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Introduction 
Neville Agnew and Michael Taylor 

The 6th International Conference on the Conservation of Earthen Architecture is 

convening at a time of growing awareness worldwide of the need to protect our earthen 

architectural heritage. The collective body of knowledge developed since the first 

international meeting on this subject in Yazd, Iran in 1972 has contributed to a new 

appreciation of earth as a viable and appropriate building material, historically a medium 

of choice rather than necessity. This improved understanding has, in turn, helped to 

generate needed funds to support new frontiers of conservation research as exemplified 

in many of the papers presented for this conference. 

This meeting has been dubbed "Adobe 90" informally, in recognition of the importance 

of earth as a building material in the Americas and, in particular, in the American 

Southwest where the conference is taking place. Organized under the auspices of us/ 
ICOMOS, Adobe 90 offers a forum for the exchange of ideas, methods, techniques, and 

research findings among scientists and practitioners specializing in the preservation of 

this ancient building material. The thirty countries represented at the conference and 

the nearly eighty papers accepted for presentation and prepublication testifY to the 

expanding interest in preserving earthen architecture as well as to the wealth of new 

work being undertaken worldwide. 

Adobe 90 bears witness in many ways to the strides that have been taken since the last 

international meeting held in Rome in 1987. Two of that meeting's objectives were to 

promote greater collaboration among institutions on related research projects and to 

recommend future research directions in the preservation of earthen structures. The 

GAIA Project, the subject of a plenaty address, illustrates the joint efforts of ICCROM and 

CRATerre-EAG to promote an integrated program of training, research, documentation, 

development of standards and technical cooperation at international, national, and 

regional levels. The mandate of the 1987 meeting also inspired the collaboration 

between the Museum of New Mexico State Monuments and the Getty Conservation 

Institute to study chemical consolidants and physical protective measures for historic 

adobes through field evaluation of test walls. This involvement was extended recently to 

include the United States National Park Service, Southwest Region. The progress of 

this testing program and preliminary results are documented in the Fort Selden papers 

published here. This project represents the kind of interagency cooperation that is 

necessary to bring large, multi-phased research projects to fruition. During the half-day 

session at Fort Selden, 25 km northwest of the conference site in Las Cruces, New 

Mexico, delegates have the opportunity to view the results of the project firsthand and to 

exchange insights and experiences with the researchers who designed the two test wall 

projects adjacent to the historic ruins. 
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The largest number of papers submitted concerns the history and traditions of earthen 

architecture. It is encouraging to see that almost every country represented at the 

conference has presented a paper on its regional and historical architecture. The picture 

that emerges here, more clearly than ever before, is the ubiquitous use of earth over the 

broad span of history and throughout the world, in Europe-England, France, 

Germany, and Italy-as well as in parts of North America such as New York State and 

the Dakotas, where the use of earth as a building material has not been fully recognized 

nor appreciated. 

The papers concerned with history and traditions also contribute greatly to our 

awareness of the connections that can and do exist berween present-day living 

communities and their earthen structures. These cultures are to be found in many parts 

of the world, including our host state of New Mexico, where the maintenance of earthen 

buildings is often a community activity that fosters cohesiveness and cultural identity. 

The parallels that exist with other communities on other continents-Zambia, 

Tanzania, Kashmir, for example, as portrayed in these papers-will surely lead to 

productive discussions among delegates. The continuity berween ancient usage of earth 

as a building material and its importance in present times will be illustrated further by 

the acclaimed photographic exhibition "Spectacular Vernacular," which presents 

magnificent African ceremonial structures-initiation houses, kasbas, mosques-made 

of earth. This exhibition is displayed at the conference on loan from the Smithsonian 

Institution. 

It is also important to highlight here the progress of seismic stabilization studies, 

particularly in South America, which includes both examination of traditional 

stabilization methods used on historic adobes and research into modern methods. The 

vulnerable condition of historic adobe buildings in California, which are damaged or 

destroyed with every seismic event, underscores the urgent need for retrofitting these 

structures-in ways that are affordable, sensitive, and minimally invasive-against 

further damage by earthquakes. In other parts of the world-Kashmir and Macedonia, 

for example-earthen buildings have demonstrated remarkable resistance to seismic 

effects, achieved through trial-and-error evolution of building practice, materials, and 

techniques. 

The active debate concerning the benefits versus disadvantages of chemical consolidants 

applied to historic and archaeological earthen structures is also represented among the 

Adobe 90 papers. This debate has arisen, in part, because of the relatively short 

evaluation period for a variety of different chemical treatments under different 

circumstances and on earthen types with different mineralogical composition. Among 

the papers presented is a review of chemical treatments implemented at field sites up to 

rwenty years ago. This developing body of information, together with continuing 

consolidation studies also documented here, will facilitate future decision making 

concerning the benefits, or otherwise, of chemical consolidants. 
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The susceptibility of earth and clay to the effects of weathering will continue to pose 

difficult technical problems in our mission to prevent deterioration. It can be expected 

that answers and solutions to these problems will be found over time. However, as borne 

out by the range of papers contained in these proceedings, the dimensions to be 

addressed also extend beyond the reach of technical expertise. It is our hope that the 

collaboration and contacts established at this conference, together with the new findings 

presented, will go a long way to further the knowledge of the conservation needs of our 

earthen architectural heritage. 



XIV 

Introduccion 
Neville Agnew y Michael Taylor 

La Sexta Conferencia Internacional sobre la Conservaci6n de la Arquitectura de Tierra se 

lleva a cabo en un momenta de creciente conciencia sobre la importancia de proteger 

nuestro patrimonio arquitect6nico de tierra. Los nuevos conocimientos obtenidos desde 

la primera reuni6n internacional efectuada en Yazd, Iran, en 1972, han contribuido en 

gran medida a apreciar la tierra como material de construcci6n viable y apropiado y a 

dilucidar que hist6ricamente, su uso responde a una elecci6n deliberada y no a la 

necesidad. A su vez, la comprensi6n de este concepto ha generado el apoyo requerido 

para llevar a cabo nuevas investigaciones en materia de conservaci6n tal como 10 
demuestran los numerosos estudios presentados en esta conferencia. 

Informalmente, se ha denominado a esta reuni6n "Adobe 90", reconociendo la 

importancia de la tierra como material de construcci6n en las Americas y en particular 

en el Sudoeste de los Estados Unidos, sede de esta conferencia. Contando con el auspicio 

del US/ICOMOS, Adobe 90 proporciona el marco ideal para el intercambio de ideas, 

metodos, tecnicas y descubrimientos de investigaci6n entre cientfficos y especialistas 

dedicados a la preservaci6n de este antiguo material de construcci6n. Los treinta paises 

asistentes y los casi ochenta trabajos de investigaci6n aceptados para su presentaci6n y 

publicaci6n confirman el creciente interes mundial por la preservaci6n de la arquitectura 

de tierra y dan fe de la importancia de los nuevos trabajos emprendidos en el mundo 

entero. 

En gran medida, Adobe 90 sirve como testimonio de los gran des logros obtenidos des de 

la ultima reuni6n internacional llevada a cabo en Roma, en 1987. Dos de los objetivos 

principales de dicha reuni6n eran promover una colaboraci6n mas estrecha entre las 

diversas instituciones involucradas en proyectos de investigaci6n relacionados y 

recomendar directivas e instrucciones claras para la preservaci6n de las estructuras de 

tierra existentes. El Proyecto GAlA, objeto de una sesi6n plenaria, ilustra los esfuerzos 

conjuntos de las organizaciones ICCROM y CRATerre-EAG con el fin de promover un 

programa integrado de capacitaci6n, investigaci6n, documentaci6n y desarrollo de 

normas para la cooperaci6n tecnica a nivel internacional, nacional y regional. El objetivo 

de la reuni6n de 1987 sirvi6 de inspiraci6n para la colaboraci6n entre el Museum of New 

Mexico State Monuments y el Getty Conservation Institute a fines de estudiar 

consolidantes quimicos y medidas de protecci6n para las construcciones hist6ricas de 

adobe a traves de la evaluaci6n "in situ" de muros de prueba. Recientemente, este 

esfuerzo conjunto se ha ampliado incluyendo la participaci6n del National Park Service, 

Regi6n Sudoeste de los Estados Unidos. El progreso logrado en este programa de 

experimentos y sus resultados preliminares se documentan en los trabajos de 

investigaci6n de Fort Selden que se publican aqui. Este proyecto representa el tipo de 

cooperaci6n entre los diferentes entes que resulta imprescindible a fines de lograr el exito 
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en toda actividad de investigacion de multiples etapas. Durante la sesion de medio dia 

que se llevari a cabo en Fort Selden, a 25 kilo metros al noroeste de la sede de la 

conferencia en Las Cruces, Nuevo Mexico, los delegados tendrin la oportunidad de 

apreciar los resultados del proyecto e intercambiar sus impresiones y experiencias con los 

investigadores que disefiaron los dos muros de prueba adyacentes a las ruinas historicas. 

La mayoria de los trabajos presentados tratan sobre la historia y las tradiciones de la 

arquitectura de tierra. Resulta alentador observar que casi todos los paises representados 

en la conferencia han presentado un trabajo sobre su propia arquitectura historica 

regional. De esto se desprende mas claramente que nunca, el concepto de que la tierra ha 

sido utilizada casi constantemente durante la historia de la humanidad y en todo el 

mundo, en Europa - Inglaterra, Francia, Alemania e Italia - y en varias partes de America 

del Norte, como los estados de Nueva York, y las Dakotas del Norte y del Sur, donde el 

uso de la tierra como material de construccion no ha sido apreciado ni reconocido en 

toda su plenitud. 

Los trabajos presentados relativos a la historia y a las tradiciones contribuyen en gran 

medida a nuestro conocimiento sobre la relacion, probable 0 real, entre la vida actual de 

ciertas comunidades y sus estructuras de tierra. Estas culturas existen en la actualidad en 

numerosas partes del mundo, incluyendo el estado anfitrion, Nuevo Mexico, donde el 

mantenimiento de los edificios de tierra constituye frecuentemente una actividad 

comunitaria que fomenta la union y la identidad cultural. Los paralelos trazados con 

comunidades de otros continentes - Zambia, Tanzania, Cachemira, por ejemplo -

descritos en los trabajos presentados - provocarin sin lugar a dudas, discusiones 

productivas entre los delegados. La continuidad entre el uso de la tierra como material 

de construccion en epocas anteriores y su importancia en los tiempos actuales se ilustrara 

con mayor detalle en la exhibicion fotografica "Spectacular Vernacular" que presenta 

magnificas estructuras ceremoniales africanas - construcciones para ritos de iniciacion, 

kasbas, mezquitas - construidas en tierra. Esta muestra se exhibiri durante la conferencia 

gracias a la gentileza de la Smithsonian Institution. 

Es importante, tambien, recalcar el progreso logrado en los estudios de estabilizacion 

antisismica, particularmente en America del Sur, que incluye el examen de los metodos 

tradicionales de estabilizacion utilizados en estructuras de adobe historicas y la 

investigacion de nuevos metodos. El precario estado de las construcciones historicas de 

adobe del estado de California, constantemente dafiadas 0 destruidas por la actividad 

sismica, subraya la necesidad urgente de reforzarlas - en forma economica, prudente y 

con el minimo de alteraciones posibles - a fines de protegerlas contra futuros terremotos. 

En otras partes del mundo - Cachemira y Macedonia, por ejemplo - las construcciones 

de tierra han demostrado una resistencia notable ante los movimientos teluricos, lograda 

aplicando el metodo de prueba y error a las practicas, materiales y tecnicas de 

construccion. 

Entre los trabajos presentados en Adobe 90 algunos tratan la controversia entre los 

beneficios y desventajas de aplicar consolidantes quimicos a las estructuras de barro 

arqueologicas e historicas. En parte, este debate ha surgido a consecuencia del 
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relativamente corto pedodo de evaluaci6n de una variedad de tratamientos qufmicos, 

que bajo distintas circunstancias, fueron aplicados a tipos de tierra con diferente 

composici6n mineral. Entre los trabajos presentados hay una revisi6n de los tratamientos 

qufmicos implementados en diversos emplazamientos, algunos de elios con hasta 20 anos 

de antiguedad. La compilaci6n de esta informaci6n, conjuntamente con los estudios de 

consolidaci6n que tambien se documentan aquf, facilitarin las decisiones futuras 

relativas a los beneficios 0 desventajas de los consolidantes qufmicos. 

La vulnerabilidad de la tierra y la arcilla frente a los agentes climiticos continuari 

presentando graves y diffciles problemas tecnicos en nuestra misi6n de prevenir el 

deterioro de las estructuras de tierra. Con el correr del tiempo, hallaremos soluciones y 

respuestas a estos problemas. Sin embargo, como se desprende de la gama de trabajos 

presentados, los temas a tratar sobrepasan nuestra capacidad tecnica. Esperamos que la 

colaboraci6n y los contactos logrados en esta conferencia, conjuntamente con los nuevos 

descubrimientos presentados, logren ampliar nuestros conocimientos sobre las 

necesidades de conservaci6n de nuestro importante patrimonio arquitect6nico de tierra. 
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Introduction 
Neville Agnew et Michael Taylor 

La Sixieme Conference Internationale sur la Conservation des Architectures en Terre se 

reunit dans un climat de prise de conscience mondiale sur la necessite de proteger notre 

heritage architectural en terre. La masse de connaissances accumulees depuis la premiere 

reunion internationale sur ce sujet, qui prit place a Yazd (Iran) en I972, a contribue a 
une nouvelle appreciation de la terre comme materiau de construction viable et 

approprie qui, au cours de l'histoire, fut utilise non pas par necessite mais par choix. 

Cette meilleure comprehension a, a son tour, facilite la collecte des fonds necessaires au 

financement de ces avant-postes de la recherche en conservation comme Ie prouvent les 

nombreuses communications soumises pour cette conference. 

Cette reunion a ete familierement surnommee "Adobe 90", en reconnaissance de 

I'importance de la terre comme materiau de construction aux Ameriques, et plus 

particulierement dans Ie Sud-Ouest americain OU va se tenir cette conference. Organisee 

sous les auspices de I'US/iCOMOS, Adobe 90 offre une tribune prop ice aux echanges 

d'idees, methodes, techniques et resultats de recherches entre chercheurs et praticiens 

specialises dans la preservation de cet ancien materiau de construction. Le fait que trente 

pays y sont representes et que presque quatre-vingts communications ont ete acceptees 

pour leur presentation et pre-publication temoigne de l'interet grandissant porte a la 

preservation de l'architecture en terre, ainsi que de l'abondance des travaux 

nouvellement entrepris de par Ie monde. 

Adobe 90 atteste amplement des progres importants realises depuis la derniere reunion 

internationale de Rome en I987. Deux des objectifs de cette reunion etaient de 

promouvoir une collaboration accrue entre les institutions travaillant sur des sujets de 

recherche apparentes et de recommander des directions futures pour la preservation des 

structures en terre. Le Projet GAIA, qui fera l'objet d'un communique en seance pleniere, 

illustre les efforts concertes de I'ICCROM et de CRATerre-EAG en vue de la promotion d'un 

programme comprenant la formation, la recherche, la documentation, Ie developpement 

de normes et la cooperation technique aux niveaux internationaux, nationaux et 

regionaux. Le mandat de la reunion de I987 inspira egalement la collaboration entre Ie 

Musee des Monuments de I'Etat du Nouveau-Mexique et l'Institut Getty de la 

Conservation en vue de l'etude des consolidants chimiques et des mesures protectrices 

physiques pour les adobes historiques par evaluation sur place de murs de test. Le Service 

des Parcs Nationaux des Etats-Unis, region Sud-Ouest, s'est recemment joint a cette 

association. Les progres realises au cours de ce programme d' essais et certains resultats 

preliminaires sont documentes dans les rapports sur Fort Selden pub lies ici. L' ampleur et 

Ie nombre des etapes necessaires pour mener a bien de tels projets de recherche illustrent 

Ie type de cooperation necessaire entre les differents organismes interesses. Lors de la 
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demi-journee de travail a Fort Selden (a une distance de 25 km et au nord-ouest de Las 

Cruces, Nouveau-Mexique, lieu de la conference) , les delegues pourront se rendre 

compte d' eux-memes des resultats et auront I' occasion d' echanger idees et experiences 

personnelles avec les chercheurs ayant realise les deux murs de test adjacents aces ruines 

historiques. 

La majorite des presentations no us ayant ete soumises portent sur l'histoire et les 

traditions de l'architecture en terre. II est encourageant de voir que presque tous les pays 

representes a la conference ont fourni un article portant sur leur architecture regionale et 

historique. II est de plus en plus clair qu'au cours des siecles la terre fut utilisee non 

seulement en Europe (Angleterre, France, Allemagne et Italie), mais egalement dans 

certaines regions de I'Amerique du Nord telles que l'Etat de New York et ceux des 

Dakotas, sans que ce fait ait ete pleinement reconnu ou apprecie. 

II est egalement certain que les communications ayant trait a l'histoire et aux traditions 

contribuent grandement a notre prise de conscience sur les rapports etroits qui existent 

de fait entre les communautes contemporaines et leurs constructions en terre. De telles 

cultures existent dans de nombreuses parties du monde, y compris au Nouveau

Mexique, notre hote, OU I' entretien de bitiments en terre constitue souvent une activite 

communale qui stimule I' esprit de corps et l'identite culturelle. Les paraileJes existant 

avec des communautes situees sur d'autres continents (en Zambie, en Tanzanie et au 

Cachemire par exemple, tels que decrits dans ces articles) susciteront sans aucun do ute 

des discussions productives entre delegues. La continuite qui existe entre l'utilisation de 

la terre comme materiau de construction dans les temps anciens et son importance 

actuelle sera en outre illustree par I' exposition photographique renommee "Spectacular 

Vernacular", une magnifique presentation de structures ceremoniales africaines (maisons 

d'initiation, casbahs, mosquees) construites en terre. Cette exposition fut gracieusement 

pretee a la conference par la Smithsonian Institution. 

Nous devons egalement mentionner les progres realises dans les etudes de stabilisation 

sismique, particulierement en Amerique du Sud, etudes qui portent aussi bien sur 

I' examen des methodes traditionnelles utilisees pour les constructions historiques en 

adobe que sur la recherche de methodes modernes. La vulnerabilite des bitiments 

californiens historiques en adobe, endommages ou detruits lors de chaque secousse 

sismique, souligne Ie besoin urgent de proteger ces structures contre tous degits 

additionnels par tremblements de terre d'une maniere a la fois abordable, pratique et 

presentant un minimum d'interference. Dans d'autres parties du monde (comme Ie 

Cachemire et la Macedoine), les constructions en terre ont fait preuve d'une resistance 

aux effets sismiques remarquable, resultat de I' evolution empirique de la pratique, des 

materiaux et des techniques de construction. 

Plusieurs presentations d'Adobe 90 illustrent egalement Ie debat anime sur les avantages 

et les inconvenients des consolidants chimiques pour Ie traitement des structures 

historiques et archeologiques en terre. Ce debat est en partie dli au fait que la periode 

d' evaluation des divers traitements chimiques dans des circonstances differentes et sur 
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des types de terre de compositions mint:ralogiques variees a ete relativement courte. L'un 

des articles presentes passe en revue les traitements chimiques mis en uvre sur place au 

cours de ces vingt dernieres annees. Les decisions futures relatives aux benefices eventuels 

des consolidants chimiques seront facilitees par l'accumulation continue des 

informations sur ce sujet et par la poursuite des etudes sur la consolidation qui sont 

documentees ici. 

La susceptibilite de la terre et de l'argile aux intemperies continuera a poser des 

problemes techniques ardus pour nos travaux de prevention de la deterioration. Des 

reponses et solutions aces problemes seront eventuellement trouvees. La variete des 

articles rassembles dans ces comptes rend us prouve cependant que Ie do maine de ce 

debat s'etend au dela de la poursuite de l'expertise technique seule. Nous esperons que la 

collaboration et les contacts etablis lors de cette conference, ainsi que les resultats recents 

qui y seront presentes, favoriseront une prise de conscience accrue sur la necessite de 

preserver notre heritage architectural en terre. 
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CONSERIlATION DE L' ARCHITEC'IURE EN BRI(JJE CRUE:IA RB:IIE:OCHE SUR LES"CASONI" 
DU mRD-EST 0' lTALIE 

Hauro Bertagnin 
Faculte d ' Ingegnierie 
Universite de Udine 
Via Larga 4 2  3 3 100 Udine /Italie 
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1.Introduction 

Apres I e  Colloque de Rome , suite a une serl.e des"recommandation s" 
parues dans le s Comptes Rendus , s ' es t  forme un groupe italien(l) 
pour coordonner rech erche s  et ac tion dans Ie domaine de la con 
naissanc e  et conservation de l ' architec ture de terre en Italie 
soit au niveau archeologique soit du pa trimoine biiti e ncore 
habite ou en voie de disparition suite a l ' abandon des habitants. 
Durant ces deux a nnees Ie groupe a mis au point une s tra tegie 
d ' ac tio n qui se deroule dans les s ec teur s suivants : 

-Hethod es d ' inventaire et recherches typologique et technologl. 
que du patrimoine existant , 

-His to ire et evolution de la c ons truction en terre en Italie 
et recherches sur les trai tes d '  archj tE'c ture en terre 
i talie ns ( 2 )  

-Ob servation e t  cla s s ement d e s  pathologies des batiments , a n� 
lys e s  chimiques sur les terres et sur les enduits des maisons 
en terr e et premiers programmes de conserva tion sur les typo
logies d ' echantillons. 

Pa rmi c e s  ac tions e s t  presente ici un premier cas d ' etude qui 
conc erne une typologie , Ie "casone", qui c orrespo nd a la totali te 
de la maison en terre au nord-est d ' Italie. 
En abordant la recherch e , on a suivi la demarche methodo logique 
res umee dans les trois s ec teur s de la s trategie d '  ac tion e nvi
sagee pour une approche globale. 

2 . Une typologie archetype : histoire et donnees a nthropogeographi
que s  

Dans le s etudes sur l e s  type s a nthropogeographiques de l a  basse 
plaine de la Padanie( 3) , on rec onnait I e  "casone" de la plaine 
entre Padoue et Venise comme la plus a ncienne forme de maison 
rura l e , type hybride entre hutte et maiso n , que des peintres 
tels que Giovanni Bellini , Giorgione et Tiziano fixent da ns 
leurs paysages( 4 )  . 
L ' integration au site e s t  a s suree par l ' utilisa tion du materiau 
meme qui compose Ie site , la terr e , et des autres materiaux tels 
que I e  bois de chene pour la s truc ture du toit et la paille ou 
la ros eau des lagunes venitiennes pour la surface exterieure 
des couver ture s .  
Cette forme archetype de maison degage dans le s plaines du nord
e s t  d ' Italie trois modeles de base : 

-Le premier type e s t  carac terise par un plan qui nait du contac t 
de d eux parties de la maiso n , dont la plus petite contient la 
c uisine avec la cheminee . La forme et la volumetrie sont particu
lier es , approchant celI e  d ' une tente. 
Ce premier type se retrouve dans la bas s e  plaine de la region de 
Venise e t  quelques exemplaires exis tent au ssi dans la province 
de Treviso , tout pres de la plaine du fleuv e Tagliamento . 
Normalement ce type comporte un rez-de-chausee qui represente la 
partie habitee et l ' etage c orre spondant a la grange . 

-Le deuxieme type prese nte une forme s tric tement rectangulair e ,  
avec le s piec e s  a u x  surfac es regulieres . La pente d u  toit e s t  
inferieure a c elIe d u  premier type. 

3 
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C e  deuxieme type se s i tue dans l'aire 
du Friul i. 

ouest d e  la bas s e  pla i ne 

Le log is ne comprend , l e plus s ouvent , qu ' un rez-de-ch3ussee habi
tab l e , recouvert d ' une to i ture reguliere a deux versants.La grange 
en boi s peut correspo ndre a l'etage ou etre reuni e sur le c ote 
nord du "c asone". 

-Un troisieme type , n'etant pas bati en briques de terre crue , 
ma i s  homogene au poi nt de vue typolog ique et morpho logique aux 
deux autre s a ete consi dere dans la rech erche seu lement comme 
extension archi tec turale et g60anthropique de l'hab itat ancien 
dont les "casoni" representent les exemples les plus i nteres sants . 

L'ensemble de ces construc tions rura les a na lysees presente 
plusieurs carac teres communs. Effec tivement il s ' agit de mai s ons 
rurales d'a s s e z  pe tite ta i l l e ,  l ' etage corresponda nt souvent a 
la grange , l e plan genera l tres s impl e , plus souvent rec tangula ire 
avec des adjonc t ions (granges ou abris Dour les outil s )  . 
Le toi t  ioue un role de grande importance, soi t pour la d� 
termina tion de la vo lumetri e et par consequent de la forme du 
"ca s one", soit pour la s tructura tion du 10gi s . On retrouve aus s i  
une uti l i s a tion frequente des memes materiaux tel s q u e  la terre 
crue pour les murs , l e bo i s  (chene , sapin ou orme) , pour l e s  pla� 
chers e t  l ' ossa ture primaire et secondaire du toi t et poutres 
eventuel le s , tuiles pleine s  et roseaux pour la couverture . 

3 . Inventaire et recherches typologique et technologique 

Le patrimoine bati des "ca so ni" ayant deja fait l'objet d ' une 
seri e de publica tions ( 5 ),  on a pu aborder le probleme d e  l ' in
venta ire de tous les exempla ires aujourd ' hui encore exi s tants 
a partir des donnees deja partie l l ement acqui ses et ensuite 
on a pu etab l ir une demarche d ' analyse rai s onnee devant servir 
a la def ini tion d ' un premier niveau de stra tegie de conservation 
a proposer . 
Les rel eves ponc tuels sur le terra in et la construc tion de 
f iches typo- techno logiques a permis d ' identifier et c la s ser 
tous les "casoni" e ncore exi s tants et batis e n  brique de terre 
crue(adobe) corre spondants a la to ta l i te des batiments en 
terre du nord -est d ' Ita lie. 
Une fois veri fies du po int de vue quantita tif , les exemplaires 
e ncore existants a ppartenant aux deux premi ers types et 
corre spondant aux "ca s oni" batis en briques de terre crue 
(adobe) ,on a pu orga niser un inventaire complet de l ' exi s tant 
et essayer de re trouver des analogies meme au niveau techno
logique. 
En e f f e t  pour la p lupart des "ca soni" du premier et sec ond type s , 
le tro i s ierne etant exc lu de l ' i nventa ire , on a pu veri f i er une 
technologie du ba ti constante , expression du savoir- faire local , 
f ixee dans l'architec ture vernac ula ire locale . 
Da ns la plupart des "ca soni" a na lyses , l es fonda tions sont 
traditionnel lement inexistantes . Pour batir les murs en"adobe" 
des "ca s on i" , on a verifi§ qu'une fois f ixe l ' emplacement oU le 
sol eta i t  juge s table , on ta s s a i t  tout simplement le sol a 
l'emplacemen t du futur "ca s one" . 
C e  choix technologique a s igni f ie , par conseque nt , la c rea tion 
des souba s sement s , dont le role eta i t  celui de repartir l e s  
�f forts de la charpente e t  d e s  murs tout en les transmettant a u  
sol . 
C e  choix de rea l i ser des s ouba s s ements a aussi c ondi tio nne 
l'adoption d'une seri e d ' autres materiaux tels que galets , 
pi erre s ou briques cuites necessa ires pour evi ter aux murs en 
"adobe" d'etre deteriores par l e s  eaux de rui ssel lement ou par 
le reia i l li s s ement des eaux de pluies tombant des toi t s  sans 
gouttieres. 
Pour les "ca soni" de la plaine veni ti enne , on a veri f ie l ' a dop
tion des br iques c uites tand i s  que la pi erre et les ga lets 
constituent la plupart des s ouba ssements des "ca soni" de la 
pla i ne frioulaine du fleuve Tag li amento . 
Dans les deux type s , o n  retrouve une varia tion de hauteur des 
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souba s s ements entre 80 e t  1 20 centime tres . 
L '  adoption de murs d' une hauteur redui te ( 2  me tres ou 2 , 2 5 maximum) 
et 1 ' ut i l i sa tion d ' un grand debord sont pl us marques dans les 
" cas oni " du premier type . L ' adobe e tant tres sensible a l ' humi
dite et a l ' §rosion de la pluie batta nte et aux eaux dont Ie 
vent raba t quelquefois des toi tures sans gouttieres , ce s  cho i x  
d e  l a  technologie vernaculaire o nt e te tre s  valable s pour la 
durabilite d e s  bii timents e n  " adobe " a na lyses . 
Les " a dobes " u ti li s e s  dans la ba sse plaine veniti enne et friou
laine ont des d ime ns ions peu var iables la plu part et.ant faits 
avec un moule en bo i s , s ouvent Ie meme utilise dans les bri qu� 
teries de l ' aire du "casone " . Les e pa i s seurs des br iques crues 
var ient donc de 7 a 1 0  centime tres , l a l argeur de 13 a 16 et 
la longueur de 26 a 32 c entime tres . 
Par cons equent les mur s analyses ont en general 4 0/ 4 5 /50 cm . 
Pour les murs exterieurs et les murs de refend peuven t , selon 
Ie c a s , vari er de 1 3  a 16 cm . , de 2 6  a 32 cm . e t  de 4 0  a 50 cm . 
selon les choix du biitis seur . Le s po ints d ' appui de la charpente 
e t  les a ng le s  s ont quelquefo i s  faits avec des ma teriaux plus 
r e si s tants , pierre et br iques cui tes dans la ma jorit§ des cas . 
Des pieces de boi s r eposant s ur les murs d ' a ngle pour soutenir 
l a  poutre en bo is d ' arete ou une sablier e  pour r epartir l ' effort 
de la charpe nte s ont d ' autres e l ements con s tr uc tifs ver ifies 
dans la r echerche . 
Dans les couver tures on retrouve , au contra ir e , une dif fer ence 
entre Ie premier et Ie second type s .  
Le premier type e tant coneu pour une couverture en ro seaux et 
I e  s econd pour une en tu iles ple ine s , le s  deux pentes e tant 
dif ferentes , la s truc ture en bois de la charpe nte e s t  d if f erente . 
Pour l e s  deux s truc tur es de la charpe nte , on a fait une e tude 
approfondie sur Ie savoir-faire trad itionnel c onc ernant l ' utili 
sation du roseau dans Ie premier type et s ur l e s  chevrons 
carac ter i sant Ie deuxieme type . Pour ce der nier , l e recouvrement 
de tuiles s ur Ie fai tage pr esente une pa rt icular ite due a une 
ori enta tion par t iculiere qui evite Ie soulevement des tu i l e s  
par Ie vent . 
Les bois employ e s  pour l ' ossature pr imaire du premier type sont 
norma lement Ie chene e t  Ie la ttis var ie entre Ie chene , le 
c ha taigni er et I e  sapin . 
Pour les mor t iers et les e nduits employe s dans les deux aires 
ou se s i tuent les deux type s analyses on utilise tou j ours un 
melange de terre et de chaux , ou moins souvent de chaux et de 
sable . 
En ce qui concerne la mi se en oeuvre de la ma r;onner i e  en " adobe " ,  
dans la plupart des cas , on a pu ver i f ier par tout une regular i te 
d e s  l i ts succ essi fs de br iques et par cons equent une hor i zon
ta l i te genera lisee qui temoigne dans Ie deux aires d ' une bonne 
exec ution et donc d ' un a r t  de la ma eonner ie meme de c es hab i
ta tions pauvres dans Ie domaine rura l . 

4 . Clas sement des pa tho logies 

Le travail e ngage a l ' ec h e l l e  reg iona le du Veneto e t  du Friul i ,  
doi t  aboutir selon les ob j ec t i f s  des chercheurs a des p lans 
d ' ac tion de conserva tion de c e s  derniers exemplaires ( dans les 
deux regions i l s  ne sont qu ' une vingtaine encore)  d ' une typo lo
gie et technologie en vo ie de dispar ition . 
L ' e tude des pa thologies de c es bii timents et les s olutions 
techniques pour un programme compa tible de cons ervation repre
s entent une autre demarche operationnel l e  de la rec herche . 
On peut grouper les patho logies rencontrees au cours de la 
r echerche par c la s s e s  homoge ne s .  
On a vu que les " ca s oni " sont s i tues dans des zones humides 
de la ba s s e  plaine du no rd- est de l ' I ta l i e  carac te r i s e e  par 
une r emarquable pluvios i te , c e  qui signi f ie que c e s  bii timents 
sont dans la plupart des cas a f fec te s par la pluie e t  par 
l ' humid i te . On a de j a  rappe l e  que la s truc tur e typo-techno logi
que des "casoni " est concue pour une defense contre les pluies 
( pe ntes et debord de la toi tur e ,  murs exterieurs ba s e tc . ) ma i s  

ma lgre cela on d o i t  enreg i s ter plus ieur s degiits a cause des 
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eaux , des plu i e s  et de l ' humid i te . 
La pl uie et l e  vent ent souvent provoque l ' ero s ion des fa�ades 
et en meme temps cree des dega t s  dans la s truc ture en bo i s  
d u s  a s o n  inf i l tratio n  d a n s  la c ouvertur e .  
L ' a b sence de gouttier e s  e s t  r e sponsable d ' un r e j a i l l i s s ement 
marqu8 sur le sol , qui caus e , malgr§ l es souba s s ements , d e s  dega ts 
aux endu its c omme aux mur s . 
C ' est un proc essus progr e s s i f  entame par la pl uie qui est respo� 
sable de la destruc t io n  de deux " c a soni " dans l ' aire f r ioula i ne . 
Cloaues et dec o l l ements v i s ibles sur l e s  sur faces d e s  f a � �des , 
sont l i e s  a des remo ntees caoillaires da ns les mur s et surtout 
pour les "casoni " de la plaine fr ioulaine pendant les c yc le s  
d e  gel -degel . 
Une autre patho logie r el evee dans l ' ana lyse des deux typologies 
conc er ne l e s  degats produ i t s  dans plu s i eurs "casoni " par le 
manque des cha i nages puisque merne dans le cas ou les angl e s  
on e te ba tis en br ique cuite ou en pierre , i l s  sont desolida r i s e s  
d u  r e ste d u  ba ti . 
D e s  f i ssures dans la fa� ade c orresponda nt au pO int d ' appu i des 
chevrons sur l e  mur s sont d ' autr e s  patho logies l i ees a la non 
adoption de la sab l i ere pour l ' appui des chevro ns le long du 
mur et qu ' o n  a pu ver i f i er dans c ertains cas . 
En c e  qu i c onc er ne la degradation des endu i t s , on peut etab l ir 
apr e s  la pr emiere partie de la recherche , que la pl upart des 
degats s igna l e s  sont l i e s  a deux genres de causes : v i e l l i s sement 
des enduits par manque d ' entr etien ou mauva i s  dosage des enduits . 
Dans la deuxieme c l a s s e  des pathologies on trouve surtout les 
e s sai s d ' entretien util i sant des ma ter iaux tels que le c iment 
qu i c r e ent une degradation de retour , causee par une mauvai s e  
c onna i s sa nce d e s  reac tions entre ma ter iaux traditionne l s  et 
ac tuel s .  
Pour compl eter l e s  vo l ets analyt iques d e s  patholo g ie s , on doi t 
aus s i  rappel er la degrada tion des " casoni " non habites due sur 
tout au manque d ' entretien et a la perte de savo ir-faire a 
construire des toi tures en roseaux de la lagune , qui ne sont cnn
nues de sorma i s  que de que lques anci ens arti sans loc aux ( 6 )  . 

5 .  Programmes de conserva tion 

Les " casoni " c omme on l ' a  de j a  soul igne r eprese ntent aujou£ 
d ' hu i  l e s  derniers types d ' habitat en briques de terre crue 
ex i s tant au nord-est d ' Italie et sont un pe tit nombre de bat! 
ments enc ore util i s e s  mai s  de toute fa�on en vo i e  d ' ext inc t io n . 
I l s  peuvent etre sauvegard6s avec un peu d ' effort du po int 
de vue economique et soc io-cultur el . 
La plupart des " c a so n i " ont ete ameliores et rehabil i te s  par 
l e s  habitants qu i o nt dans la ma j o r i te des cas gard e s  les 
caracteres typo -arch itec tur aux des " casoni " , favor i sant la 
conserva t io n  de c e s  batiments trad itionnel s dans le paysage 
rural . 
C ' e s t  un devo i r  social aue de conserver c e s  ba timents san s 
les depers onna l i s er , d ' aider a l ' entr etien approor i e  aux ca
rac teres arch itec turaux et tec�no log iques de c e s  typo logies 
archetype s de la plaine du no rd-est italien . 
On a de j a  e s saye de sens i b i l i ser les institu t ions a l ' aide au 
developpement d ' ac tions au niveau local e t  a u  f i nancement par 
l es organismes publ ics ( R§gions , Gouvernement etc . ) . 
L ' introduc tion de ce pa trimo i ne architec tura l vernac ulaire dans 
le registre des " architec tur e s  a sauvegarder " , la creation de 
deux petits parcs regionaux pour l e  " c a s oni " , une s e r i e  d ' ac tions 
pour la val or isa tion du savoi r-faire a�tisanal loca l e t  une 
parfaite conna i s sance de la technolog i e  et de l ' ar t  de batir 
c onc ernant l e s " c a s oni " sont l e s programmes d ' a c t io n  envi sage s .  
Pour ce qui c onc erne les so lutio ns techniques appropriees pour 
la conserva tion de c e s  ba timents , a  c o te des releves c omple ts 
de tous l e s  " ca s oni " e x i s tants ( so i t  a travers l ' utili sa tion 
des r e leves dej a publ i c s  dans les livres conc ernant c e s  
architec tur es o u  o a r  la rea l i sa t io n  de releves manauant s )  , on 
o n  a fait demarrer d ' autres ac tions a U l ourd ' hui en c ours . 
Les ana l y s e s  chi�iques des " adobe s "  des diffe rents batiments 
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et des enduits u t i l i s e s  dans l es d i f f er ents types , l e s  a na lyses 
d e s  sol s , l e s  inventaires des ma ter i aux locaux employes et l e s  
prem i er s  e s sa i s  de conserva t ion typo -techno logiques d ' un echan
tillon de c hacun de d eux types e tud i e s  sont l e s  ac t ions pro 
gramme es pour la sauvegarde d ' un temo ignage encore v ivant d e  
l ' habi tat en terre en 1 ta l ie . 

6 . Conc lus ions 

Les ba timents en " adobe " analyses r epres entent un pa tr imoine 
arch itec tural dont l a  sauvegarde e s t  i ndi spensab l e  pour pre s erver 
l e s  derniers exempl es de ma i sons en terre dans le nord-est de l '  
1 ta l i e . 
La me thode suiv i e  e s t ,  a no tre avi s ,  exten s ible a d ' autres c a s  
et petit contr ibuer a la sauvegarde reel l e  du pa tr imo i ne 
arch i tec tura l  en terre ita l i en . 
Une fois d emarr ees l e s  ac tions env i sage es on pourra e f fec tivement 
compter sur une ser ie d ' expe r i enc es de r e f er enc e valables 
pour une approche plus e f £ icac e a la conserva t ion du pa tr imoine 
en terre ital ien . 

NOTES 

( l ) A lva A . , Bertagnin M . { coord inateur ) , B isconti G . , Chiari G . , 
Ga ldieri E . , Laureano P .  

( 2 ) Voir Bertagnin M . , " L ' arch i tec ture d e  terre en 1tal ie : conna i� 
sanc e  et r ehab i l i ta t io n  d ' un patr imoine typolog ique meconnu " et 
Ga ld ier i E . , " Etat et futur des ba t iments ita l i ens en ter re : l e  
cas du Pi emont e t  d e  l a  Sarda igne" i n  Le patrimo ine europeen 
constru i t  en ter re et sa rehabil itation , ENTPE , Vaulx en Vel i n ,  
Comptes Rendus , 1 9 8 7  

( 3 ) 1 1 s ' ag i t  d e  l a  plaine d u  f l euve Po , l e plus grand f l euve 
italien 

( 4 ) Regardant les paysages d e s " Croc e f i s s ione " { Correr , Vene z i a )  et 
"Al l egor ia sacra " { Uff i z i , F i r enze) de G iovanni Bell ini , d e la 
"Venere dormiente " { Gema lde Ga ler i e  , Dresden) d e  Giorg ione et 
" L ' amor sacro e l ' amor pro fano " { Ga l l er ia Borgh es e , Roma ) de 
Ti z iano on peut r econnai tre le "casone" comme typo log ie 
dominant l e  paysage agricole du XVe Siec l e , dans l a  pla ine de 
la r e g io n  d e  Venise 

{ S ) cfr . Ti e to P .  I casoni venet i , Panda edi teur , Padoue , 1 9 7 9  

( 6 ) c fr . no te 2 
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ABSTRACT 

It is in the earthen architec ture 
of the Chil ean central region 
where we can find the values of 
a real vernacular architecture 
which displays a unique spatial 
and cultural qual ity .  

Space and matter thus determine 
a specific architec tural form 
consti tuting a valuable heri tage 
which ought to be preserved as 
a genuine model of representation 
and extension over time . 

It provides us with the 
archi tec tural "type" springing 
from a set of formal variables and 
becoming a basic form which in 
being appl ied to a new project 
should keep its di stinctive 
spatial features and values 
immutable . 

The typol ogy and language 
observable in the models under 
analysis would enable the proposal 
of a contemporany architecture 
based on the values typical of 
such vernacular architecture . 
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ARQUITECTURA VERNACULAR DEL VALLE CENTRAL DE CHILE 

Edwin B inda Compton 
Martin de Zamora 4247 
Las Condes - Santiago 
Chi l e .  

INTRODUCCION 

El presente trabajo consti tuye el inicio de una amp l ia investigacion que pre
tende demostrar la perfecta val i dez y contemporaneidad del modelo espacial que 
adopto la arqui tectura rural de tierra en el Valle Central de Chile desde las 
primeras manifes-caciones de ocupacion territorial pasando por los diversos si
glos , desde la  Conquista a la Rep6blica . 

El val iosisimo aporte que representa la tipologia arqui tectonica del modelo 
propuesto , se encuentra i ntimamente l igada a la definici6n de "tipo" que da 
Quatremere de Quincy en su "Dizc ionario Storico" ( 1 ) : " l a  palabra " tipo" no 
representa tanto la imagen de una cosa que debe ser copiada 0 imitada perfecta
mente cuanto la idea de un elemento que debe servir , el mi smo , de regla al mo
del o .  . . .  El modelo entendido seg6n la ej ecucion practica del arte , es un ob
j e to que se debe repetir tal cual es ; el tipo es , al contrario , un obj eto , se
g6n el cual cada uno puede concebir obras que no se pareceran en absoluto entre 
el las . Todo es prec iso y dado en el modelo ; todo es mas 0 menos vago en el 
tipo . . .  " 

Esta forma arqui tectonica tradicional vernacular , se convierte asi en elemen
tos espaciales permanentes que definen de hecho , un valor patrimonial . La tec
nica y el material constructivo , tendran sin duda un papel primordial que ju
gar , l igado 10 anterior a los valores arquitectonicos que define formas en es
pac io y tiempo . "En la arqui tectura actual , muchas ramas de su desarrollo se 
han apartado de las raices primitivas . La falta de comprension de los proble
mas fundamentales y la  adopcion de soluciones superficiales han conduc ido a 
la probreza de la construccion arqui tectonica . . .  Hasta el siglo actual el hom
bre construyo su habitat , con materiales locales y de forma senc i l l a ,  natural 
y resistente . Las plantas eran directas e inequivocas , se basaban en exigen
cias y funciones ,  haciendo que el hombre se sintiera orgulloso de su ambien
te . "  ( 2 ) 

E l  surgimiento , por asi decir espontaneo de las v i  viendas que s e  levantaban 
sin tener tras el las ninguna especulacion , siguiendo solamente los dictados 
de la tradic ion , la limitacion 0 riqueza del material , las funciones que debi an 
cump l i r ,  produj o expresiones arquitectonicas locales que asombran por su varie-· 
dad . En cambio , la vivienda producto de la especulacion ha unificado las expre 
siones , perdiendose esc gran atractivo que significa encontrar la manifestacion 

genuina . Es por esto que nuestra arqui tectura vernacular debe ser obj eto de 
reflexion . E l l a  es la manifestacion de una quizas no muy rica variedad de for
mas , pero es sabia en tanto corresponde a la expresion autentica de un entorno 
y de un modo de vida particular . 

"La Arquitectura del Val le Central de Chile ha recurrido como en toda civil iza
cion a condicionamientos espac iales que la han caracteri zado , reflejando en 
sus formas y elementos , cual idades propias que la identi fican . En ella  no solo 
hay una respuesta adecuada al medio geografico natural , sino tambien al uso 
adecuado del materi al . El  uso del adobe tratado tanto constructivamente , como 
en su distribucion geometrica y espacial , nos permi te sostener que su forma 
y cali dad , obedecen a una condicionante espacial propia que la distingue y la 
define . Variados ej emplos podemos recoger en diversos autores y epocas , encon
trando en e l los siempre un nexo que la identificara p lenamente con nuestra 
idiosincras ia y estilo de vida" . ( 3 ) 

ARQUITECTURA RURAL DE L A  ZONA CENTRAL DE CHILE 

Tal vez las manifestaciones mas interesantes de la  arqui tectura en Chi l e ,  por 
su sincera realidad local , sean los conjuntos rurales de la  Zona Central . 

"Durante mas de un siglo de sol edad indiana , en un pais casi sin n6c leos urba
nos , la 6nica verdadera estructura caminera y territorial fue la rural que bus
caba desesperadamente lograr un orden agrario , ocupando paulatinamente y en 
medida muy reduc ida , los val les transversales y costeros . Faltando a6n ciuda
des y villas , casas patronales , caserios y algunas aldeas , se ocupo este inmen
so espacio , solo en forma esporadica . Fue solamente en la segunda rni tad del 
siglo XVIII  que con la fundacion de una larga serie de v i l l as y ciudades alrede 
dor del camino central , se creo una estructura agraria continua , permi tiendo 

una coloni zac ion y explotacion del Valle Central . Las casas rurales fueron 
adquiriendo siempre mayor importanci a ,  manteniendo como una constante los con
ceptos formales y organi zativos originales " .  ( 4 )  

Estos conjuntos rurales conformando haciendas son citados por destacados trata
distas extranj eros , como Angulo Iniguez , Marco Dorta , Buschiazzo , Kluber , Wethey 
y Kelemen . Todos concuerdan en cal i ficarla como e l  mas interesante y completo 
exponente iberoamericano en su genero , "conformando estos un cap i tulo fundamen 
tal de la hi storia de la arqui tectura americana . Efecti vamente , ning6n otro 
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History and Traditions 

pais del continente presenta el caso de estas construcciones que se suceden 
continua e ininterrump idamente a 10 largo de todo el  territorio" . ( 5 )  

En este Chi le  rural , las casas son un conjunto de edificios de apoyo a l a  faena 
rural , los caserios y las aldeas se consti tuyeron los elementos reales de la 
ocupacion territorial , y sucesivamente de su incipiente explotac ion . 

Muchas de estas casas se iniciaron en pl ena Colonia y fueron centro de im
portantes nuc leos agricolas , conformando los principales hitos de nuestros pri
meros asentamientos desde Copiapo al Bio-Bio . "Una larga vi venci a  en una geo
grafia a la que se van adaptando hombres y medios , don de se define un arte de 
vivir y perrnite concebir al pas ado como origen de un saber habitar . "  ( 6 ) 
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La planta cuadrada fue el modulo basi co y ,  por 10 tanto , la mas comunmente em
pleada desde el siglo XVI hasta nuestros dias , especialmente en aquel las regio
nes surefias don de la frontera con las poblaciones indigenas se mantuvo hasta 
rnuy avanzado el siglo XIX . Otro tipo de planta usado desde el siglo XVIII , 
fue la "alqueria" , edificio de un solo cuerpo , pero en dos pisos , ocupando las 
bodegas el  primero y las habi taciones el segundo , permitiendo con esta conquis
tada al tura , el  dominic visual de las faenas agricolas . 

Una nueva tipologia de arqui tectura del Val le  Central de Chile , surgira a medi� 
dos del siglo XVI I I  para extenderse en el siglo XX . Seran las casas de enormes 
proporciones como San Vicente de Tagua-Tagua , Quinta de Ti lcoco 0 San Jose del 
Carmen de Colchagua ( El Huique ) ,  en las cuales casas y patios ( algunas de 
ellas inc luyen hasta quince de estos ) han conformado una extension de unidades 
de adobe y tej as , formando llenos y vac ios que adquieren el  aspecto de verdade
ras casas-pueblos . 

El profesor Romulo Trebbi del Trevigiano en su libro : "Desarrollo y tipologia 
de los Con.iuntos R"�ales de la Zona Central de Chile , siglos XVI - XIX , ( 7 ) 
nos describe los tres conceptos formales y organizativos iniciales : 

EL Ri':LIGIOSO , en cuanto a su distribucion pareciera originarse en la de un 
claustro 0 convento ( b )  EL MILITAR que se manifiesta en la sol i dez de los muros 
exteriores casi sin ventanas en la planta cerrada y en el uso de cuerpos altos 
y torreones , y finalrnente ( c )  EL AGRARIO con el empleo de porticos para las 
faenas , la importanc ia dada a las bodegas y corrales y la anexion de vastas 
explanadas para los trabaj os . 

La forma del complejo arquitectonico es tara dada fundamentalmente por la explo
tacion propia del Val le Central donde se emplean porticos para protegerse del 
cl ima y para cobijar faenas de distinta naturaleza . Bodegas , corrales , llave
rias , casas de inquil inos , capilla , se reuniran junto al patio 0 los patios 
de trabaj o ;  sol idos muros de adobe cubiertos por grandes mantos de tej a ,  seran 
los elementos que Ie daran el caracter de unidad espacial al conj unto . 

DESARROLLO ESPACIAL 

La casa tradicional de campo adopta desde su inicio hasta fines del siglo XIX 
diversas formas que explicaremos mas adelante . 

"Cada propietario 0 administrador princ ipal , asumira en su oportunidad la res
ponsabil idad del arquitecto , uti li zando espontaneamente (0 quizas con determi
nantes es tablecidos por el lugar 0 las necesidades ) ,  tres tipos de espacios 
diferentes con los que organizaba el total del conjunto : las habitaciones , los 
corredores y los patios " .  ( 8 )  

Los volumenes presentan una rigida ortogonalidad , a l  ternando espacios llenos 
y vacios , representado por los sucesivos patios , ordenados casi siempre en cua
driculas , conectando todo 10 anterior por _ amplios y largos corredores que 
permiten anexar todo el conjunto , solucionand6 asi una alternativa de vincula
cion con caracteri sticas de espac io intermedio cubierto , pero abierto en uno 
de sus costados . 

"En contraste con la variedad de dimensiones y ocupaciones de los patios de 
la Casa , sus espac ios interiores son regulares , repetidos , salvo ( si los hay ) 
la capilla y las bodegas con recintos mas amplios . . .  los espacios interiores 
resul tan muy semej antes entre s i , con anchos , largos y altos que no superan 
los 5 0 6 metros . Estas medidas establecen en cada Casa , una especie de modulo 
estructural que se respeta en toda la edificacion , con raras excepciones , como 
en el comedor , en el salon , 0 en la sal a de juegos , donde la longitud es mayor 
por ser estos lugares mas representativos . Los dormitorios en camb io . . .  tienen 
las mismas caracteri sticas y son mul tifuncionales"  ( 9 )  admi tiendose con ella 
su calidad de diversidad de uso tanto en el  espacio como en el tiempo . 

Lo esencial de la ordinacion espac ial de los conjuntos se expresa casi si empre 
en las siguientes constantes : 

Un sentido del orden a partir de la ortogonali dad de la cas a ,  se prolonga a 
la regularidad en los patios , los cuadros del j ardin , el dibujo del huevillo 
en el suelo , los parrones , las calles y los caminos que l levan hasta los potre
ros cercados de arboles ; formas claras que producen una gran armonia de conj un
to dentro del marco general del Valle  Cen-i:ral .  
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"Espacios interiores de la  casa que no han sido creados para un fin determina
do , semejantes en proporciones , i luminac i6n y tamano , la funci6n que acogen 
les es indiferente , ora comedor , sal a ,  habitaci6n u oficina" . ( 10 )  

Repetici6n longitudinal d e  un m6dulo que formando conjunto recto , e s  capaz de 
resistir en los dos sentidos los esfuerzos principales . Estructura racional 
de muros y contrafuertes para un terri torio sometido continuamente a sismos . 
( 450 constante en el cambio de giro de los muros ) .  

"En una tierra de temblores constantes , seran necesarios muros anchos y de poca 
altura la mayor de las veces con contrafuertes laterales en aquellos cuyo largo 
es excesivo . Estas edificaciones se sostienen , mas que por resistenc i a ,  por 
la estabilidad de sus apoyos ; sera frecuente que coincidan los muros transver
sales de los recintos para colaborar en el amarre y contraventaci6n de las mu
ral las longitudinales . Esta condic i6n estructural sumada al concepto de casa 
fortaleza , se veran especialmente expresadas en l ineas continuas de muros ce
rrados en los cuales se abriran de trecho en trecho algunas ventanas y uno que 
otro port6n principal ; la greda cocida que se amoldara originalmente sobre el 
muslo de los operarios , seran a la pos tre los grandes mantos de tej a que cu
briran final mente la totalidad de la es tructura" . ( 11 )  

"Formas primarias de proporc iones s imples , facilmente reconoc ibles . Volumenes 
regulares ,  planos verticales e incl inados ; llenos que predominan sobre los va
cios , sucesi6n de pi lares y de vanos . La luz anima la obra , los muros se ilu
minan , el sol marca la huel l a  de la mane en el revoque de barro , textura que 
adorna la simplicidad de las superficies . La sombra se aisla en los vanos , 
en los aleros protectores y en la profundidad de los corredores " .  ( 12 )  

L a  homogeneidad de l color en los muros donde pre domina e l  blanco hace resaltar 
la masa del techo de tej as sobre la  casa , el cual mantiene casi siempre la  mis
rna altura . Ocasionalmente presentara diversas alturas que no al teraran la ho
mogeneidad del conjunto . 

La repetici6n de vanos en los muros , la sucesi6n de pilares y vigas en los co
rredores ;  crean un ritmo ordenado que recorre toda la  cas a .  El construir con 
adobe , teja de arcilla no impide que haya ligereza del conjunto , el gran peso 
del techo descansa en pilares delgados ; junto a la  mac isez del muro trabaj a 
la esbeltez de la madera . 

Un paso gradual del interior al exterior a traves de los corredores , patios , 
parrones y arboledas van abriendo progresivamente la intimidad de las piezas . 
Espacios intermedios que relacionan la pequena escala de la casa con la gran 
esc ala del paisaj e .  

L a  conexion de los espacios interiores s e  produce normal mente en e l  centro 
de las habi taciones relacionando virtual mente · todo el conjunto a traves del 
eje central . 

CONSTRUCCION Y MATERIALES 

La caracteristica constructiva de los volumenes que componen las casas son es
tructuras de cruj ia  simple con corredores a 10 largo de sus costados en una 
u otra orientacion , de preferencia norte y sur . Su cubierta de teja cocida 
a dos aguas sobrepasa con generosidad los bordes construidos . 

Los materiales provienen en su mayor parte de la propia hacienda , son senc i llos 
y familiares , son trabajados con herramientas tradic ionales de poca elaborac ion . 

Piedra de bo16n para los cimientos ; muros de barre y paj a ;  ( adobe amoldado en 
el mi smo sitio y el adob6n que se construye al mismo tiempo que se fabrica el 
muro ) ;  madera para labrar vigas , costaneras , dinteles , soleras , pilares , canes 
sopandas y tambien para los centr�s de puertas y ventanas . 

La arc i l l a  cocida , es empleada en las tejas y ladri llo  para los pisos . El pol
villo , mezcla de arcilla fina , recubre el adobe tanto en el interior como en 
el exterior de los muros . Finalmente estos son recubiertos por una capa de 
cal tinendo de blanco los edificios , dandoles asi unidad y buena apariencia 
al conjunto , todo ella dentro de una expresion senc i l l a , s in ornamentacion que 
la identifique en tiempo y estilo . 

"Los muros de adobe periferico y los de refuerzo interior varian entre O .  80m . 
y 1 . 20 m . , 10 que asegura una excelente ai slacion termica y acustica , generando 
un peso propio suficiente para resistir los esfuerzos sismicos a condicion de 
rigidizarlos a interval os regulares con muros transversales y que la pesada 
carga del envigado , tij erales , ensordinado y tej as de la cubierta , no los des 

estabil icen" ( 13 ) . Vanos pequenos ,  simetricos y no profusos en los muros-;
ayudan a los esfuerzos de traccion que pudiesen estar en algun momenta someti
dos . 

Las tecnicas empleadas para la construcci6n por los constructores an6nimos , 
se encuentran solo condicionadas por la tradicion l egada de generacion en gene
raC lon , asi como tamb ien por el uso probado y popularmente aceptado de aquello 
que es util y eficaz , sin vaguedad y que permite cal idades probadas . 
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History and Traditions II 

SIGNIFICADO Y EXISTENCIA 

Una de las caracteri sticas propias de la arquitectura vernacular es la persis
tenc ia en el transcurso y paso del tiempo , entendiendo to do ella como un espa
cio arquitect6nico que conforma un ambito de vida , de una sociedad determinada 
y que frente a las inevitables transformaciones cicl icas de la histori a ,  pare
ciera querer brotar inesperadamente para controlar el destino . 

"En su versi6n latina e1 termino "VERNACULUS" signifi c a ,  domestico-nativo . 
A su vez domestico nos ll eva a la palabra DO�lUS , casa residenc ia patriarcal 
y que nos recuerda el "dominicus " ,  el senor de la casa , ( el "PATER FAMILIAS" ) 
el usuario por derecho de tradici6n" . ( 14 )  

Asi l a  tradici6n vernacular nos transporta a l a  casa que encierra val ores cons
tantes de permanencia en el tiempo y en el espacio , en la  cual , Senor , fami lia , 
propiedad , tierra y tradici6n se confunden con el habitar , donde to do aquello 
permanece inalterable y transmisible . 

Una "FORMA" en el espacio que se traslada en el tiempo manteniendo el valor 
del espacio arqui tect6nico permanente ; valores que hablan del momento del espa
cio como cualidad intrins ica de este " tipo" de arquitectura . 

"Podemos considerar a nuestra arqui tectura vernacula como una manifestaci6n 
al parecer sencilla , general mente simple en sus soluciones estructurales ( y  
espaciales ) y que sin embargo , s e  desarrolla sobre bases formales y conceptua
les , ricas en soluciones diversificadas y hasta insospechadas que adquieren 
si empre una especial importancia hi st6rica por ser el resultado de una tradi
ci6n viva" . ( 1 5 )  De esta manera su fuerza principal y vitalidad de persisten
cia arqui tect6nica pareciera ser entonces "la  de preservar la memoria de los 
"tipos" 10 que no es poco si pensamos que el principal problema arqui tect6nico 
es justamente aquello del genesis de las formas y de la  relaci6n forma-conte
nido" ( 16 ) 

L a  lectura de la arquitectura vernacular constituira un medio de reconocimien
to de un panorama cul tural que ha estado siempre presente como 10 cotidiano ; 
10 domestico , aquello que tiene que ver con el uso diario y permanente , inmuta
ble al tiempo y que permanece en la memoria de los hombres sin al teraci6n y 
por 10 tanto merece la permanencia en el espacio y aportando al hombre su "ser" 
cul tural permanente . 

La arqui tectura vernacular , mas alla de sus expresiones propias , nos l l ama a 
reflexionar acerca de los val ores que el hombre contemporaneo va continuamente 
y sistematicamente marginando , avanzando rapidamente a un desequi librio cada 
vez mas dramatico entre el r i tmo del progreso tecno16gico y esa inevitable an
siedad de incorporarlo en la integraci6n de una nueva personalidad de ser huma
no . 

Es asi que estas expresiones que llamamos vernaculares ,  espacios arquitect6ni
cos , es tructuras simples , materiales tradicionales , herramientas directas , pa
recen invi tarlo a toda clase de esfuerzos para retomar el control de nuestro 
propio destino . En la casa tradicional de la Zona Central encontramos reunidas 
todas las consideraciones propias de 10 vernacular que permitiria con las mis
mas formas espaciales , materiales y tecnicas artesanales proponer un tipo de 
arqui tectura que recogiendo valores patrimoniales proyecte la permanenc ia de 
estos valores , hoy . 

En sintesis debemos reconocer que sin espectacularidades , el material de tie
rra , planteado con las caracteristicas antes senaladas , tiene confer ida una 
nobleza que se remonta al mismo origen de la habitabilidad y la ocupaci6n del 
Val le Central , haciendose por tanto merecedora de lograr su mas genuina identi
dad en todo momento . Es mas , es posible sostener que es alIi , en esa determi
nada relaci6n espacial-estructural ,  queda planteada una perspectiva de solucio
nes arqui tect6nicas diversi ficadas y hasta insospechadas , en una potenc iali
dad creativa al margen del tiempo y el espacio . 

N .  PARTES  CONS T R U C T I VAS  P R I N C I PALES  DE U NA  ANT IGUA V I V I E NDA T I P I CA DE ADOBE ( 2 3 )  
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TIPOLOGIA Y LENGUAJE DE LOS VALORES EXISTENTES ( 16 ) 

A VOLUMEN UNICO Ver plano A ( 2 0 )  

1 ) ESPACIO U n  solo espacio rotundo , estanco . Entrada j erarquizada por un eje  
de simetria . Simetria y equil ibrio otorgados por el eje  central . 

2 )  VOLUMEN Volumen unico , como portador de toda la concepcion . 

B VOLUMEN UNICO PERIPTERO Ver plano B ( 21 ) 

1 ) ESPACIO Espacio interior centrali zado , eje  central perforado , presencia 
del perimetro en toda su extension que impide la anexion de nuevos 
espacios . 

2 )  VOLUMEN Estructura periptera con volumen unico central . La primera definida 
por los pilares y la segunda por la masa . 

C VOLUMEN DE ALQUERIA Ver plano C ( 17 ) 

1 ) ESPACIO Dos ni veles ; espac ios interiores rotundos y es tancos . Ordenacion 
de "Alqueria" . El espac io intermedio exterior esta conectado en 
el 2° ni vel .  

2 )  VOLUMEN Unico en dos ni veles escalera exterior conecta primero y segundo 
ni vel . Sistem" . volumetrico permi te una extension organica . 

D PLANTA CUADRANGULAR EN r:J Ver plano D ( 21 ) 

1 ) ESPACIO Planta octogonal , cuadrado riguroso . Predominio de la linealidad 
en el orden del cuadrado y sus extensiones .  Modulo basico y cerrado . 

2 )  VOLUMEN Compuesto y organico permite su extension en diversas orientaciones .  
Espacio definido por una es tructura perimetral definida exterior 
y periptera interior . 

E PLANTA RECTANGULAR LINEAL EN ---- Ver plano E ( 8 ) 

1 ) ESPACIO L a  ley del desarrollo total esta en l a  linea demarcando l imite in
terior y exterior . 

2 )  VOLUMEN Unj co de simetria axial de ley de desarrollo formal en linea . 

F PLANTA EN L Ver plano F ( 21 ) 

1 ) ESPACIO Espacio exterior ; no conforma cerramento ; planta en "L"  con un lade 
dominante . 

2 )  VOLUMEN La disposicion volumetrica formula dos espacios definidos , norte
sur ; este-oeste . Sistema de circulacion paralela privada y publica 
exterior . Sistema en "L"  crea un espac io rotular estanc o .  

G PLANTA EN U ITer plano G ( 2 1 ) 

1 ) ESPACIO Espac io interior rotundo , estanco . 
Espacio intermedio se propone como estructurador de la idea cas a ,  

2 )  VOLUMEN El partido general es una "U" elemental enriquecida por la incorpo
racion de la topografi a .  Perspectiva visual en apertura . 

H PLANTA EN H Ver plano H ( 8 ) 

1 ) ESPACIO E l  partido e s  una "H" con adosamientos de volumenes varios y que 
genera todo el conjunto . 

2 ) VOLUMEN Volumen compuesto ; el patio central ; permite el crecimiento organi
co en toda su extension . 

I PLANTA EN Ver plano I (8 ) 

1 ) ESPACIO Planta dinamica con un centro ortogonal que define e l  giro . L a  ca
pilla y los volumenes que conforman el nodo , permiten un patio in
terior . 

2 )  VOLUMEN Volumen compuesto y tensional en diagonal . 
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J PLANTA EN + Ver plano J ( 8 )  

1 )  ESPACIO Espacio de caracter i stica l ineal ; 1 0  interior dentro de l a  casa 
y 10 exterior abierto fuera de ella , creando patios abiertos . 

K 

I 

VOLUMEN La disposicion volumetrica formula dos espacios definidos , norte
sur , este-oeste con un encuentro en su eje central . Volumenes adi
cionales a las alas principales , producen patios abiertos . Circu
lacion del eje principial es periferica.  

PLANTA CURVA 

COMO OBRA INDIVIDUAL Ver plano K I{ 8 )  

1 )  ESPACIO Uno solo , rotundo , estanco . 
Entrada j erarquizada que remata en el abside curvo . 

2 )  VOLUMEN Volumen ais l ado que participa de un conjunto complejo y total . 
Abside circular ( serni -circulo ) como remate del total del volumen 

II COMO OBRA DE CONJUNTO Ver plano K II ( 18 )  

1 )  ESPACIO Un solo espac io central trazado e n  circulo ; insinua l a  "trilla" 
o el "rodeo" , ambas fiestas de trabajo con animal . 

2 )  VOLUMEN Circular forman do un amplio patio central . Al tura significativa 
volumen unico lineal de vanos pequenos , ingresos e ilurninacion ( ca
bal lerizas ) 

L PLANTA MULTIPLE ( CASA PUEBLO ) Ver plano L ( 21 )  

1 )  ESPACIO Conformacion de infinidad de espac ios abiertos que definen su pro
pia especial idad con los mismos elementos tradicionale s .  

2 )  VOLUMEN Volurnen complej o .  El muro y la suma d e  patios interiores conforman 
el volumen total . 

M PLANTA DE PUEBLO ( CONJUNTO MULTIPLE ) Ver plano M ( 19 ) 

1 )  ESPACIO Conjunto que insinua una unidad lineal . Se entiende como un todo 
conformado a traves de dos ejes principales , norte-sur y este-oeste . 

2 )  VOLUMEN Conjunto de volurnenes de carac teristicas simi lares a los anterio
res mencionados . 
Se caracterizan por su angulacion y reunion en angulo de 90° ; Co
rredores y volumenes que forman espacios abiertos y cerrados . 

CONCLUSIONES 

Humberto Eco sostiene en su " Introduccion a la  Semiotica" ( 22 )  "que el obj eto 
arqui tectonico puede demostrar la funcion 0 connotar determinada ideologia de 
la func ion . El obj eto de uso es , desde el punta de vista comunicativo , el sig
ni ficante del significado , denotando exacta y convencionalmente que es su "fun
cion" , t el obj eto arquitectonico denota una funcion ) .  

La casa patronal que hablamos , reconoce en si misma un contexto de signos refe
ribles a un codigo conocido con 10 cual e l la puede representar sin incomodar 
o innovar un habitat agradable y funcional . 

Podriarnos anadir que la forma arqui tectonica puede tambien connotar otras co
sas , en el caso de la  cas a patronal , connota la  funcion "habitar" y que luego 
con el tiempo connoto ademas : "Fami lia" , "Nucl eo comuni tario" , "Nuc leo de tra
baj o"  , "seguridad" , "comunidad agricola" , "centro de la vida fami liar" , "nucleo 
de autosustento " ,  etc . Siendo que la casa denota "utili tas " a los fines de 
la vida asoc iativa , no es menos ci erto y de importancia que la valoracion de 
connotacion , que implica intimidad y famil iaridad unidos a los valores simboli
cos y existenciales y por 10 tanto espaciales , son de notable importanci a .  

D e  este modo la  casa campesina tradicional , que evidencia estas connotaciones 
simbolicas , se cons ideran func ionales no solamente en sentido metaforico , sino 
porque tambien comunican una util idad social que no se identifica inmediatamen
te con la " funcion" en sentido estricto . 

Cabe senalar final mente que en los casos arriba analizados , encontramos bases 
espaciales y conceptuales ricas en soluciones diversi ficadas y hasta insospe
chadas que adquiriran siempre una especial importancia historica y arquitecto
nicas dado el resul tado de una tradicion vigente . 
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ABSTRACT 

In England adobe buildings are 
found only in East Anglia and 
were introduced around 1800. 
The distribution of the 
buildings and the possible 
geological influence are 
illustrated and the processes of 
manufacture and construction are 
outlined. The range of building 
types and the properties of the 
material are described as well as 
the present trends in 
conservation. 

KEYIDRDS 

Earthen archi tecture, adobe, 
strength, conservation. 

Fig 1 
The areas of chalky boulder clay. 

Adobe 90 

CLAY-LUMP THE ENGLISH ADOBE 

Dirk Bouwens F .R. I . C . S .  
paperhouse 
west Harli ng 
Norfolk 
NRl6 2SF 
Uni ted Kingdan 

Introduction 

The topography of the British I sles is remarkably varied. Changes occur every 
70 km and in many places more frequently. The vernacular architecture changes 
in style and construction with the landscap� 

There are clay buildings in several regions. These are of monolithic 
construction formed either by placing a mixture of clay and straw on the wall 
and paring the face level after the mixture has partly dried, or by placing the 
mixture between boards. The former Iijethod is known as 'cob' or ' wichert' and 
the latter ' shuttered or puddled' clay. l l l  Adobe mud-brick construction is 
confined to the region of East Anglia i n  parts o£ the counties of Norfolk, 
Suffolk, cambridgeshire, Essex and Hertfordshirel2 ] where it is loosely related 
to the superficial glacial depos its of Chat�¥ boulder clays ( see Fig.l ) .  These 
are up to 60 m thick over chalk sub-strata. These clays vary in composition 
fran chalk mud with pieces of chalk mixed in to clay with pieces of chalk 
varying in size fran 1 mm diameter to over 25 mm diameter to clay containing a 
high proportion of sand with li ttle c�Jf. Canmonly the clay content varies 
around 1 5  percent of the total volume. suitable clays for making adobe 
occur elsewhere; why clay-lump, as this type of adobe is called locally, 
should be confined to one region is not known. 

The main area where clay-lump buildings occur measures approximately 60 km 
square and straddles the Norfolk Suffolk border. Further west is another area 
about 45 x 1 5  km around the city of cambridge. This area extends east into 
Essex. Further south are other areas in Essex (see Fig 2 ) .  Much work has 
still to be done in preparing the distribution map which is based on the 
writer's actual sightings and reports from several sources. The density of 
clay-lump buildings is highest in the centre of the main area, as is 
illustrated by the maps of the village of East Harling (see F ig 3) and the 
small town of Attleborough ( see Fig 4 ) .  

clay-lump was used in the construction o f  every type o f  building, fran 
boundary walls and the smallest outbuildings to small houses and at Bridgham 
Hall Farm, (Ordnance survey TL9 57 268) a large farmhous� In between are 
thousands of small- and medium-sized houses built detached, in pairs and in 
terrace� All types of agricultural buildings were built of clay-lump, and 
farmers are still using barns 50 m long by 7 m wide. Shops and public houses 
built of clay lump are canmon. Clay-lump was used for schools like the one at 
Thompson (O.S. TL 923 966) and for vicarages and parsonages such as at Hepworth 
(O.S. 983 7 52) .  There were two tower windmills known to have been built of 
clay. At Carleton Rode (OS TM 099 945) the solid clay mill was 1 5  m high and 

NORFOLK 

CAMBRIDGESHIRE 

Jiw."" 
HERTFDRDSHIRE 

Fig 2 
The general areas where clay-lump buildings are foun� 

La "" 
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Fig 3 
East Harling (population 2071)  clay-lump houses shown shaded. 

had f�Vn floors. It collapsed in 1958, one hundred years after i t  was 
built. 5 [ 1 The clay-lump wincimill at Attleborough (O.S. TM 053 949) collapsed 
in 1911.  6 Hingham waterrnill (O.S. TG 033 088) still stands and has been 
converted to a dwelling. The sterun traction engine shed at East Harling 
(O.S. TM 9 9 5 8 8 2 ) was 3 0  m long 7 . 5  m wide and had wa l ls 3 0 0  mm thick and 4 . 8  m 
high and was demolished in 1989. 

In the centre of the main region of clay-lump construction, it is rare to 
find any buildings built between 1 8 50 and 1900 which are not of clay-lump. 
Indeed for about 1 00 years clay-lump was the major walling material in this 
region ane7ras still being used in the 1 920s for public housing in a number of 
vil lages. clay-lump lost its supremacy to cheap mass-produced materials 
which were more durable and became more avai lable as the motor lorry replaced 
horse-drawn transpor� 

Beginnings 

John rBlcann has convincingly argued that clay-lump was introduced j ust before 
1800. He points out that whereas there are examples of buildings in other 
clay construction techniques from all periods, no clay-lump buildings before 
the early nineteenth century have been found. He also cites numerous writers 
who, in the first half of the nineteenth century, wrote in a way suggesting 
that clay-lump was an innovation. John McCann lists the reasons for the 
adoption of clay lump and expands on than : 

" 1 . The cottage movement stimulated an interest in 
low-cost construction combined with presentable 
appearance.  

2 . The rising price of timber provided an incentive 
to use alternative materials. 

100 0 100 
� -METRES 

72 30) clay-lump houses shown shaded. 



16 

Fig 5 
a. Clay-lump and mould 

b. Keyed clay-lump and mould 

Fig 6 
a. Tarred clay-lump wal l  

plastered one side ( section) 

b. Clay-lump wall rendered 
externally, plastered 
i nternally (section) 

c. Clay-lump wall with added 
brick facing (section) 

d. Clay-lump wall built with 
brick facing (section) 

e. 1 50 mm thick clay-lump 
internal wall (section) 

f. HoOp iron tie (sketch view)  

Adobe 90 

3. The tax on fired bricks introduced in 1 784 
provided an incentive to seek tax-free 
materials. 

4 .  Technical literature on building with unfired 
earth was available in 1 790  and in wide 
circulation by 1 797. 

5.  Foreign and classical influences .  

6 .  Agricultural improvements o f  the time required 
many new buildings in an area where other 
materials wef9i expensive owing to poor transport 
faci l i ti es . .. 

Manufacture 

The clay was dug as near to the building as practical. The clay for the 
counci l  houses at Garboldis��]and Attleborough was dug from what becrune the 
back gardens of the houses. The clay for the council houses at East 
Harling was quarried a short way from the site j ust over the brow of a sl ight 
ris� Insfeai of following the road the tumbrils took the direct route across 
the fields. 1 1  The clay was often dug i n  winter to allow the frost to break 
it up, to let water get i nto it and to take advantage of cheaper labour. 

Thr �lay was laid on a bed of chaff or straw to a depth of about 
2 2 5  mm. 1 It was covered wi th straw and ' trodden' by a horse, pony or 
donkey until the clay and straw were thoroughly mixed. Ray Shinfield who was 
a bui lding worker until he retired seven years ago was sometimes employed to 
make a few clay-lumps for repair work by R Hogg and Sons, a firm of builders, 
of coney weston and to do this an octagonal banker of scaffold boards was 
fi lled with clay and straw and the horse was led by a man outside the banker 
while another man threw water on to the mixture. [ lIre clay was ready i f  it did 
not fall through the tines of a fork when lifted. 

The straw mixed wi th the clay was usually barley straw, although 
Mr Claude H Thompson who was over 9 0  and had seen Ct1Y.Jlumps made said dried 
spear grass (Agropyron repens) was considered best. � other fibrous 
materials are also found but these probably got there by accident. The more 
chalk in the clay the less straw was used and the more sand present the more 
straw was used. Barley straw was cheap because the beard from the ears made 
it unsuitable for beddi ng animals. Harriet spr igg, who during the 19 70s 
largely rebuilt her clay-lump house and made the lumps that she needed, noted 
that the larger the proportion of straw in clay-lump the better it lasted when 
exposed to the weather. The straw may give some tensile strength to the clay
lumps when they are handled. 

Moulding the clay was done close to the the treading bed. The moulds 
were bottomless wooden boxes with handles at both ends and could be made 
wi thout nails (see Fig Sa).  Sane moulds were reinforced with iron straps 
fixed to the edges. I f  a key were required on the blocks, battens of wood 
were fixed inside the mould ( see Fig Sb) . The mould was placed on the ground, 
and the clay was placed inside the box, and packed into the corners with a 
shovel or fork, and scraped level wi th the mould which was immediately removed. 
Ray Shinfield dusted the inside of the mould with sand to prevent the clay 
sticking. Harriet Sprigg floated the moulds in water and used them 
alternately. The mould to be filled was placed close to the last clay-lump 
made. When the moulding was finished and the lumps had dried sufficiently 
they were turned on to their sides to prevent the blocks from distorting as the 
upper side dried. The clay-lumps would be turned again on to their ends and 
as soon as they were dry enough to be handled the blocks were stacked in open 
formation under cover to dry canpletely. Harriet sprigg noticed that the 
lumps were most vulnerable from rain for about two days after they had been 
made. After that moderate falls of rain had no harmful effec� 

Construction 

All external walls have a plinth between 1 50 mm and 1 2 00 mm high (See Fig 6).  
The plinths are of brickwork or flint rubble and sometimes have a split flint 
facing. The purpose of the pl inth is to check rising damp, however, its 
height seems to have been purely a matter of choice. The thickness of the 
pli nth was equal to the wall or i f  there was a course of splay bricks at the 
top about 50 mm thicker. Load-bearing internal walls sometimes have no 
plinths. Partitions of blocks laid on edge have plinths of brick on edge tied 
together with cut bricks (see Fig 6e). 

The mortar in which the clay-lumps were laid was usually canposed of the 
same clay as the lumps, but with the stones removed. Mortar joints were 
between 12 mm to 2 0  mm thick. Hydrated l ime (Ca(OH) 2 ) was sanetimes added to 
the clay. Edward Skipper used a l ime mortar for the counTil houses at 
Garboldisham because the blocks were not canpletely dried. 1 5] The blocks 
must be dry i f  clay mortar is used so as to absorb the moisture from the clay 
and prevent it fran being squeezed ou� 
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openings were formed as work progressed, with door frames placed in 
position against which to build the lumps. Lintels were of wood and were 
between 300 mm and 600 mm longer than the width of the opening. In sane 
houses it is clear that the windows were put in after the walls were complete, 
possibly to take into account any shrinkage in the clay. 

Floor joists were built into the wall and bore directly on the clay-lump 
or on a timber plate or on a single brick. The wall plate at the top of the 
wall on which the roof framing bears is usually substantial - 1 50 x 100 mm is a 
common section. 

Hearths on the ground floor are always of brickwork. On upper floors the 
openings are often of clay where a cast iron fireplace was fitted. Brick 
flues were always lined with clay because the condensates from the flue gasses 
attack mortar, and some flues were entirely of clay-lump. Above roof level, 
chimneys were always of brick. 

Clay-llli�p requires a cowering to protect it from the weather. Exposed 
clay-lumps gradually disintegrate at each fros� Water alone has little 
effect as the clay will absorb considerable amounts of water without damage, 
provided it can dry out. The most common surface treatment was tar, either 
coal tar (a by-product of gas and coke ovens) or hot bitumen. Both will craze 
as the oil in them evaporates, and these cracks allow moisture to escape. 
Although it is not used often on houses, tar is common on agricultural 
buildings and out-buildings and can b1fCfnted or rendered if sand is stuck to 
i t  while it is still wet ( see F ig 6a) . Renders were originally made of 
the same clay as the clay-lump, with short straw and other fibres added. The 
clay is put on in two 9 mm thick layers inside and thicker externally. The 
first coat is scratched to fonn a key for the second coat and lime putty was 
used as a finishing coat inside and sometimes outsid� Corners and reveals 
sometimes have wood beads. Lime-tallow paint provides a durable water
resistant finish which was applied directly to the lumps and over sanded tar 
as well as to renders. Nowadays cement renders laid on wire mesh fixed to the 
walls are used with modern waterproof paints instead of clay renders and 
l imewash. 

Many clay-lump buildings are faced with brickwork which was added to 
existing clay-lump houses over the original render (see Fig 6c). Hoop-iron 
ties fixed with 100 mm nails secured the brickwork to the clay-lump. The ties 
were bent over horizontal hoop-iron bands which were built into joints in the 
brickwork (see F ig 6f).  Some houses were designed to be faced with brick 
immediately and have the facing brickwork bonded to the plinth (see Fig 6d). 
On the public housing in Attieborough (O.S. TM 038 947) the swan-necks of the 
cast-iron rainwater pipes are built into the brickwork which shows that the 
roof and gutters must have been completed before the brickwork facing was 
finished. Fl int rubble with brick dressings was also used as facings. 
Research is hampered by the apparent similarity of such walls to walls 
constructed of solid flint work. 

A small number of clay-llli�p buildings still have roofs of thatch. Thatch 
was often replaced with fired clay pantiles which together with natural stone 
slates are the most common roof cowering. Roofs on clay-lump buildings 
usually project over the walls and, because clay-lump gables are difficult to 
make stable, are often of low pitch or of hipped construction. 

properties 

Clay-lumps were Inade in a number of sizes: 

A.  65  x 9 0  x 2 1 5  mm 
Similar to unburnt bricks except that the chalk in the clay would prevent 
its being fired. 
Used on chimney stacks and as backi ng bricks to facing brickwork. 

B .  140 x 140 x 295 mm 
Found in a chimney stack. 

C. 140 x 140 x 440 mm 
Used to make internal load-bearing partitions at the public housing at 
Garboldisham and by Harriet Sprigg who could not lift larger blocks. 

D. 140 x 2 1 5  x 440 mm 
The universal block used to make walls 2 1 5, 140 and 440 mm thick. 

E .  140 x 295 x 440 rom 
Used to make walls 1 4 0 ,  295 and 440 mm thick. 

F .  21 5 x 2 1 5  x 440 mm 
Although this size has often been reported [ 1 7 ] The author has never seen 
one . 

pne clay-lump measuring 140 x 2 1 5  x 440 mm weighs about 25 kg or 1 576 
kg/m . That clay-llli�p can be used on edge or on bed suggests that there is no 
compression in the manufacture of the block. 
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The Department of Scientific and Industrial Research, Building Research 
Board recommends "a raft-mum compressive strength of 1 .08 - 1.30 N/mm2 ("1 0  to 
12 tons per sq ft")". 18  Tests carried out at Norwich city College of 
Further and Higher Education on 5 October 1987 on four clay-lumps taken from an 
internal wall resulted in failure at an average pressure of 1 .58 N/mm2 (14.6 
tons per sq ft). In order to obtain the samples which were tested two workmen 
working from both sides of the wall wi th 1.8 kg hammers and bolsters took 6 
minutes to fragment one clay-lump. Nails driven into clay-lump like those 
which secure the hoop iron ties require a pull of at least 3 0  kg to remove 
than . 

Lime was burnt locally �an chalk which produced a mortar with a safe 
crushing strength of 0.5 N/mm [xl clay-lQmp was therefore as strong as 
brickwork built with this mortar. 

conservation 

The cob and wichert buildings of the southwest and the midlands are thoroughly 
surveyed and protected. The same cannot be said of clay-lump. Its 
conservation is a sorry tale of ignorance and neglect, although this situation 
is being changed through the work of a small number of people by lneans of 
lectures and the publication of articles. In the united Kingdom buildings are 
legally protected when included on the list of "Buildings of Special 
Architectural and Historic Interes�, .[£OJ A small number of clay-lump 
buildings are on the list but this is chiefly because of their architectural 
i nterest; very few are listed soley because of their structure. The 
demolition of the public housing at Garboldisham in 1 9 8 7  and the traction 
engine shed in East Harling before they could be listed has resulted in other 
clay-lump buildings being listed. The authorities now seem much lnore 
responsive to the protection of such buildings. 

The attitude of the Inortgage companies has changed in recent years so now 
clay-lump houses are regarded as good securi ty. This has helped change the 
commonly held view that clay-lump is an inferior material since public 
perception is based on the few dramatic collapses which do occur. In every 
case water had got into the clay and in several recent cases structural 
alterations were being made. portland cement based renders crack and let 
water in but not out. Similar less marked effects are caused by modern 
waterproof paints. 

In the case of brick faced buildings the hoop iron ties eventually rust 
and fail. The traditional repair is to replace the brick veneer. The patent 
devices for repairing similar defects in modern walls of cavity construction 
are effective on clay-lump walls. 

The society for the Preservation of Ancient BUildingf rft out the 
principles of the proper repair of clay buildings in 1929 2 but is only now 
in the process of preparing a leaflet on the subj ec� Cambridgeshire County 
Council has such a leaflet; other authorities expect to follow. The 
universities of Bristol, York and East Anglia have all included clay-llli�p 
buildings in conservation conferences. 

conclusion 

The author's own work in preparing the distribution map is far from complete 
and only identifies the range of clay-lump buildings. conservation can only 
be hit or miss until the number and density of the buildings is known. Nearly 
all clay-lump houses are l ived in and the vast Inajority are owner occupied and 
wil l  have a secure future when the public understands the di fferent 
requirements by way of maintenance and repair. Agricultural buildings have a 
less certain outlook. The success of clay-lump as a building material in what 
might seem a hostile climate should encourage those concerned about the high 
cost of modern wal ling materials in terms of the energy consumed in their 
manufacture and distribution. 
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ABSTRACT 

The paper deal s  with a 
carbonate-soil -based 
traditional bui lding 
technique frequently used 
in one of the easternmost 
regions of the Republic 
of Cuba , its historical 
evolution , present 
situation , construction 
mistakes most commonly 
encountered and the most 
rational solutions for 
both buildings and 
maintenance . Emphasis is 
made on the economical 
and environmental 
benef its of this building 
technique for different 
kinds of architectural 
programs . The need to 
disregard certain 
sUbj ective barriers 
regarding its use is also 
underl ined , since weather 
proofing solves earthen 
architecture ' s  most 
commonly s ignaled 
drawback . 
Recommendations for the 
extended use of this 
technique within and 
beyond Cuba are also 
included . 
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Introduccion 

En la region de Puerto Padre , al norte de la provincia Las Tunas , 
al este de la Repupl ica de Cuba , se construyen viviendas 
economicas y otras construcciones con una insolita tecnica 
denominada localmente como obras de "coco" 0 de mampuestos . Esta 
so lucian es similar al tapial ( "pise de terre" )  y consiste en la 
compactacion de un material cal i z o ,  convenientemente humedecido , 
en forma directa en el muro con el auxil io de guarderas de madera 
o metalicas ( Fotos 1 y 2 ) . Determinados suelos cal izos de la 
region , conocidos como "coco" , ofrecen un buen comportamiento 
constructivo , ya que sin ningun aditivo logran alcanzar despues 
de diez semanas resistencias superiores a 2 6  Kg/ cm2 . Este 
endurecimiento se origina en la cristalizacion del carbonato 
humedo consolidado en un proceso similar al de la formacion 
natural de algunas rocas . Una vigor os a compactacion es la 
condicion basica para obtener la resistencia requerida capaz de 
garantizar un buen comportamiento ante el severo regimen de 
lluvias tropicales sin acudir a terminaciones como resanos y 
pinturas .  Estas obras de "coco" resuelven uno de los mayores 
inconvertientes para el uso de la tierra en construcciones que 
radica en su l imitada resistencia ante los agentes atmosfericos . 
Es este , el manido argumento que se le ha sefialado casi a nivel 
ecumenico para l imitar 0 rechazar el  uso del mas abundate y 
economico material de construccion : el suelo . 

Caracteristicas del Suelo Apto 

Internacionalmente se conocen por suelos cal i zos los que 
presentan una alta concentracion de carbona to de calcio ( CaC03 ) 
en todo el perfi l .  Generalmente s e  trata de sue los j ovenes 
formados sobre calizas blandas y margas que han retenido un alto 
por ciento del carbonato de calcio,  en algunos casos como 
particulas y fragmentos de rocas calizas , pero principa lmente 
como carbonato de calcio gredoso 0 blando , mas 0 menos dispers� 
en la masa del suelo . En la zona en cuestion , los suelos perte
necen a la era geologica del neogeno . El "coco" es un eluvio de 
caliza con igual 0 mas del 7 0 %  de carbonat·o de calcio en su 
composicion. l ibre de materias organicas. color blanco y olor 
caracteristico cuando se humedece . En la region aparece como 
bolsones por debaj o  de la capa vegetal ,  y ,  en algunos casos , baj o  
formaciones rocosas calizas superficiales conocidas como "diente 
de perro" por su textura muy afi lada . 

Origen y Evolucion 

La incorrecta denominacion de mampuesto nos ayuda a develar el 
hilo de su origen . Los legendarios muros de mampuestos han sido 
ej ecutados con piedras irregulares unidas con un mortero de arena 
y cal . En Puerto Padre el mas notable ej emplo de su uso el es 

VIVIENDA DE "COCO " CON COLUMNI TA S  PREFABRICADA S  
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Fuerte de la Lorna ( Fotos 3 y 4 ) construido por los espanoles e l  
siglo pasado como parte d e l  sistema defensivo costero . El mismo 
fue recientemente restaur ado y ostenta la distincion de Monumento 
Arquitectonico Nacional .  originalmente en iH se empleo el " coco" 
como e l emento de union de las piedras calizas lograndrose un 
hermoso e fecto de color y textural rugosa uniformes ( Fotos 5 y 
6 ) . Su curiosa volumetria exalta la fuerza continua de los muros 
cilindricos , con una expresion muy organica , a la vez solida y 
desenfadada , como brotada de la lorna , pues en su concepcion 
general se emparenta mas a las vanguardias del diseno 
contemporaneo , que al academicismo imperante en la epoca . 
Tambien en e l  casco historico del poblado abundan las 
construcciones de mampuestos , aunque siempre con las superficies 
resanadas y pintadas . Sin embargo el nuevo aporte constructivo 
aparece en las zonas campesinas . AlIi  se modifico la vivienda 
t ipica conocida con su nombre indigena : "bohio" . Este se 
construia a 10 largo de la isla aprovechando integralmente 
determinadas palmaceas , principalmente la palma real . El bohio 
se construia a partir de un esqueleto de palos redondos ( varas ) 
enterrados en e l  sue l o ,  con una cubierta muy inclinada de hoj as 
de palma ( guano) y paredes con la corteza endurecida de su tronco 
( tablas de palma) 0 la resistente prolongacion de la hoj a que la 
f i j a  a l  tronco ( yagua ) . leual tecnologia apropiada desarrollaron 
los constructores campesinos? Tomaban el " coco" que extra ian de 
los pozos para el agua y la letrina sanitaria y con el  levantaban 
los muros de su bohio con un espesor de unos 2 5cm , invirtiendo 
las proporciones del mampuesto , es decir , aumentando e l  
aglomerante y disminuyendo las piedras que generalmente aparecian 
mezcladas en el suel o .  Se introducen las guarderas de madera 
para conformar los muros . En a lgunos casos se combina con el  
esqueleto de palos redondos . Surgen los primeros bohios de 
" coco" . La cubierta continua siendo e l  tipico guano . Sus 
ventaj as son sus mej ores condiciones sanitarias y su adecuacion 
climatica , pues es tan fresco en verano como el  bohio 
tradiciona l , pero resulta mucho mas confortable termicamente en 
el  invierno . El " coco" tambien es utilizado para consolidar los 
pisos de tierra . 

Deficiencias y Mantenimiento 

Su eficiente res istencia al intemperismo , como ya se ha senalado , 
depende de la compactacion . En e l  ano 1 9 6 2 , cuando un cic16n 
tropical de gran intensidad asolo la zona durante varios dias con 
fuertes l luvias , pocos fueron los casos de colapso de estas 
construcc iones . Sin embargo la accion combinada del agua y el  
viento debi l ito las aristas de las ventanas y las esquina s ,  
erosiono a lgunas secciones d e  l o s  muros donde dej o la piedra a 
vista y solo en muy pocos casos produj o ahuecamiento . Este 
comportamiento reflej a sus dos puntos debiles ; la falta de un 
diseno redondeado en las aristas y la dificultad en obtener una 
compactacion manual uniforme debido a la tecnica tan primitiva a l  
uso , que n o  ha introducido pisones sino u n  madero corto . Vease 
erosionada una vivienda construida hace 2 0  anos ( Foto 7 )  con 
muros de 2 5 cm de " coco" sin resanar y techo de hormigon armado . 
El proceso de mantenimiento ( Foto 8 )  acude a un s imple mortero de 

FUERTE DE LA LOMA EN PUERTO PADRE 
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COMPA CTACI ONES DEFICIENTES 

COMB INA CION CON LADRILLO 

I 
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arena y cemento que se adhiere sin dificuldad y recupera la forma 
perdida . Lo mas importante es que en ningun caso existen fal las 
de orden estructural que puedan provo car derrumbes .  Esta es una 
vivienda atipica , pues ya es practica general izada proteger los 
muros con resanos 0 emplear una pintura cementosa . 

Un Nuevo Enfogue 

En los ultimos afios se ha modoficado el uso de este material que 
consiste en su combinacion con otros , principalmente columnas de 
11 X 1 1cm producidas regionalmente segun un catalogo nacional . 
Estas columinitas estan concebidas para un prefabricado l igero 
donde se combinan con paneles de pequefia dimension sin refuerzo 
para estructurar muros , cercas y similares . El las son colocadas 
en la esquinas ( Foto 1 y 2 )  Y en otras posiciones estrategicas . 
Las guarderas se sustentan sobre el las manteniendo e l  espesor de 
1 1cm . Una cuidadosa compactacion permite inclusive mantenerlo a 
vista . Una variante de esta solucion le afiade una pequefia 
cantidad de cemento ( 3  a 4 % )  para aumentar su durez a .  Con este 
nuevo enfoque , si  bien se superan sus deficiencias mayores , 
continua siendo un procedimiento sumamente agotador para el  
hombre . Por e j emplo,  la compactacion con pisones en la parte 
alta y f inal del muro despues de varias horas de labor produce 
una gran fatiga fisica que atenta contra la cal idad de la 
terminacion . Aun asi , se estan construyendo numerosas viviendas 
en cooperativas y comunidades campesinas . 

otro enfogue muy curiosa es la combinacion aparentemente 
arbitraria con muros de ladrillos ( Fotos 9 y 1 0 ) . siempre se 
mantienen las columnitas como elemento de transicion y refuerzo 
de las esquinas . En el  ej emplo de la biplanta donde emplearon el  
"coco" en los baj os y e l  ladrillo en los altos ; a contrapelo de 
la logica constructiva , la solucion es todavia mas insolita . El 
constructor argumenta con la disponibilidad coyuntural de 
materiales , ya que tanto e l  "coco" como e l  ladrillo debe 
trasladarse en camiones al lugar , y el resano final unificara e l  
conj unto . 

continuar Perfeccionando 

Recientemente se ha experimentado con la fabricacion de bloques 
compactos de " coco" con muy satisfactorios resultados . Para su 
ej ecucion se emplea un modele experimental de prensa mecanica de 
disefio cubano . Esta comprime con doble accion y su cofre es 
intercambiable 10 que facilita ej ecutar piezas de formas 
diferentes tanto compactas como ahuecadas . Se han obtenido 
resistencias siempre superiores a 30 Kg/cm2 despues de las diez 
semanas . Su mayor ventaj a  radica en una maj or garantia de 
cal idad , e l iminacion de las columnas armadas y la humani zac ion de 
trabajo  a pie de obra . Tambien puede completarse su uso 
integral ,  pues la cubierta puede construirse con una boveda de 
bloques convenientemente impermeabilizada . La cimentacion con 
ciclopeo de " coco" (mampuestos ) completaria el esquema 
constructivo que obvia la viga de zapata y reduce el uso del 
hormigon armado solo a la viga de cerramento superior . 

ERO S ION EXTERIOR Y REPA RACION CON MORTERO 
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Actualmente se ej ecuta una vivienda experimental con este 
proyecto . 

otros Programas Arguitectonicos 
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Hasta ahora su uso dominante se reduce a las viviendas economicas 
y a lgunos ej emplos de paradas de omnibus y pequenos locales 
comerciales . No obstante , por sus indudables ventaj as economicas 
recomendamos extender su empleo a otros programas afines como 
cabanas turist icas , pequenos moteles , locale s ,  sociales y ademas 
en otras construcciones que demanda el agro : pequenos a lmacene s ,  
cercas , canteros para hidroponicos , naves d e  cria y otros . 

; Inconvenientes? 

El  mas pel igroso inconveniente que debe enfrentar esta tecnica es 
de orden subj etivo : es el  prejuicio general i z ado que asocia las 
obras de prestigio y calidad con las tecnicas y materiales 
tradicionales , y considera las construcciones con suelo como 
precarias y ,  por tanto , sin prestigio . Razonamiento equivocado , 
ya que sus posibilidades constructivas permiten disenos de la 
mej or calidad tan imperecederos y val idos como el logrado con 
mampuestos en el Fuerte de la Lorna . Por suerte en la region , 
esta inercia subj etiva esta decl inando , pero e l  "coco" abunda en 
muchas otras regiones el pais y resulta necesaria una inteligente 
campana divulgativa para introducir su uso como una de las tantas 
soluciones constructivas disponibles . 

Valoracion Economica 

Aventa j a  a las otras tecnicas en uso por la sensible disminucion 
de los costos provocada por los infimos consumos energeticos , la 
mej ora del con fort temrico de los espacios y la practicamente 
inexistente afectacion al medio natural .  El costo de una 
vivienda de " coco" se estima que es un 4 0 %  menor que una de 
columnitas y paneles . Quiere decir que con e l  presupuesto de 
tres viviendas se pueden ej ecutar c inco de mej or cal idad . Pero 
si la obra se realiza por autoesfuerzo las ventaj as son 
superiores ya que el costo de materiales es reducido y si se 
emplea la cubierta en boveda , la cantidad de cemento y acero es 
minima . 

Conclusiones 

continuar perfeccionando las tecnicas en uso ,  insistiendo 
principalmente en la fabricacion de bloques , las soluciones de 
cubierta y la disponibil idad de sue los aptos . 

General i z ar estas experiencias a otras regiones del pais que 
cuenten con sue los adecuados , estableciendo una intel igente 
campana de divulgacion . 

Tambien puede ser posible que estas tecnicas sean del 
interes de otros paises tropicales con los que estamos dispuestos 
a co-laborar . 

UNA TECNICA ADECUADA AL TROPICO Y MUY ECONOMICA 
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ABSTRAcr 

1 • 

2 .  

Obj ecti ves : 

a. Collect the knowledge 
on "Earth Based" con-
struction technology 
that exist in Antigua 
Guatemala as part of 
the culture inherited 
from generation to ge-
neration. 

b. Use this knowledge in 
current investigations . 

c. Oombine and apply the 
knowledge to the res-
tauration of colonial 
adobe buildings in 
Antigua Guatemala. 

Methodology: 

a. Consult authors of pre
vious "earth" architec
ture investigations . 

b. Contribute with personal 
experience from 1 0 years 
of field work in the 
restauration of the 
cultural heritage of 
Antigua Guatemala. 

c.  Tests and essays on 
Granulornetric Composition 
and general characteris
tics of earth materials. 

3 • SI.lllll1arY: 

Adobe used in Antigua Guatemala 
Granulornetric composition, ge
neral characteristics of earth 
material , construction systems, 
adobe in colonial buildings , 
deterioration agents . 

4. Conclusions : 

Intervention, preservation, 
consolidation, conservation, 
restauration, maintenance of 
adobe colonial buildings . 

KEYWORDS 

Mound of earth , adobe , 
wattle and daub , rammed 
earth wal l .  
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RESTAURACION DE AOOBE EN EDIFICIOS CXJ[£NIALES DE ANTIGUA GUATEMALA 

Mario Ceballos 
Maestria. en Restauracion de Monurnentos 
Facultad de Arquitectura, Universidad de San Carlos 
Ciudad Universitaria, Zona 1 2 . Guatemala City. 

1 • Introduccion 

1 . 1 Justificacion 

La construcci6n de tierra sin cocer en Guatemala y en general en Arne!rica data 
de epocas muy lej anas , incluso pre-hispanicas , existiendo hasta ahora ves
tigios arqueol6gicos muy importantes entre los que cabe senalar particularmen
te Kaminal JuyU en Guatemala, Chan-Chan, en Truj illo, perU, Taos y Las Cruces 
en Nuevo Mexico y otras . Con la conquista del territorio par parte de los 
espaiioles , se incorpora a la tecnica constructiva del viejo mundo, el usa del 
adobe y tierra sin cocer en edificios con las caracteristicas propias de la 
cultura occidental como los del Manierismo y el Barraco . 

Es par ello que consideramos sumamente necesario apartar todo conocimiento 
adquirido en los cursos de la maestria en Restauraci6n de Monurnentos de la 
Facultad de Arquitectura, de la USAC, a la restauracion de un material que 
habia sido utilizado tan eficazmente en Guatemala, y que continna usandose, y 
se seguira usando en el futuro par muchos anos , 10 cual justifica plenamente 
todos los esfuerzos de investigacion que se hagan para mejorar la tecnologfa 
de Restauracion de ese material . 

1 . 2 Delimitacion del tema 

Estudiarenos en 10 pasible desde los tipas de suelo existente en Guatemala, su 
naturaleza, su oomposicion granulornetrica, as! como las pruebas y ensayos 
para evaluar las caracteristicas del suelo para hacer adobe 0 restaurar el 
ya existente. 

Tambien nos propanemos describir los sistemas de construccion de tierra sin 
cocer que se usan en Guatemala, como 10 son el tapial , el adobe, y el 
bahareque . 

Los materiales utilizados para construir con estos tres sistemas asi como las 
causas de deterioro de los mismos . Y como conclusiones nos propanemos indicar 
cuales deben ser los procedimientos y las tecnicas adecuadas para su conserva
cion y los procesos de intervencion. 

1 . 3 Obj etivos 

El objetivo fundamental de esta investigaci6n de construccion y restauracibn 
de AOOBE en edificios coloniales de la Antigua Guatemala, es recuperar en 10 
pasible los conocimientos que sobre las tecnologias de tie=a existen como 
acervo cultural de sus pabladores , sumando a ello los conocimientos tecnol6-
gicos modernos ,  para contar con tecnicas mej oradas que permitan hacer inter
venciones en los Bienes CUlturales Inmuebles , sobre todo ante las continuas 
acornetidas teluricas , tan frecuentes en este pais .  

1 .4  Metodologia 

La metodologia a seguir esta basada en la investigacion cientifica de varios 
autores , tanto nacionales como extranj eros que han dedicado horas de su vida 
a la Arquitectura de tierra . Tambien apartamos de la propia experiencia en el 
campo ya que tenemos 1 0 ai'ios de ser restauradores de bienes cul turales en la 
Antigua Guatemala y en el Interior del Pais ,  en donde hemos tornado algunos 
ejemplos graficos asi como datos estadisticos . 

2 .  Contenido: 

2 . 1  Los sistemas constructivos de tierra sin cocer mas usados en Guatemala y 
sus usos : 

2 . 1 . 1  El tapial : 

Este sistema consiste en a�isonar tierra hDmeda dentro de un encofrado de ma
dera deslizante . Fue utilizado par los indigenas antes de la llegada de los 
espanoles quienes ya 10 conocian parque era utilizado con frecuencia en su 
tierra de origen. El tapial fue utilizado par los indigenas principalmente 
para muros exteriores de separacibn entre linderos, asi como para construir 
mural las en algunas ciudades importantes , ya que se conocen ej emplos ( Iximche, Gumarcah) en donde se alcanzan tres metros 0 mas de altura . 

En nuestros dias tambien sigue siendo utilizado el tapial para construir pa
redes de colindancia. En los alrededores de Antigua Guatemala cas! todas las 
fincas y propiedades principales estuvieron cercadas par muros de tapial que 
algunas veces tienen 0 . 80 metros de ancho par 2 ;00 metros de alto y con una 
cubierta triangular en la parte superior para protegerse del agua y que se 
llama "albard6n" . En algunos lugares de Antigua Guatemala tambien se conoce 
la utilizacion del tapial como relleno constructivo en muros de piedra corn-
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binada con ladrillos , donde algunas veces la estructura principal es una ar
queria y los muros de los rellenos son los tapiales . 

2 . 1 . 2 El adobe 0 rnampuesto: 
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Es probable que este sistema sea el maS popular en la Antigua Guatemala y sus 
alrededores y el mas utilizado desde antes de la llegada de los conquistado
res espanoles hasta nuestros d{as . Consiste en la fabricacion de rnampuestos 
de tierra cruda . El nanbre mas popular es el de "adobe" en toda latin�ica, 
aunque es de origen �abe. En el altiplano guatemalteco tambien se le conocio 
con el nanbre de "chan" . 

La fabricacion mas conocida de estos ladrillos de tierra cruda consiste en re
llenar un molde de madera con barro, luego se deSl10lda y se dej a seear durante 
cierto tiempo que varia de cuatro semanas a dos meses, segUn las condiciones 
atnosfericas . 

En cuanto a las dimensiones mas utilizadas , se han encontrado en Antigua piezas 
de 0 . 1 0  x 0 . 30 x 0 . 60 metros y de 0 . 1 0  x 0 . 20 x 0 . 40 metros . Su uso mas fre
cuente es el de levantado de paredes de 2 . 50 a 3 . 00 metros de altura y se han 
dado casos de construcci6n de dos niveles . 

Es de hacer notar que hasta hace algunos 1 0  aI'ios , el 75% de las vi viendas en 
Antigua Guatemala y sus alrededores estaban construidas con rnamposteria de 
adobe ( 1 0 ) . 

2 . 1 . 3 El bahareque: 

El nanbre de este sistema, muy conocido en Guatemala, tambien es de origen 13-
rabe y se popularizo mucho en la vi vienda popular en las zonas de clima c6.lido 
debido a su fragilidad, ya que el techo permanece soportado por otra estructura . 

En el �ea de Antigua Guatemala este sistema es utilizado con frecuencia para 
tabiques interiores de una construcci6n, ya que la estructura principal es por 
10 general un marco de madera 0 de caiia. Existen dos variantes muy conocidas 
del bahareque: 

1 .  El sistema de relleno de una estructura independiente de madera reforzada 
con alambres 0 cinchos de cuero, a la que solo se agrega el barro para formar 
el paramentoj y 

2 .  El sistema de una estructura de madera ( piezas de 2" x 3" ) dentro de la 
cual se levanta con adobes puestos de canto ( 1 1 ) .  

2 . 2  Usos del adobe en edificios coloniales de Antigua Guatemala : 

2 . 2 . 1  El tapial fue muy usado en los edificios coloniales en dos formas : 

A. En muros de colindancia para separar propiedades en "muros de colindancia" , 
"linderos" 0 "paredes medianeras" COlOC) se les conoce popularmente. 

El sistema constructivo es el de apoyarlos en un cimiento de piedra, 0 un sobre
cimiento y luego empleando moldes 0 formaletas rellenandolas con tierra ap� s 0-
nada hasta una altura aproximada de 3 varas castellanas ( 0 . 84 ) equi valente a 
unos 2 . 50 mts • •  

Actualmente se pueden ver todavia por toda la ciudad de Antigua Guatemala no 
solo en propiedades pri vadas , sino en los conventos y monasterios como por e
jemplo en la Recoleecion. 

B.  Fue utilizada tambien como elemento de relleno en las grandes estructuras 
de paredes , 0 entre los marcos estructurales , formando un esqueleto de rnampos
ter!a y rellenando con tierra apisonada, tal es el caso de la mayor parte de 
los edificios religiosos de la Antigua Guatemala. Contandose entre ellos la 
Recoleecion que tiene muros de 1 7  varas castellanas de altura ( ± 1 5  mts . ) .  Otro 
ej emplo muy a la vista es el de el convento del siglo XVI de San Francisco El 
Grande. Por abandono y falta de mantenimiento quedan al desnudo dichos tapiales . 

2 . 3 . 2  Los rnampuestos 0 adobes COlOC) se les conoce en Guatemala fueron utilizados 
mas que todo en la construccion de muros de colindancia y en muros de carga 
pero en viviendas de tipo popular y tambien en la arquiteetura v ernacula. 

En muchas ocasiones' tambien se utilizO en la construccion de algunos edificios 
religiosos 0 en casas de 2 niveles pero se popularize mucho este sistema sobre 
todo en el altiplano; como un ejemplo podemos citar la iglesia del cementerio 
de Chichicastenango dedicada al padre ROSSBACH . 

2 . 2 . 3  El bahareque , mas que todo fue utilizado en la arquiteetura popular y 
vernacula para construir muros divisorios entre ambientes 0 bien en segundos 
niveles para "aligerar" la carga en el entrepiso. - Tambien podemos deeir que se 
extendie su uso en el altiplano aunque en el oriente y en el norte (Depto. de 
Chiquimula 0 el peten) se utilizo como muros de exteriores de las viviendas a 
igual manera que los muros divisorios 0 de tabicacion (ver fotos ) .  



La utilizacion de tapiales en la 
construccion colonial , Convento 
Franciscano del Siglo XvI , Antigua , 
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Recoleccion , as! carro en muchas 
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2.2.4  La Recoleccien de Antigua Guatemala : 

Se utilize como relleno en los esqueletos estructurales, aunque por el buen 
estado de conservaci6n de los repel los es dificil distinguirlo, en los muros 
del convento 0 de la iglesia, pero su uso mas extendido fue en los muros peri
metrales de la propiedad recoleta, ya que por azolvamientos continuos del rio 
Magdales, el terreno se Ie ha visto constantemente inundado y los muros han 
sufrido muchas alteraciones causadas por las h umedades y cuyo efecto ha sido la 
caida de los repel los afectandole directamente a los tapiales que se han visto 
afectados por todo tipo de agentes de deterioro. 

2 . 3 . 5  Agentes de deterioro: 

-HUMEDAD 0 AGUA - POLVERULENCIAS - ESFOLIAClOOES - INSEX::roS - MICROORGANISr-DS 
- MACROFLORA - HUMANOS 

3 .  Oonclusiones : 

3 . 1  Procesos de intervencio'n :  

De acuerdo a las normas internacionales vigentes subdiviremos las intervenciones 
en tres grupos principales : 
* PRESERVAClOO 
* COOSOLIDACIOO 
* COOSERVAClOO 
* MANTENIMIENID 

La primera conclusion es detectar los deterioros, estudiando sus causas y dando 
un diagnostico de que esta sucediendo con el muro y por thtimo dar su dictrunen 
de como intervenirlo, de donde tenemos : 

3 . 1  . 1  Preservacion: 

Es de suma importancia las labores de preservacion de un edificio detectando 
inmediatamente cualquier alteracion 0 deterioro y encargar al tecnaco adecua
do 0 especializado para iniciar una intervencion. 

La segunda conclusion es que una vez detectada y cortada la causa de deterioro, 
deber� hacerse la intervencien adecuada para cada caso, mencionamos los mas 
comunes : 

a . - Repellos b . - Muros sin albardo'n 

a) Repellos : 

1 .  1.0 primero es establecer la proporcion del repel.lo original , es decir con 
que proporciones fue fabricado. 

2 .  Se retira todo el material ( repello) en mal estado 0 desprendido . 

3 .  Se limpian con brocha 0 cepillo de fibra natural las superficies expuestas 
y toda la zona que va a entrar en contacto con el nuevo repello. 

4. Se inicia la colocacion del nuevo repello colocando una capa muy liquida 
que puede aplicarse con brocha carro si se tratara de pintura, ( se recomien
da hacer esto principalmente en tapiales ) .  

5 .  Se van agmgando con cuchara las subsiguientes capas guardando similitud 
con el grosor del repello existente. 

6 .  Se recanienda dej ar alguna diferencia de textura entro 10 nuevo y 10 antiguo. 

b) Muros sin albardOn: 

1 .  Establecer en que condiciones se encuentran las �ltimas hiladas de adobe, 
( si es tapial y existe alguna grieta, ver consolidaci6n) .  

2 .  Si las hiladas se encuentran en mal estado, reintegrar con material fabri
cado en condiciones simi lares al existente y construirle cubierta que pue
de ser : 

-ALBAROON 
- DE TEJA 
- DE BALDOSA 0 LADRILLO 

3 . 1 . 2  Oonsolidacion: 

Cuando un muro no presenta deterioros importantes 0 al contrario, que la ruina 
sea irreversible, estamos ante casos en que la tarea a realizar es una conso
lidacion, esto quiere decir que dej aremos las casas "como es�" no innovar, 
no arreglar , pero tampoco penni tir destrucciones, es muy canoo usar estas tE�c
nicas en edificios que estlm restaurando. 

La tercera conclusion es que la consolidacion es posible efectuarla por medio 
de sistemas mecaru.cos y quimicos ; los sistemas mecahicos seran todo el aparato 
mecaru.co necesario para tener al alcance el obj eto a restaurar, por ejemplo 
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andamios , entrarnados ,  puntales , etc . 

Los sistemas qu!micos pueden ser : 

a. Productos industrializados 
b.  SintE�ticos 
c .  de Laboratorio 
d. Caseros ( substancias naturales ccm::> : vegetales y animales ) 

a. Los productos industrializados : 

1 .  Las resinas poll vin!licas utilizadas desde hace ya mas de 20 anos en la con
solidacion de los pueblos indios del sur de E.E.U.U. pero que no dib muy 
buenos resultados . 

2 .  Consolidantes Poliuretarucos , solubles en petroleo se han utilizado en Euro
pa y Asia Menor, pero aUn no se ha tenido un resul tado 1 00% eficiente ( 1 2 ) . 

b. Los productos sinteticos : 

1 .  En Mesopotamia se ha utilizado mucho en la decada de los 80 el Silicato de 
etilo, que penetra por capas sucesivas y va polimerizando. Es sumamente caro y 
se aplica en forma de fumigaciones , con bomba, (10 producen las firmas UNION 
CARBIDE Y MONSAN'ID ) .  Se recanienda tener cuidado con su uso porque al tera el 
color de la pintura, y hay que tener mucho cuidado en presencia de pintura 
mural ( 1 2 ) . 

c. De laboratorio: 

1 .  El profesor Giaccm::> Chiari del ICCROM ( 1 3 )  en investigaciones realizadas en 
el Peru llego a la conclusion de que los adobes fabricados con caldos en vez de 
agua dieron ccmo resultado piezas resistentes al agua. 

d. Caseros 

Es muy importante volver la vista atras y recapacitar sobre el uso que daban en 
la colonia a ciertos elementos naturales que contienen substancias ligantes de
bido al contenido de savias y almidones ,  por ej emplo: 

BANANA, o:xn, MBA DE NOPAL 0 CACl'US , MAGUEY, LINO, PAPA, MIEL, LEXlfE Y ARROZ . 

En muchos casos algunas de estas substancias producen por cementaci6n procesos 
qu!micos ligantes , impermeabilizantes , repelentes de insectos , etc . ( 1  4 ) • 

Recomendacion: Dependiendo del estudio de cada caso en especial y del material 
que se trate, asi ccm::> del aspecto econ6mico, se debe el�ir el producto ade
cuado para cada intervencion, dado a que en la restauracion no se pueden dar 
recetas de cocina. 

3 . 1 . 3  Restauracion : CUando haya que reponer partes caidas (Anastilosis) 0 de
terioradas, 0 de integrar nuevos elementos , estamos ante una restauracion 

de donde debemos de respetar los principios de homogeneidad y continuidad ( 1 5 ) . 

3 . 1 . 3 . 1  H umedades en partes bajas : Particulannente las arquitecturas de tierra 
son atacadas por el agua y las humedades por 10 que tendrenos problemas 

ccm::> los siguientes : 

_ Malas condiciones HidrOfugas : Puede ser que no exista ninguna capa aisladora 
o solera de h umedad por 10 que pueden hacerse cortes horizontales por segmentos 
a manera de integrar una nueva solera hidrofuga, que puede estar echa a base de 
materiales eficaces para el aislamiento del agua, (por ejemplo adobes imper
meabilizados ) • En tapiales tener el cuidado de hacer el corte coincidiendo con 
las capas de fabricaciOn . Tambie'n pueden usarse algunas tEknicas ccm::> las men
cionadas en el inciso anterior ( substancias qu!micas y sintE�ticas ) pero tener 
mucho cuidado porque ccmo ya se dijo estan en fase experimental y son demasia
do onerosos . 

_ H umedades Interiores : Por la cubierta; cuando son provocadas por filtracio
nes en la cubierta, 10 primero es detener esta causa reparando el techo y lue
go intervenir el muro haciendo las actividades que sean necesarias dependiendo 
del criterio del arquitecto restaurador. 

_ Fisuras y Grietas : a) Si es una fisura probablemente desaparecera al detec
tar la causa, pero muchas de ellas siempre subsisten aunque pueden ser rellena
das con un llOrtero de arcilla similar al utilizado originalmente. b) Si es 
una grieta mas profunda y atraviesa de lade a lade la pared se recanienda qui
tar los mampuestos que sean necesarios y reintegrarlos nuevamente pero colocam.olos en la posicion de punta y soga si fuera posible. c )  Si es un tapial, 
puede remendarse con mampuestos de adobe si las dimensiones 10 permiten y si 
no, cortar 10 necesario y reintegrar con material similar en proporciones al 
material original . 

d) Perforaciones de insectos y erosiones : 

* Si es en mamposteria 0 aparejos , retirar piezas destruidas y reintegrar nue-
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vas manufacturadas en condiciones similares a originales. 
* Si es en tapial cortar el espesor que sea necesario empezando de abajo hacia 
arriba y reintegrar con mampuestos de adobe 0 bien, si es posible, colar y api
sanar nuevamente con material similar al original . 

3 . 1 . 4  Mantenimiento: El mantenimiento es necesario para evitar que el edificio 
se deteriore por 10 que se recomienda mantener atencion entre otros a:  

a )  Encalar periodicamente los muros . 

b) Racer drenas en los muros cuando se notan h umedades . 

c )  Cuidar los albardones de los muros para evi tar entrada de h umedades. 

d) Revisar los techos sabre todo antes de cada invierno para ver si no hay te
jas rotas en los tejados. 

e )  Fumigar contra insectos y plagas . 
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ABSTRACT 

The use of earth , as either 
rammed earth (pise de 
terre) or sun-baked bricks 
( adobe), is characteristic 
of  the Himalaya/Karakoram 
range and central Asia . 
Earth is combined with 
timber and stone as the 
maj or construction material 
used in this area . 
Examples from 
archaeological excavations 
dating from 7 000  B . C .  
demonstrate the importance 
of this construction 
technology . Methods of  
adobe and pise 
construction are described 
and comments made on the 
variations in application 
of techniques and their 
geographical distribution . 

A multi-discipl inary 
approach involving 
archaeologists,  
historians , architects and 
craftsmen will help 
identify conservation 
methods for earthen 
structures and enable the 
decision makers to 
incorporate these methods 
and appropriate technical 
information into new 
construction as well  as the 
preservation of historic 
monuments and s ites . 
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Adobe ; Archaeology ; Central 
Asia ; H imalaya ; Karakorum ; 
pise de Terre ; Tibet . 

Fig . 1 .  Map showing the 
region of Tibetan 
civ i l ization 
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EARTH USED FOR BUILDING IN THE HIMALAYAS , THE KARAKORAM , AND 
CENTRAL ASIA - RECENT RESEARCH AND FUTURE TRENDS 
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2 3  Quai Ie Gallo 
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Introduction 

The use of earth for construction either in pise de terre 
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( rammed earth) or adobe ( sun-baked) bricks is common throughout 
Central Asia , especially in the provinces of West China , 
Xinj iang , Quinghai , Gansu , Sichuan , Xizang ( the autonomous reqion 
of Tibet) and in the highest regions of the Himalaya Karakoram 
range , located 7 0  to 110 degrees east longitude and 2 5  to 45  
degrees north latitude ( 1 )  ( see fig . 1 ) . 

The absence 
man to use earth 
many centuries . 
in rammed earth 

of other suitable building materials has caused 
as a means for construction over a period of 
Archaeological excavations have shown structures 

dating from as early as 7 0 0 0  BC ( 2 ) . 

The latest information concerning adobe technology can best 
be demonstrated by using the method of house construction in 
Tibet as an example .  Different examples will show the diversity 
of technology to be found in these regions . 

The principles of construction , as well  as the type of  
material used , provide a l ink for the architecture of this 
region to that of the ancient middle eastern civ i l izations of the 
6th century BC in the Achemenide Period around Pers i a ,  which in 
turn has influenced India on one s ide and Central Asia on the 
other . 

Techniques of  Construction for a Tibetan House . 

The structural module of a Tibetan house is estab l ished by four 
load bearing wal l s ,  positioned at right angles to one another, 
which support a flat roof of rammed earth , laid over unhewn 
timbers . This module can be expanded both hori zontal ly and 
vertically as necessary . Generally , the houses have two floors 
and a terraced roof ( 3 ) . 

Rel igious rituals precede all construction . using 
astrological forecasts as a guide , a s ite i s  checked to see that 
it i s  not contaminated with evil spirits and is not inhabited by 
earth deities ( 4 ) . 

1 .  Foundations and wal l s  

The foundation trench is excavated according t o  the existing 
conditions of the terrain and the intended height of the 
building . There is never a basement and the foundations are 
constructed of rubble stone when it is available . 

As opposed to the methods of construction general ly used in 
China where a t imber structural frame i s  employed ( 5 ) , the adobe 
brick wal l s  in this example are load bearing . The wal l  thickness 
is dependent on the type of load transferred from above . As 
rammed earth and adobe have a tendency to compact under heavy 
loads , the wal l  bases are thicker and , wherever possible ,  earth 
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Fig . 2 .  Bhutan , process 
of constructing "pise de 
terre" . 

Fig . 3 .  
planks . 

setting the 

Fig . 4 .  Placing the 
windows . 
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construction is replaced with stone . In addition , because of the 
mud mortar ' s  lack of cohesion and the fragil ity of the adobe 
brick structure , vertical loads cause the structure to buckle at 
its base and for this reason , the lower part of Tibetan buildings 
are heavily buttressed . Alternatively , the wal l s  may be 
battered approximately 3 to 6 degrees on the outside , thereby 
providing more resistance to earthquakes and producing a 
s ilhouette characteristic to all  Tibetan buildings . 

2 .  Rammed Earth 

Tibetans consider this form of construction as the oldest , 
simplest and cheapest of building techniques . It is widely used 
throughout Tibet as wel l  as in some regions on the southern 
slopes of the Himalaya such as in Bhutan where conditions are 
sl ightly more humid . The method of construction is similar to 
that used in Western Europe . 

A clay-based soil is wetted and worked by foot . Aggregate 
is often added to the mix. Two planks are set on edge on top of 
the foundation and held in place by wooden poles driven into the 
ground . Wooden cross bars set between the planks establ ish the 
width of the wal l  which is usual ly between 6 0  and 9 0  centimeters . 

Teams of women place the prepared clay between the planks 
and ram it with wooden rams , beating in time to the rhythm of 
traditional songs ( see fig . 2 ) . After two or three hours the 
planks are struck and reset at a higher level and the process is 
repeated ( see fig . 3 ) . The j unction between these l i fts or 
layers , as wel l  as the holes created by the cross bars , becomes a 
decorative feature on the building . 

In the meantime , carpenters prepare the timbers for the 
doors , windows , and floors ( see fig .  4 ) . Doors and windows are 
prefabricated on site , erected in position as the construction 
progresses and are built in place . In some regions it is 
customary to place one long timber l intel at the correct level in 
the wal l  and to cut the necessary doors and windows out of  the 
wal l s  below the l intels .  

3 .  Adobe or Sun-Baked Bricks 

Adobe bricks are always made close to the . building s ite and the 
matrix is prepared by trampl ing the mud under foot . Gravel , 
grass ,  or straw can be added to the matrix . The mold is a wooden 
frame that is 3 5  x 18 x 16 centimeters with extended sides , one 
of which is removable to enable the brick itse l f  to be freed . 
After placement the bricks are removed from the mould and three 
days later placed on edge to help with the drying process . 
Placing the bricks on edge minimizes the bricks ' exposure 
to the sun , slows down the drying process ,  and therefore prevents 
cracking ( 6 ) . The first layer of bricks are placed as "headers " 
and the mortar j oints between the bricks are the thickness of a 
finger . The next course or layer of bricks are placed as 
" stretchers " forming an alternating header stretcher bond often 
referred to as the Engl ish Bond . Thicker wal l s  are based on two 
rows of  headers to create double the width . When wal l s  of a 
lesser thickness are prepared , adobe bricks are laid on edge in 
parallel similar to boards and the matrix is placed in between . 
This method of construction , however , is not as strong because 
the matrix is not compacted and it lacks the cohesion found in a 
properly bonded adobe brick wal l .  

4 .  Floors and roofing 

The ground floors of houses are usually set on virgin ground 
that has been levelled if required . Sometimes , a layer of 
rammed earth is  used to provide the necessary finish . 

The flat roof or terrace is constructed in the following 
manner . Unhewn beams are set close together and a layer of  
twigs from the " Caragana" shrub placed above the beams to 
prevent the moist earth from rotting them . A layer of rammed 
earth is placed over the twigs and covered with a final layer of 
waterproofing clay to prevent water penetration . 



Fig .  5 .  Bhutan , Valley of  
Paro : Construction of  a 
farm house using "pise de 
terre" with a l ight timber 
framing for the upper 
floor . 

Fig . 7 .  The Fortress of  
Namgyal .  
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5 .  Plastering 

occasionally ,  when an appropriate material with a high content 
of clay is available ,  the rammed earth or adobe wal l s  are 
plastered externally . Otherwise the wal l s  are left plain . An 
appl ication of wet clay of porridge-l ike consistency is prepared 
and appl ied by hand . This allows for some form of decoration to 
be added to the exterior of the building . 

Some examples earthen construction in the region 

1 .  The Himalaya 

In Dolpo , a Tibetan valley located in northwest Nepal at an 
altitude of 4 0 0 0  meters , the different types of material 
described above are also in common use . The foundation as well  
as the back and side wal l s  are in rubbl e  stone and the facade is 
in adobe ( 7 ) . 

I n  Bhutan ,  located in the eastern Himalaya , where the 
population is of Tibetan origin , the houses follow the same model 
as those in the Tibetan cultural area . In addition , above the 
flat roo f ,  the Bhutanese extend a l ight timber pitched roof 
structure which generously overhangs the external wal l s . The 
foundations are made of large stones and the wal l s  are of rammed 
earth . The Bhutanese house is an impressive architectural 
achievement combining util ity and technical skil l with a great 
aesthetic sensibil ity ( 8 )  ( see fig . 5 ) . 

In Ladakh , in the western Himalaya , the oldest 
constructions are always of  rammed earth . Today , pise de terre 
has been replaced by the adobe brick . The Palace of Leh 
presents an interesting example of the use of sun-baked bricks 
( see fig . 6 ) . The palace was built in the early 1 6 0 0 ' s  as a 
royal residence and is a building of great dimens ions . The 
palace is the largest of a group of buildings crowning a seven 
kilometer ridge overlooking the city of Leh . 

The fortress of Namgyal peak located high above the palace 
of Leh , was built in the 16th century out of rammed earth and 
adobe brick ( see fig . 7 ) . 

Fig . 6 .  Ladakh , 17th century palace of  Leh overlooking the 
city . 



32 

Fig . 8 .  Central Tibet , a 
fort in "pis6 de terre" 
surviving from the 18th 
century 

Fig . 9 .  Turfan , Citadel 
of Jiaohe , part of the main 
thoroughfare . 

Fig . 1 0 . Turfan , city of  
Gaochang , central part of  a 
stupa . 

The palace is built into the rocky outcrop with the main 
facade measuring about 60 meters in length and 58 meters in 
height overlooking the city . The foundations , which are of 
granite , grow out of  the bed rock itself and the lower part of 
the battered wall s  is  formed in cut and dressed granite . As the 
wal l s  rise , the structure becomes l ighter and the windows in turn 
become wider . The upper third of the building is constructed of  
mud bricks with the roof terraces formed of  earth and clay . The 
method o f  construction for the adobe structure is almost exactly 
the same as for a traditional dwell ing . 

The palace was abandoned and , because of the total lack of 
maintenance , snow and water have infiltrated the adobe wal l s  
causing damage and col lapse t o  much of  the upper structure ( 9 ) . 

2 .  Karakoram 

An interesting example of reinforced adobe structure can be 
found in buildings such as the 15th century Baltit and Altit 
Forts in the region of Hunza , in northern Pakistan . Here , the 
use of a timber cribbage at the corners of the tower with an 
infill of adobe brick creates a flexible structure capable of  
withstanding the seismic activity which is  prevalent in this 
region . 

3 .  Central and western Tibet 

The oldest monuments to be found in Tibet are the Royal Tombs 
located in central Tibet , the most wel l  known being the Tsetang 
( pyong Rgyas ) ,  which are tumuli of rammed earth interlayered with 
s late and timber planks dating from 650-815 AD ( 10 ) . 

More recentl y ,  the fortifications have been built in adobe 
and rammed earth . For example , in Lha-artse , located in central 
Tibet , defense towers still remain in a state of decay and 
neglect . These structures therefore show the lower levels in 
rammed earth and the superstructure in adobe . From time to time 
during previous restoration efforts random stonework has been 
used instead of earth ( see fig .  8 ) . 

In eastern Tibet , the village of Tsaparang is another 
particularly interesting example of the use of earth in 
construction . It is  here that certain unusual technical deta i l s ,  
such as the u s e  of  pebbles as a capping for the wal l s  and the 
presence of forms of arches that have not been found elsewhere , 
can be seen . within the c l i f f  dwell ings above Tsaparang some 
unique structures using adobe wal l s  have been studied ( 1 1 ) . 

4 .  Xinj iang 

The architecture of the oases around xinj iang are entirely of 
adobe . In Turfan , the cities founded during the Han Period ( 2 06 
BC to 2 2 0  AD) demonstrate the diverse uses of earth . For 
example , Jiaohe was built on a l imestone spur and Gaochang was 
built on a flat plain , both of which were undoubtedly abandoned 
in the Ming Period . In Jiaohe , the main thoroughfare of the town 
has buildings constructed of rammed earth at ground level , with 
large adobe blocks at mid-level and smaller adobe bricks at the 
upper level ( see fig . 9 ) . The monuments , including the enclosure 
wal l s ,  temples , and stupas in these two town s ,  are of sizeable 
dimensions ( see fig . 1 0 ) . Interesting architectural features 
such as the arch and the tiered vault can be seen in Turfan where 
they have been used to support several floors . Erosion , 
especially wind attrition , has caused maj or damage which is only 
apparent when comparing early photographs taken by such well
known explorers as Le Coq and stein at the beginning of this 
century . 

I n  the graveyard of Astana there are examples of rammed 
earth tumul i covering funeral chambers which have been decorated 
with mura l s . A series of monasteries carved out of cli ffs , such 
as those at Bezekl ik,  were enclosed with adobe structures as the 
external facades . These structures have remained unchanged to 
this day . 

The large mosque of Turfan built in the 17th century was 
restored in 198 0 .  The structure i s  capped with a series o f  domes 
and the method of decoration for the minaret has been used as a 
model throughout Central Asia and Iran ( 1 3 )  ( see figs . 1 1 ,  12 ) .  
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Fig . 1 1 .  Turfan : General 
view of the Friday Mosque . 

Fig .  12 . Turfan : Detail of 
the minaret of  the Friday 
Mosque . 
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5 .  Qinghai 

Circa 2 0 0 0  - 500  BC , earth has also been used in the areas 
between Tibet proper and Central Asia . Three s ites from the 
Nuornhong Period have been discovered in the Tsaidam Region . 
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These correspond to a nomadic civil i z ation largely independent of 
the bronze period of the Qinghai-Gansu . Remnants of architecture 
consisting of foundations of house s ,  wal l s , and ditches using 
adobe and rammed earth have been found on a s ite which may have 
been a resting place for these nomads ( 14 ) . 

Conclusions 

The above examples drawn from Central Asia and Tibet demonstrate 
the unique qualities of earth when used as a building material . 
The technology used in earth construction advances the following 
observations : 

The house is often regarded by architects and planners as a 
geometric element that needs to be "rationali zed" to suit the 
assembly of structures , voids , and spaces . In practicing 
architectural conservation , however , it is necessary to discover 
through analysis how building design has been adapted to suit 
specific conditions and cl imates . Central Asia provides an 
excel lent example of  this principle .  

Today , due to the fashions fostered by the pressures of 
development , it is unl ikely that new buildings in these regions 
will be permitted to evolve from traditional technology . 
Therefore , in order to retain these traditional structures , 
restorers and "conservationists " need to not only find ways of  
preserving traditional technology , but also convince potential 
cl ients that the traditional structure will provide suitable , if  
not preferable , l iving conditions . For obvious reasons , one 
cannot expect new hospitals to be bui lt in adobe , but perhaps 
some of the less sophisticated structures may employ this 
technique in recognition of  this longstanding tradition . 

As many archaeological s ites along the silk Road in such 
places as Turfan and Khocho have been exploited , and where many 
of the s ites are stil l  being "mined" by farmers as a source of 
fert i l i zer for their fields , it is hoped that the Adobe 90 
Conference will promote an active interest in the technology of  
adobe . This kind of  information will  help local decision makers 
responsible for the conservation of historical s ites to protect 
their cultural heritage and prevent the exploitation of these 
ruins . 

Final l y ,  it i s  essential to sensitize the conservationists 
in this region to help them avoid the indiscriminate use of 
"modern" materials , such as cement , and to teach them s imple but 
appropriate conservation techniques as wel l as some speci fic ways 
to preserve this unique but fragile building tradition . 
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ABSTRACT 

This pape r d i s cus s e s  the 
t ransfer of e arthen wal l 
bui lding t e chnology f rom 
F rance and England to 
North Ame r i ca dur in g  the 
n ineteenth century,  
conne c t i o n s  which have 
rema ined obscure for many 
reason s . Empha s i s  is here 
p l aced on the rat iona les  
and var iations o f  earthen 
wa l l in g  methods f rom 
F ranc e ,  where , i n  the 
cont e xt of the French 
Revolut ion , � ( rammed 
eart h )  wa s hera lded as a 
t e chnique for the " common 
man , " to England and 
Ame r i c a ,  whe r e  the virtues 
of us ing eart h  for ru ra l 
structures were 
subsequent l y  exto l l e d . 
In d i s cus s ing ma j o r  
p e r s ona l it i e s , 
pub l i cat i on s ,  and t rends , 
the paper argues that 
earthen wall const ru ct ion 
wa s more widespread than 
has s omet ime s been 
as sume d .  It demon strates 
that not a l l  Ame r ican 
" a dobe " bui ldings are in 
the Southwe st and that 
they were styl i s t i c a l l y  
a n d  t e chn o l o g i c a l l y  
versat i l e . P rotect ive 
me asures taken by th ei r 
bui lders are l ikewise 
explained . A prope r 
h i s t o r i c a l  and 
t e chnolog i c a l  cont e xt i s  
thus p rovided for 
unde rs tanding t he 
s ign i f i cance of ea rthen 
wa l l  s t ructures i n  areas 
not norma l l y  a s sociated 
with their e x i s t ence . 

KEYWORDS 

P I St 
RAMMED EARTH 
UNBURNT BRICKS 
TAP IA 
EASTERN UN I TED STATES 
N INETEENTH CENTURY 

c" 
F i g . 1 .  Schemat i c  a s s emb ly 

of a mou ld used in Auvergn e ,  
Source : P .  Doat , et a l . , 

Construi re en Terre, 1 6 .  

History and Traditions 

EARTHEN WALLS FROM FRANCE AND ENGLAND 
F OR NORTH AMERICAN FARMERS , 1 8 0 6- 1 8 7 0  

Je f f rey W .  Cody 
D epartment o f  City & Regional P lann ing 
Corne l l  Unive r s it y 
Ithaca , NY 1 4 85 3 - 6 7 0 1  

Introduction 

I n  Ame r i can archit e ctural tradit ions the logic  and 
viab i l i t y  of bui lding with earth has been documented only 
supe r f i c i a l l y ,  hence the astoni shment o f  most who learn o f  
the u s e  of rammed earth o r  " unburnt " b r i ck s  e a s t  o f  the 
Mi s s i s s ippi R iver as early a s  1 8 0 6 .  Although one doe s not 
norma l l y  a s sociate New Je rsey with adobe , it wa s in t h i s  
s t a t e  t h a t  s ome o f  the earl iest East C o a s t  e xperiment s 
with earthen wall t e chnology were conducte d . [ 1 ] To 
unde rstand how and why t h i s  occurred, it i s  neces sary to 
cro s s  the At l ant i c  O cean . 

�, or rammed e art h  walls  in western Europ e ,  
were e re ct e d  mo st often o n  a masonry founda t i on . The 
wa l l s  were fo rmed by pounding a mixture o f  sand,  s i lt , and 
c l ay into a cas e ,  or s hut t e r ,  which was charact e r i z e d  by 
move ab le frame s  o f  wood held par a l l e l  by a set o f  
support s .  Th i s  s e t  often con s isted o f  lower and upper 
hor i z ontal s t rut s ,  vert ical support post s ,  count e r s ha ft s ,  
and we dge s ( s ee F i g . 1 ) . Eu ropean t raditions o f  ramming 
earth into s o l i d  wa l l s  or o f  drying soil mixtures i n  t he 
sun to y i e l d  a su itable building mat e r i a l  have been t raced 
to the Phoe n i c i a n s ,  the Romans and the cultures that came 
under th ei r  i n f luence . [ 2 ] By the e ight eenth century, 
certain region s ,  at least partially because o f  t he i r  
favorab le geo logic condit i on s ,  were better known than 
othe r s  for t he i r  succe s s  in ut i l i z in g  t ime-worn bu i l ding 
t raditions related to earthen wa l l s . One o f  the mo st 
famous wa s the F rench Lyonna i s , where the r i ch , 
s ed iment ary dep o s i t s  along t he Rhone River provided a 
u s e f u l  var iety of clays and sands for bui lde rs t o  mix into 
e conomi c a l  and f i reproo f bu i l ding mat e r i a l s . [ 3 ] Thi s 
pap e r  w i l l  concent rate on t h i s  c i rcuitous documentary l ink 
between south cent ral France and the eastern Un ited 
Stat e s ,  e stabli shing t hat f i rm rat i ona le s ,  bui lding 
methodologie s and European precedents e x i s ted as Ame r ican 
farme r s  in the n ineteenth centu ry began considering 
whether t o  a dopt , adapt or r e j ect these precedent s under 
new condi t i on s . Between 1 8 0 6  and 1 8 7 0  they t ri e d  a l l  
three a l t e rnative s ,  f inally r e j e c t i n g  earthen wa l l s  i n  
favor o f  wood or b r i ck . 

The � , or rammed earth,  connect ion 
from Lyon t o  New Je r s ey can f i r st be traced by exami n i ng 
the key publ i ca t i on s  that emerged in lat e - e i ght eenth
century France t o  encou rage more s c ient i f i c  ana lyse s and 
pract i cal app l i ca t i on s  o f  rammed earth s t ructure s . The 
mo st import ant o f  these ana l y s e s  was by F ran90i s 
Cointe raux in 1 7 9 0 ,  but other �p ropagan d i s t s  helped 
set the stage for him . For e xamp l e ,  Geo rge s-Claude 
G o i f fon ' s  " L ' Art du Ma90n P i s e u r "  ( 1 7 7 2 ) w a s  a n  ob s cure , 
unsucce s s ful t reat i s e  written by a nonprac t i c i n g  
academ i c ian for p ract i c ing ma sons ( s e e  F i g . 2 ) , but it 
repre sented the eme rgence o f  a rat ional underst anding o f  � t e chno logy,  b r i e f l y  r e f l e ct e d  in 1 7 7 7  by D iderot in 
his Supplement, and more subst ant i a l l y  n ine years lat e r  by 
Fran90 i s  Boulard i n  Abbe Ro z i er ' s  popular Cours Complet 
d' Agr iculture . [ 4 ] Boulard fir st  focu sed on the 
coagu lating qua l i t i e s  o f  s o i l  app rop r i at e  for ramming 
( " st rong eart h, " a humid mixture o f  c lay and sand with n o  
root s o r  gravel ) .  He then empha s i ze d  const ruct i on 
procedure , paying part icular attent ion to the p roblem o f  
h o w  t o  merge t w o  perpendicular w a l l  s e gment s ,  a n d  he 
sugge sted a rough - cast  p l a s t e r ing as an exte rior f i n i sh 
( s ee F i g . 3 ) . 
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Bou lard ' s  des c r ipt i o n ,  a lt hough emp i r i ca l ,  
lacked zeal . Such cou ld not be s a i d  of Franco i s  
Cointerau x ,  an avid Lyon bui lder and agricult u r i s t ,  who i n  
the l 7 8 0 s  began e xper iment ing in northern France w i t h  the 
rammed eart h  t e chnology he had learned i n  the s outh . 
Aided in 1 7 8 8  by roya l o f f ic i a l s  of the newly formed 
Soc iete Royale d ' Agr iculture , Cointe raux moved to P a r i s  
t h e  fol lowing year , when h e  inaugurated a " s chool for 
ru ral architecture " in o rder t o  promote the use o f  � as 
an e conomi c a l  method of e rect ing farm structure s and as a 
way of bui lding " in combu s t i b l e "  structures for French 
c i t i e s . Coint e raux, who s e  mott o  was " Theory i s  b eaut i fu l ,  
but pract i ce surpa s s e s  it , " sought t o  make a "pat r i ot i c  
cont r ibut ion " in t h e  spirit o f  t he Revolut ion . 

�became h i s  pa s s i on . "My de s i re i s  to 
adva nce only that wh ich i s  pract i ca l , " he wrote . " Honor 
engage s me t o  p rove it by a l l  t he me ans within my powe r . 
My s tyle  perhaps is not b r i l l iant , but it w i l l  be u s e fu l ;  
I w i l l  render i t  clear and s imp le , t o  b e  within reach o f  
eve ryone , part i cu l arly workers . " [ 5 ] Cointeraux viewed h i s  
m i s s ion a s  a course o f  pub l i c  inst ruct i o n ,  e f fe ct ive ly 
e l iminating pove rt y by o ccupying beggars i n  " ma j or 
wo rks . " [ 6 ] For Cointeraux, � wa s not s imp ly a man-made 
architectural t echn i que ; rathe r ,  it was : 

a g i ft o f  Providence . a pr e sent whi ch God 
has made to a l l  people . I f  agriculture is the 
b a s i s  for a l l  s c ience , � is a l s o  t he f i r s t  o f  
a l l  t h e  art s . . Factories wi l l  multiply with 
� and comme rce will f lour ish . . One s hou ld 
employ t h i s  kind o f  bui lding t hroughout the 
realm, for t he decency o f  v i l l ages and the honor 
o f  the nat ion , t o  s ave wood ,  which is used in 
such great abundance in construct ion s , t o  avoid 
f i re s ,  t o  prot ect labore rs from cold o r  
exce s s ive heat , at t h e  same t ime t o  
cons e rve a n d  p rot ect t he ir  hea lth,  a n d  for s o  
many other obj ective s ,  too long to l i st , s o  
useful t o  the s t a t e  a n d  t o  pr iyate 
landowne r s . [ 7 ] 

This rat i onale i l lu st rates the connection Cointe raux made 
between nature and � const ruct ion , and the rapport he 
saw between an architecture for t he common man and the 
p o l it i ca l  upheava l s . Cointe raux was thu s  e xpre s s ing,  in 
t e rms o f  �' s o r i g in ( the s o i l )  and ut i l ity ( for the 
common good) , what Vol t a i r e  and Rous seau were argu ing in 
t e rms of p o l i t i ca l  philosophy - - t hat s oc iety should 
recogn i z e  it s natural l ink with t he soil upon which men 
and women t read . 

Coint e raux pub l i shed fou r cah iers, or 
" notebook s "  between March 1 7 9 0  and November 1 7 9 1 . The 
f i r s t  provided const ruct i on det a i l s  made more palpable  by 
c o s t l y ,  copper-eng raved plates ( se e  F i g . 4 ) , whi l e  the 
s e cond (publ i s hed in March 1 7 9 1 )  was concerned with s o i l  
qua l i t ie s ,  furthe r con s t ruct i on det a i l s , a n d  the art i st i c  
rende r ing o f  w a l l  surface s . The t h i rd cahier was a plea 
t o  " men o f  comme rce " to con s i der incorporat ing some 
ea rthen wa l l s  with those of b r i ck in order to e conomi ze 
factory const ruct ion . In the fourth cahier, Cointe raux 
extolled the " new � , "  referring t o  the construct ion of 
more portab le and adapt able unbaked b r i c k s  o f  rammed earth 
which cou l d  be mou lded indoors and used at a later date 
( s ee F i g . 5 ) . Cointe raux ' s  notebooks were mo re popu lar 

th a n e a r l i e r  � publ ications not  only becau se o f  t he  
author ' s  pa s s ion for h i s  sub j e ct , b u t  a l s o  b e c a u s e  o f  the 
imaginative and graphi c  way he addr e s s e d  a wide r audience 
and the i nnovat ions in t e chn ique he e spou sed . 



F i g . P l ate XI I f rom 

Cointeraux ' s  Second �ah ier , 

s howing workers mixing s o i l . 

F i g . 7 .  P l at e  X from 
Cointe raux ' s  F i r st Cahier , 
1 7 9 0 ,  comparing two,  
common ly-employed F rench 
methods for ramming earth : 
Lyon ( above ) and Bugey 
(be low) . 
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Three of those innovat ions are part icularly 
noteworthy : Cointeraux ' s  � pick,  h i s  con s e rvat ion 
pre caut i on s ,  and his re commenda t i on s  t o  adopt mo re t han 
one sort o f  � t e chnology ( se e  F i g s . 6, 7 ) . The " p i c k "  
wa s a cu rved hoe,  adapt e d  for t h e  requ i s it e  mixing o f  c l a y  
a n d  sand,  and t he engaging w a y  the author depicted this 
new tool helped make i t s  u s e  more underst andab l e . 
Regarding conse rvat ion , Cointeraux adro i t l y  d i s cu s s e d  
those mat e r i a l s  - - stone o r  b r i c k  - - which could mo s t  
e ffect ive ly be u s e d  around doors a n d  windows , where j o int s 
were more sus cept ible to damaging mo i sture int rusions and 
whe re tens i l e  s t r e s s e s  led t o  s t ructural weakne s s e s . I n  
t h i s  regard, he sugge sted u s in g  more expens ive l in t e l s  and 
s i l l s  i n  p lace o f  those made f rom wood,  because the harder 
mat e r i a l s  j o ined mo re s o l i dly t o  the earthen wal l . 
Furthermore , t he hot l ime-wh it in g  which Cointeraux 
suggested app lying a s  a coating wou ld adhe r e ,  he a s s e rted , 
mo re e a s i l y  t o  the stone or b r i ck t han to the wood 
e lement s . Because Coint e raux envi s i oned rammed earth a s  a 
l iberat i ng t echn i que , he was mo re amenab le than any o f  h i s  
contemporar i e s  t o  inc lude variat ion s ,  a s  we l l  a s  the 
" standard" Lyon method, i n  his recommenda t i on s . 
Therefore , Cointeraux not only p romoted t he "new �" 
but he a l s o  laude d  the sort o f  rammed earth t e chnique 
devi sed in Bugey ( B re s s e ) . The Bugey method di ffered f rom 
that o f  Lyon because o f  t he u s e  o f  wood b race s ang le d f rom 
the ground t o  t he f rame , whi ch kept t he ve rt i ca l  pane l s  of 
the � shutter ing more perpendicu lar t o  t he ground, t hus 
ensuring a flatter and mo re regular wall surface ( s ee F ig . 
7 ) . By us ing t he external braces it be came unn e c e s s ary t o  
insert lowe r hori zontal supports a t  the base o f  the 
shut t e r s . The se lower support s requ i red leaving gap s in 
the wal l s ,  which then had to be f i l led once the wall was 
comp l et e .  By us ing the Bugey met hod, Cointeraux ob se rved,  
"All i s  whole  from the ground leve l t o  t he  roo f . " [ S )  
Coint eraux ' s  inclus ion o f  the Bugey method made a s t ronge r 
case for � because it demonstrated the ve rsat i l ity o f  
the t e chnology . 

Through Coint e raux ' s  pe r s i stent litan i e s , � 
be came a t e chnique for rural hous ing known far beyond the 
Lyonnai s ,  a lt hough the author ' s  pers onal succe s s  lagged 
behind his architectural notor iety . [ 9 ) There was an 
a lmost imme diate r e i s su inq o f  Cointeraux ' s  f indinq s ,  for 
examp l e ,  i n  several other European count r i e s . [ 1 0 ) In 
B r i t a i n , the i n i t i a l  impuls e  for con s i de ring rammed earth 
sprang f rom pe r s onal f r i endship between Cointeraux, h i s  
d i s c i p l e s ,  a n d  Brit i s h  patrons rathe r t han f rom F rench 
pub l icat ions . Between 1 7 9 1  and 1 7 9 3 ,  Cointeraux made a 
j ourney to the B r i t i s h  e state of P h i l i p  Yorke , the t h i rd 
Earl of Hardwicke , a learned agr i cult u r i s t  who had 
purcha sed Cointe raux ' s  cahiers in P a r i s  and f inanced 
Cointeraux ' s  t r ip i n  order t o  see � being imp lemented 
f i rsthand . [ 1 1 ) But even before Cointeraux ' s  journey, two 

P· ? UJ . "'"  . 
l. 
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F i g . 8 .  Sa lmon ' s  dep i ct ion 
o f  p i s e  con s t ruct i o n ,  1 8 0 9 .  
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F i g . 9 .  Stephen John son ' s  

� const ruct i o n ,  1 8 0 6 . 
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French � craft smen t ra ined by Coint e raux at h i s  
" s choo l "  i n  P a r i s  we re contracted i n  1 7 8 9  by Thoma s 
E c c l e s t o n ,  of the Academy of Art s o f  London , to ve nture t o  
Lanc a s h i re i n  o r d e r  t o  erect expe r imental walls  there . [ 1 2 ] 
B r i t i sh writ ings followed qu i ckly on the s e  heels of � 
experiments wit h,  and on,  Eng l i sh s o i l . 

By the mid- 1 7 9 0 s ,  B r it i s h  rural archit ect s ,  
seek ing a cheap alt e rnat ive t o  wood framing , began t o  
con s ider � a s  a counte rpart t o  the more common B r i t i s h  
met hodology o f  e rect ing e arthen wa l l s ,  known a s  c lay- lump 
wa l l in g  or "c ob , " whereby clay wa s mixed with s t raw and 
then super impo sed by layers b e fore wall surfaces were 
pared down unt i l  f lat . [ 1 3 ] John P law, in his Ferme Ornee 
( 1 7 9 5 )  was the f i r st to acknowledge Cointeraux in pr int , 

but he was more an i nt e rmediary voice with ac ce s s  to a 
pub l i sher than a p ra ct it ioner of e arthen 
construction s . [ 1 4 ] The most important Brit i sh archit e ct 
to g ive legit imacy to earthen w a l l s  was Henry Hol land, who 
probably was introduced to the French methods by virtue o f  
the curios ity o f  h i s  pat ron , Fran c i s ,  the f i ft h  Duke o f  
Bedford, a renowned agricultural p romoter . The Duke ' s  
surveyo r ,  Robert S a lmon , later recalled how Fran c i s  was s o  
int e re s t e d  in t h e  Lanca shire � expe riments that h e  paid 
for a F rench worker t o  re s i de at h i s  Woburn e state t o  
bu i l d  � walls there . [ 1 5 ] Ho l land a n d  Sa lmon be came 
immediate conve rt s ,  but because Ho l l and was en l i st e d  t o  
cont r ibute t o  t he popu lar Communications o f  the Board of 
Agr iculture , h i s  wor k ,  though mo re imitat ive than 
i nnovat ive,  became more we l l -known than S almon ' s .  Sa lmon , 
for e xample , proposed u s i n g  i ron clamp s to keep the 
shut t e r ing taut , and at the t roub l e s ome j unctures of two 
perpendicular wall s e gment s he sugge sted u s in g  a long i ron 
ba r ,  connecting t he shutt ering of each segment , to 
ma inta in a r i ght angle ( s ee F i g . 8 ) . 

In pra i s ing � bu i lding s ,  Ho l land s imp ly 
o f fe re d  a digest of Cointeraux ' s  first two cahiers for the 
E ng l i sh pract it ione r . Holland empha s ized Cointe raux ' s  
p r i n c ip a l  s e ct ions conce rning the erect ion and d i smant l in g  
o f  the wood f orms , p rope r s o i l  compo s it ion , a n d  wa l l  
cove r ings . In mo st c a s e s  he even reproduced Cointe raux ' s  
graphi c s . But Holland omitted what he deemed l e s s  cru c i a l  
t o  t h e  case for � : Coint eraux ' s  � p i c k ,  t he Bugey 
method,  the " new � , "  and t he d i s cu s s ions about the 
preferred use of stone and brick l inte l s  and s i l l s . 
E ither Hol land knew of Cointeraux ' s  other writ ings and 
s imp ly cho s e  t o  i gnore them, or he rema ined i n  t he dark 
concerning the later cah iers . In any event , Holland ' s  
edited t rans lat ion helped lend enormou s cre dence t o  the 
� techn i que . At the dawn of the n i neteenth century , 
s everal Brit i sh bui lders and agricultur i s t s  e l aborated 
upon Holl and ' s  sugge s t ions . [ 1 6 ] 

So , too , did s ome Ame ri cans . The mo st notable 
wa s Stephen W .  John s on ,  a lawyer and builder who h a i l e d  
from New Brun swick,  New Je rsey . P re c i s e l y  what drew 
John son to Holland ' s  work is unknown . By 1 8 0 4  t he 
Ame r i can had read the Communications and near Trenton he 
wa s i n  the midst o f  e rect ing h i s  own � exper iment , 2 7  
ft . long,  1 9  ft . wide , and 1 5  ft . t a l l  ( s ee F i g . 9 ) . 
Contemporar i e s  gawked and John son de c i de d  to pub l i s h  h i s  
ob s e rvat ions a s  p a r t  o f  a t e xt concern ing rural economy . 
Johnson ' s  approach was to quot e Holland freely without 
p rope r acknowl edgment , alt e r  t he p l acement of who le 
s e ct ions o f  Holland ' s  t rans lat ion , and t hen lace these 
sect ions with h i s  own ob s e rva t i on s ,  c r i t i c i sms , and 
sugge s t ion s . Although he i ncluded dep ict i on s  o f  his own 
work ( a long with cop i e s  of Hollan d ' s  i l lust rations ) ,  
Johnson never explained oddit i e s  such as c i rcular window 
opening s . Based upon h i s  own pract i c e ,  John son a l s o  
s ig n i f icant ly altered Ho l l and ' s  t rans lat i on o f  Cointe raux . 
For e xamp l e ,  he reduced opt imum foundat ion he i ght from 2 
ft . 6 inche s t o  2 ft ; whe re Holland spe c i fied a frame 1 0  
ft . long , Johnson sugge sted 1 0  t o  1 5  ft . ;  where Hol land 
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su gge sted u s i n g  twisted rope as a means of keeping the 
f rame s para l l e l ,  John son re commended wood c l amp s ; and 
whe re Ho l l and saw the logic in bat t e r ing the wa l l s  to 
a l l eviate t e n s ion at t he bui lding ' s  ba s e ,  Johnson thought 
this unnece s sary . John son , t he n ,  had only a dub ious faith 
in h i s  � predece s sors . Undaunt e d  by c r i t i c s  who even 
be fore pub l i cat ion t r i e d  t o  v i l i fy him, John son hoped to 
appe a l  t o  Ame ricans who might buy a con s t ruct ion manu a l  
for a n e w l y  sett l e d ,  soon-to-be- improved farm . 

John son h it a respons ive chord,  but with regards 
t o  � he wa s n ot the only Ame r i can t o  do so . John 
Stuart Skinne r ,  the Balt imore-ba sed editor and pub l i sher 
o f  The Amer ican Fa rmer from 1 8 1 9  to 1 8 3 0 ,  wa s the mo s t  
not ab le o f  John son ' s  contempora r i e s  t o  d i s s eminate 
European knowledge about e art hen wal l s  t o  North Ame r ican 
farme r s . He not only ent ir e ly reproduced Holland ' s  
t rans lat i on , but he a l so publ i c i z ed actual Ame r i can 
e xperiment s which documented the u s e  of John son ' s  book . 
Skinner f i r s t  demonst rated an interest in earthen 
agricultural st ructure s in 1 8 2 0 , but it was a year l at e r  
befor e  h e  re i s sued Hollan d ' s  t rans lat ion for an Ame r i can 
audience . ( 1 7 ) By t h i s  t ime S k inner was intr igued with 
John Hartwe l l  Cocke ' s  e xperiment s with rammed earth s lave 
qua rters and outbu ildings at Bremo P l antat ion , near New 
Canton ( Bucki ngham Count y ) , Virgin i a . Cocke admitted 
us i ng John son ' s  book a s  h i s  guide , but he had p rob lems 
with workmen be coming con fused about how to e r e ct the wood 
frame s , and he d i s cove red t hat the moi sture of Virginia 
wa s mo re damaging to t he walls  t han he  had ant i c ipat e d . 
There fore , he wrote Sk inne r ,  it wou ld be more sens ib le t o  
m a k e  us e o f  sma l l e r  shutte ring systems , fort i f ie d  by iron 
c lamps instead o f  woo d ,  y i e l ding more adapt able blocks of 
unbaked b r i c k . Uncon s c ious ly ,  by u s ing John son ' s  book 
Cocke had " d i s cove red" Cointeraux ' s  "new �" with the 
help o f  Salmon ' s  sugge st ions about iron clamping . 

As S k inner indicated for h i s  sub s c r ibers , Cocke 
was not a lone in his fas cinat ion with rammed eart h . 
W i l l i am Ande r s on ' s  e xper iment s in State sborough , South 
Carol ina were part icularly noteworthy ; between 1 8 2 1  and 
1 8 2 4  this p l antat ion owner proudly constructed f ive � 
s t ructures on h i s  land . Three of t he s e  are e xtant , and 
together with a ne arby � church e rected at Ande r s on ' s  
behest in the 1 8 5 0 s , t he s e  bui ldings represent the largest 
e x i s t ing concent rat ion o f  rammed earth examp l e s  in eastern 
North Ame r ica . ( 1 8 ) Ande r son wrote S k inner that he 
d i s agreed with Cocke ' s  sugge s t ions about making sma l l e r  
wa l l  s e c t i on s . In South Carol ina , he ma intained he had 
e xper ienced l it t l e  d i f f i culty in t r a i n ing wo rkers t o  u s e  
t h e  l a rger shut t e r s , a n d  furt he rmore h e  cla imed great 
succe s s  with a l ime stucco wh ich,  whe n t rowe led smoot h ,  
wa s e a s i l y  marked t o  resemb le ashlar stone . ( 1 9 ) In t he 
Ame r i can s outhea st , the n ,  by the 1 8 2 0 s ,  two � methods 
were being adapte d  concurrent ly . This was a l s o  t he case 
further north a long t he coast . I n  Balt imore , at least one 
landowner used John s on ' s  book to erect large wall s ections 
in 1 8 1 3 ,  and i n  the state o f  Maine , two patent s were 

s e cured in the late 1 8 2 0 s  for devi c e s  that coul d  fabricate 
" unburnt brick" b l oc ks . ( 2 0 )  

By 1 8 2 7 t h e s e  t wo methods were related t o  a 
th i rd  ana logous t e chn i que in the Ame r i can s outhe a s t , 
c a l l e d  � or t abby . ( 2 1 ) � walls d i ffe red f rom � 
in the qua l i t y  of the s o i l  mixture rather than in the 
method o f  mou lding that mixture . She l l s ,  sma l l  s t one s ,  
and l ime were cru c i a l  i ngredient s i n  tabb y ,  whi c h ,  whe n  
rammed w i t h  correct p roport ions o f  s a n d  a n d  wat e r ,  forme d 
a moi st cement i c i ous mix by mo lecular and cap i l lary 
a c t i on . Whe n  dry, the mixture formed a s o l id mas s .  � 
shared with t abby the u s e  of wood mou lds , brace s , and 
ramme r s ; a masonry foundat ion ; s imilar  wa l l  t h i ckne s s ;  and 
the common rat i onale s of cheapn e s s  and durab i l i t y . � , 

however ,  wa s charact e r i z e d  by d i f f e rent s o i l  components 
and was less mo i s t  when ramme d .  
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F ig . 1 0 . Henry E l l sworth ' s  
rammed earth house 

i n  I ndiana , 
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Alexander Macomb and Thoma s Spalding were two o f  
t h e  m o s t  important tabby enthu s i a s t s  i n  t he late 1 8 2 0 s . 
The i r  exper iment s in South Carol ina demonstrated that the 
t e chnique o f  rammed e arth construct ion wa s just as 
s i g n i f i cant as the mat e r i a l  being ramme d . Macomb , 
Spa lding,  and those who cont inued u s ing rammed e art h  
t e chnology in the 1 8 3 0 s ,  s u c h  a s  Ben j amin R i v e r s  Carro l l ,  
N i c ho l a s  He rbemont , and P h i l i p  St . George Cocke , 
concent rated upon the e conomic rationale for � to bu i l d  
factori e s , fence s ,  a w i de range o f  agra r i an buil dings , and 
even ra i l road t ie s . [ 2 2 ] They a l s o  ob l i qu e l y  indicated 
some o f  the p i t f a l l s  a s s o c iated with the method . The se 
inc luded the damage i n f l icted by wat er i f  wa l l s  were not 
properly coped or if a wide enough ove rhang wa s not 
con st ructed,  and the s pa l l ing that resulted from app lying 
a l ime-bas e d cove ring to a p redominan t l y  clay wa l l . [ 2 3 ] 

Once aga i n ,  the inten s i fying interest in � o r  
t abby s t ructu res i n  t h e  coas t a l  s outhea st during t he 1 8 3 0 s  
wa s mat ched b y  s im i l a r  cu rios ity i n  the northea st . 
Seve r a l  letters and short art i c l e s  from 1 8 3 4  to 1 8 3 8  in 
the Genesee Fa rmer (based i n  Rocheste r ,  N . Y . )  attest t o  
t h i s  popu l a r i t y . [ 2 4 ] But it was not unt i l  the 1 8 4 0 s  t hat 
rammed earth t echno logies be came most accepted by Ame r i can 
agricultur i st s . The f igure most respon s ib l e  for t h i s  
acceptance wa s Henry L .  E l l swo rt h ,  Ame r i ca ' s  f i r s t  Patent 
Comm i s s ione r ,  who s e  annual Reports between 1 8 4 3  and 1 8 4 5  
lauded the u s e  o f  "unburnt b r i ck " a s  a sens ible " mode o f  
con s t ruct i ng hou s e s . " [ 2 5 ] E l l sworth based h i s  praise upon 
h i s  own expe r iment s with rammed e arth in Wa sh ingt on , D . C .  
and i n  Grand P r a i r i e  ( Tippecanoe County ) ,  Indiana ( s e e  
F ig . 1 0 ) . Although n o t  immediate ly apparen t ,  E l l sworth ' s  
Reports were w i de l y  read, [ 2 6 ] and h i s  opinions sparked 
editors o f  many agricultural per iodica l s  t o  ask the i r  
sub s cribers f o r  advice based upon emp i r ic al  e xper ience 
with earthen buil dings on the Ame r i can front i e r . 

The most support ive editor wa s John St ephen 
Wright , o f  Chicago ' s  Prairie Farmer . Between 1 8 4 3  and 
1 8 5 5  there were over forty r e ferences in this pe r i odical 
which d i s cu s s e d  e arthen w a l l  mixtu res and e xamp le s ,  mo re 
than any other Ame r i can j ourna l .  Farmer s  throughout t he 
upp e r  Midwest wrote to the P r a i r ie Fa rmer with their 
favorab l e  or c r it i c a l  comment s .  But by the early 1 8 5 0 s  
other cheap mat e r i a l s  f o r  economi c al  hous e s ,  such as sawn 
lumber and f ired b r i cks , were more popu l a r ,  mo re abundant , 
ea s i e r  to handl e ,  more port abl e ,  and they more e a s i l y  
coinc i ded w i t h  preva i l ing t a s t e s  o f  what constituted 
p rope r dome s t i c  archit ecture for those no longer poor and 
indigent on the p r a i r i e . Based upon the few documentary 
examp l e s  i n  t he e a st e rn u . S .  o f  rammed e arth or unburnt 
b r i ck con s t ru ct i on during the two decades after 1 8 5 0 ,  the 
peak p eriod for e arthen w a l l  popu larity coinc ided with the 
1 8 4 0 s . After 1 8 7 0 ,  there was no art i cu l at e d  rat i onale in 
the Ame r i can architectural o r  agricultural p re s s  for 
earthen wall con s t ruct i on unt i l  a ft e r  World War I .  
Howeve r ,  a d i s cu s s ion o f  Ame r i can interest in adobe and 
its a f f i l iated t e chnologies du ring the t went ieth century 
reache s beyond the s cope o f  this pape r . 

Conclusion 

E a s t e rn North Ame r ican adopt ion of rammed earth 
bui lding me thods de rived most s ign i fi cant ly f rom Henry 
Hol land ' s  1 7 9 7 t rans lat ion o f  Francoi s  Cointeraux ' s  f i r s t  
t w o  cahiers ( 1 7 9 0 - 9 1 ) , as  pub l i shed i n  t h e  Communications 
of the B r it i s h  Board of Agr i cu lture . Cointeraux, an 
adventurous rural architect , p romoted a method o f  bui lding 
indigenous t o  his nat ive Lyo n ,  because he saw the need for 
an e conomi ca l ,  f i reproof mat e r i a l  that " t he common man "  
could grasp and because n o  one had yet adequat e l y  
e xp lained h o w  this coul d b e  done . On t h e  Ame r ican 
cont inent , Cointe raux ' s  i de as , f i lt e red at f i r s t  t hrough 
Hol land and h i s  Ame r i can imitat o r ,  Stephen John s o n ,  took 
root qu i ck l y . Rur al  bui lde rs were anxious for an answer 
to t he que s t ion o f  how t o  build a cheap , durab l e ,  and 
e a s y-to-e rect st ructure . 
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But in t he face of bit ing northern frost s and 
abundant ra in f a l l ,  pre j ud i ce about " mud hou se s "  p e r s i s t e d ,  
despite t h e  pub l i c i ze d  succe s s fu l  e xper iment s .  The 
economy o f  such hou s e s  was a l s o  unde rmined by the 
increas ing cheapn e s s  of other bui lding mat e r i a l s  that were 
made more acce s s ib l e  by canal and ra i l road expans i on . The 
e a s e  o f  earthen wall con s t ruct ion was l ikewise c a l l e d  into 
qu e s t ion by those who want e d  home s without having t o  wait 
for a p roper s e a s on t o  dry a spe cial ly-mou lded b r i c k ,  
fo rmed f rom a s p e c i a l  recipe o f  sand, grave l ,  c l a y ,  o r  
loam . 

The sa feguards that a l l eviated these p roblems 
p rovide les sons for today ' s  con s e rvat ion i s t s  who mi ght 
conf ront an Ame r i can rammed earth s t ructure . Bu i l ding a 
p rope r foundat i on was a lmost mandat ory . Construct ing 
eave s t hat f lared s u f f i c ient ly t o  throw wat e r  far enough 
from the wa l l  and i t s  base to prevent int ru s ion was 
another prerequ i s it e . Jo ining t he b r i ck s  carefully with 
wood j o i st s ,  s i l l s ,  l inte l s ,  sash, lath and rafters was 
also c r it i ca l ,  as was f inding the p rope r coat ing t o  appl y  
over the part i cular kind of e art h  used t o  make t h e  wa l l . 

The dive r s it y  o f  t e chniqu e ,  funct i on ,  s t y l e ,  and 
mat e r i a l  t hat charact e r i z ed Eu ropean and North Ame r i can 
ea rthen wa l l  construction from the l at e - e i ghteenth t o  the 
mid-nineteenth centurie s ,  as depi cted in t he remarkable 
range of pub l i cat ions surveyed above , sugge s t s  t hat no 
s ingle formula e x i sted for earthen home s one might bui ld . 
Fuller appreciat i on for the unique combinat ions that 
bu i lde r s  employed can be gained by examin ing the rammed 
earth or unburnt br ic k s t ructures t hems e lve s . The seve r a l  
that survive a t t e s t  t o  t h e  du rab i l i t y  o f  t h i s  bui lding 
t e chno logy , even in a c l imate not norma l l y  conduc ive to 
the f lou r i shing o f  adobe . 
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ABSTRACT 

The explos ive growth of the 
Mexico City Metropo l i tan 
Area , and the deep change s 
in the l i fe s tyles o f  its in
habitants , have brought the 
use of traditional building 
methods in adobe practically 
to an end ; adobe i s  now sel
dom used , but an enormous 
number of bui ldings of a l l  
type s made o f  t h i s  material 
s t i l l  exist . By breaking the 
metropo l itan area into zones 
relating to soil types and 
environmental conditions , we 
have found that , within a 
gene ral framework o f  build
ing us age appl icable for the 
who le area , adobe and its 
related bui lding methods can 
be studied a s  the result o f  
truly regional and even l o 
c a l  deve lopments , responding 
succ e s s fully to the require
ments o f  the se loca l i t i e s . 
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EL USO DEL ADOBE EN EDIF ICIOS EN EL AREA METROPOLI TANA DE LA 
CI UDAD DE MEXI CO ;  EL PASADO , EL PRESENTE Y LAS EXPECTATIVAS 
PARA EL FUTURO . 

Segi smundo Enge lking Keel ing 
Saul Alc antara Ono fre 
Univers idad Autonoma Metropo l itana-Az capo t z a lco 
Av . San Pablo No . 1 8 0  
Col . Reyno sa Tamau l ipas 
0 2 2 0 0  Az capot z a lco , D . F .  
Mexico . 

I ntroducc ion 

E s te traba j o  e s  parte de una pr imera e tapa de organ i z ac �on de un 
programa de inve stigac ion academi ca que se e s ta rea l i z ando dentro 
de l marco de las actividades docentes de l Departamento de l Medio 
Ambiente de la D iv i s ion de Ciencias y Artes para e l  D i seno , 
Univers idad Autonoma Metropo l itana . Estos traba j o s  se origi nan en 
nuestra preocupacion por la cons tante destruccion de edi ficac iones 
real i z adas en adobe , como producto de l rapido crecimiento de la 
Ciudad de Mexico y e l  consecuente o lvido de las tecno logias de 
construccion en e s te material fundamenta l . 

No comenzar su e s tudio ahora , impl icara una cada vez mayor 
dificultad para su ana l i s i s  de sde el punto de vista e s tadist ico . 

La me ta de e s te programa de e s tudios sera e s tablecer cr ite
rios para determinar la monumental idad que los edificios de ado
be pueden alcanzar en el contexte de l medio construido existente 
en e l  pais , y as i gnar j uicios de valor que no necesar iamente 
e s te n  vinculados a la nocion de que e s te material se usa solo en 
construcc ione s paupe rrimas y de sprec i able s .  

E l  ambito geografico ; condic i ones f i s icas 

En e s ta i nve s t igac ion nos hemos dedi cado al e s tudio de la cons 
truc c ion de adobe existente en a lgunos poblados absorbidos por 
el crec imiento de la Ciudad de Mexico y las areas r iberenas de los 
antiguos Lagos de Chalco y Texcoco , inc luyendo los Municipios de 
Atenco , Ecatepec , Texcoco , Chima lhuac an , I xtapaluca y Chalco , y 
los Mun i c ipios de T l a lmana lco y Amecame ca , que mue stran una sec
c ion tipica de la orografia y de las variaciones c l imaticas de 
flora y fauna , a s i  como la composic ion geologica y de sue los que 
se pueden encontrar en la mayor parte de l Va l le de Mexico . Estas 
areas aun cuando conservan muchas de sus caracteristicas rura les , 
se encuentran en un proceso de trans i c ion a forma s de vida urba
nas , incluyendo la adopc ion de me todos de cons trucc i on no tradi
c ionales . 

Caracter i s ticas geograficas de l Va l le de Mexico 

En e l  extremo sur de la Meseta Centra l a Altip lano Mexicano , se 
encuentra , a una a l tura de unos 2 2 4 0  m. sobre el nive l de l mar , la 
depre s ion conocida tradic iona lmente como e l  " Valle de Mexico " . 
E s te termine , que por razone s de orden historico y de uso genera l i 
z ado seguiremos ut i l i z ando , e n  rigor n o  e s  correcto , pues debe ser 
de fin ido como cuenca , dado que se encuentra rode ada por cadenas 
montanosas que , por su peculiar ordenac ion impiden la exi stenc i a  
d e  una linea d e  drena j e  superficial que permite la eros ion 0 mode
lado , caracteri stica de un Va l l e . 

Dicha cuenca tiene una forma aproximadamente ova l , cuyo e j e  
mayor , de Nore s te a Sureste e s  de unos 1 1 0  km , y e l  menor , de 
E s te a Oeste de unos 8 0  km . ( ver f igura 1 ) . 

La cuenca de Mexico debe su formacion a procesos vo lcanicos 
y tectonicos que se han ido desarro l lando en los ultimos 50 m i l lo 
n e s  d e  anos como parte d e  la formacion d e  la f a j a  vo lcanica trans 
mexicana . 

E l  va l le 0 cuenca se encuentra rodeado a l  Sure ste por la 
S ierra de Rio Frio y por la S ierra Nevada , que incluye los vo lca
nes Popocatepetl , con 5 4 3 8  m.  S . N . M .  y el I z tacc ihuatl , con 
5 2 8 6m .  E s ta se l i ga por el Sur con la cadena de l Chichinaut z i n  y 
la de l Aj usco , consti tuyendo parte integral de la cordil lera neo
vo lcanica . Del Suroeste a l  Noroe ste se ext ienden las Sierras de 
Tepo z otlan y de Te zontla lpan , l i gando se con la serrani a  de Pachuc a .  
Por e l  Nororiente encontramos las S ierras de Chichicuaut la , de l 
Tepo z an y Ca lpulalpan . 
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Figura 1 .  Las S ierras y Lagos del Val le 
de Mexico . 

Dentro de e s ta cuenca se encuentran otras formacione s meno
re s ,  como la S ierra de Guadalupe , la de Santa Catalina y la de 
Caldera , al Oriente , as! como eminencias ais ladas , como e l  Cerro 
de la Estre l l a , el Pefi6rr de l Marques y algunos otros . 
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Dadas las grande s variaciones orograficas , las caracter!sticas 
c l imaticas de las diversas zonas de 1a cuenca son igualmente va
riadas . En terminos generales se encuentran dos regimenes c l ima
ticos establecidos : al Norte , segun el s i s tema de Koppen para con
diciones medias , exi ste un c l ima de tipo " seco estepario" con l lu
vias escasas . Al Sur , inc luyendo la gran masa de la Ciudad de Me
xico , se tiene un tipo templado moderado l luvioso , con precipita
ciones mayores a 7 5 0  mm. anuale s ,  resultantes princ ipalmente de 
los vientos a l i s ios humedos provenientes del Noreste . Por otra 
parte , hay una tendencia a tener una mayor precipitac i6n en las 
faldas de las montafias que en las areas planas . La temporada de 
l luvias se extiende en general , entre los meses de Mayo y Octubre . 

La temperatura media anual para la cuenca es de 1 5 ° C . ; la 
maxima a la sombra es  de 3 1 ° C . y la m!nima de 4 ° C · a 6 ° C ,  con algu
nas he ladas en invierno , aunque existen di ferencias segun alturas 
y cercanias a las montafias . Por otra parte , la temperatura ha au
mentado en areas como la Ciudad de Mexico a 8 ° C ,  6 1 0 ° C ,  debido al 
gran aumento en la contaminaci6n ambiental .  

Hidrolog!a 

La condici6n de cuenca de l Val le de Mexico determina que todas las 
corrientes superficiales provenientes de la serranias circundante s , 
fluyan hac ia la depre s i6n central ,  la cua l , no teniendo salidas de 
descarga , ha formado una serie de lagos y lagunas , entre las que 
se pueden sefialar como mas importantes las de Texcoco , Chalco , 
Xochimilco , Zumpango , San Cri st6bal y Xaltocan . De e stos poco exi s
te ahora debido por una parte a la tala inmoderada en los bosques 
exi stente s y a la extracc i6n de grandes volumenes de agua fuera de 
la cuenca desde el Siglo XVI I I . Ultimamente , gran parte ha s ido 
bombeada del subsuelo con la cons iguiente de formac i6n diferenc ial 
de l mi smo . 

Geolog!a 

Las principales formacione s petreas son de rocas {gneas extrusivas 
( ande sicas , riolit!cas y basaltica s )  de l terciario y cuaternario , 
que yacen discordantemente sobre las rocas mesozoicas marinas , cu
briendo la mayor parte de la cuenca ; en las faldas de las serra
n{as tambien existen rocas sedimentarias c lasticas ( areniscas y 
gravas )  y arcillas , asociadas con piroc lasticas ( tobas ) .  La mayor 
parte de la planicie de la cuenca esta formada por arcillas lacus
tres , practicamente impermeables , 0 con dep6s itos permeables 0 



Figura 2 . 

Figura 3 .  

gravas y arena s , concentradas especialmente en las areas de desem
bocaduras de rios . 

Sue los y flora 

La complej idad litologica de la conformacion del area ocupada por 
la zona metropolitana , determina que en ella se haya desarrol lado 
una gran cantidad de tipos de suelo . S in embargo , la relativa j u
ventud de las formac ione s geo logicas explica la exis tencia de 
andosoles ricos en cenizas volcanicas ,  y litosoles con formaciones 
petreas aparente s ,  predominante s hacia el Sur y e l  Oes te , a s i  como 
las grandes extensiones de regosoles y fluvisoles de origen alu -
vial volcanico , presentes en la vec indad de los volcane s popocate
petl e I xtacc ihuatl . Por otra parte , hacia el Norte predominan for
maciones como vertisole s , ( Cuautitlan a Texcoco ) ,  muy arcillosos 
con concentracione s de calcio , y sue los feozem , ricos en materia 
organica y de gran productividad agricola , denotando una mayor an
tiguedad . Finalmente se tienen suelos solonchac en los fondos de 
los antiguos lagos , complementados por histosoles y gleysoles en 
el  antiguo lago de Chalco ( Xochimilco y Mixquic ) ,  con altas concen
centraciones de sales y cambiosoles humidos en las areas boscosas 
cercanas a los volcane s . 

Los sue los mencionados de finen ampliamente los tipos de vege
tacion exi stente : bosques de montanas , yendo de caduc i folias a 
con i feras segun la altura , pastizoles con matorral en las parte s 
baj a s , con algunas e species mayores como pirul , fresno , etc . , y en 
las zonas mas aridas exis tencia de plantas de tipo desertico , como 
nopales ( opuntia sp . )  y magueye s ( agave sp . ) .  En muchos lugares e l  
crec imiento desorbitado de la mancha urbana h a  deteriorado el  ba
lance ecologico en forma irrevers ible . 

De sarrollo de la Ciudad de Mexico y la presencia historica de l 
adobe 

Al igual que en otras regiones de l mundo , Mexico ha conocido una 
larga historia en el uso del adobe . En " La venta" , Edo . de Tabasco , 
existen piramide s recubiertas de piedras y lodo , que datan de l ana 
8 0 0  A . C .  Y en Cuicuilco , en el Valle de Mexico , desde el ana 6 0 0AC . 
s e  construyo el primer basamento de piedra de grandes dimensione s , 
en que se usa barro como aglutinante j en Comalcalco , Tabasco , ya 
en tiempos c l asicos ( c .  7 0 0  D . C . ) los Mayas construyeron piramides 
y templos en ladr i l lo crudo y quemado a falta de piedra en la zona . 

En e l  ana 1 3 2 5  D . C . , fecha tradicional de la fundacion de la 
Ciudad de Mexico-Tenochtitlan , e l  Valle de Mexico se encontraba ya 
cons iderablemente poblado , con una economia basada tanto en agri
cultura de tempora l ,  incluyendo agricultura por terrazas , como de 
chinampas en las areas lacustre s . Era generalizado el uso de tec
nicas de baj areque y de adobe para las construcciones de los mace
huales ( ciudadanos comunes )  y aun de clases mas alta s , como los 
comerciantes ( pochteca)  j la construcc ion de mamposteria con morte
ro de cal se reservaba principalmente para la noble za 0 los tern -
plos . 

Tras la conquista de la Gran Tenochtitlan , los Espano les no 
tuvieron gran dificultad en entrenar a los indigenas en las tec -
nicas de edi ficacion europea para los traba j o s  de reconstrucc ion , 
pue sto que muchas de e l l a s  se uti l i z aban en Mexico , entre e l las 
las de adobe . 

Un buen e j emplo de adobe prehispanico fue encontrado en las 
excavacione s de s alvamento e fectuadas durante 1 9 8 9  en la calle de 
Francisco Gonzalez Bocanegra , Colonia More los , por las Arqueologas 
Maria de l Jesus Sanche z Vazque z ,  Margarita Carballal Staedtler y 
Maria Flores Hernande z ,  Subdirecc ion de Salvamento Arqueologico , 
I . N . A . H .  La excavacion , local i z ada en 10 que aparentemente fue un 
barrio de nobles y pochteca s , descubrio restos de con s trucc ion 
habitacional correspondiente al  postclas ico tardio ( 1 4 7 3 - 1 5 2 1 ) .  
E sta incluye cimientos de piedra basaltica y de tezontle de solo 
2 2  cm . de ancho y 3 . 8  cm . de altura , sobre los que de splantan mu
ros de adobe de 47 cm . de largo , 2 2  cm . de ancho y 8 cm.  de altu
ra , evidenc iando poca preocupacion por los problemas de humedad 
a scendente y una cubierta necesariamente l igera , probablemente 
armazon de madera con paj a ,  10 que se confirma por huellas de pos
tes . ( ver figuras 2 y 3 ) .  

Durante el  s iglo XVI existio una c lara diferencia entre la 
construccion e spanola hecha en mamposteria de piedra con argamasa 
de cal , en el  centro de la  Ciudad de Mexico y otros poblados impor
tante s ,  y las construcciones indigenas de la per i feria , rea l i z adas 
en su gran mayoria con adobe . Kubler ( 1 )  menc iona que , segun Cer
vantes de Salazar , los materiales de barro eran cons iderados vile s , 
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comparando con la  piedra . E sta nOClon se mantuvo en todos los ni
veles sociale s , incluyendo a los remanentes de la nobleza indfgena 
que 10gr6 sobrevivir a los profundos c ambios sociales promovidos 
por un progre so de colon i z aci6n , mismo que dentro de sus pos ibili
dade s adopt a las formas Espanolas , incluyendo la construcc i6n de 
casas de mamposterfa y mortero de cal con puertas ,  ventanas y cu -
biertas de viguerfa e scuadrada . 

Otra condicionante para la exis tencia de construcciones de 
adobe fue la vecindad de l :  Lago de Texcoco y e l  con s tante pe ligro 
de inundaci6n que pre sentaba si  la  precipitaci6n pluvial era exce
s iva . Este fen6meno era conoc ido desde mucho ante s de la conquista 
y era de considerable importancia , dada la gran dependencia de la 
economfa de los habitantes del Valle con los Lagos . Se ha detecta
do de sde tiempos preclas icos un constante cambio de ubicaci6n de 
poblados riberenos a la re lac i6n de los cambios de nive l de las 
agua s . 

Antes de la l legada de los Espanoles hubo inundacione s impor
tante s i la de 1 4 4 9  ( 2 )  llev6 a la  cons trucc i6n del albarrad6n de 
Netzahualcoyotl ,  que extend fa desde e l  poblado de Ixtapalapa hasta 
Atzacoalco , cercano al  cerro del Tepeyac . Los primeros anos de la  
Colonia transcurrieron s in grandes incidente s ,  hasta 1 5 5 5  en que 
la Ciudad de Mexico y otros pueblos riberenos quedaron inundados 
con gran dana a las construcciones .  Siguieron las inundac iones de 
1 5 7 9 - 1 5 8 0 , de 1 6 0 4 , 1 6 0 7  Y la de 1 6 2 8 , que continu6 hasta 1 6 3 3 , 
obligando a las autoridades a buscar una soluci6n al problema la 
que , tras mucho argumentar , fue dada por el  ingeniero Aleman , 
Enrico Martfnez . Esta consisti6 en desviar las aguas del Lago 
Zumpango , hacia el  Rio Tula , que queda fuera de la  cuenca , por 10 
que se debfa hacer un socav6n de unas 1 4 , 8 5 0  varas ( unos 1 1 , 8 8 0m)  

A partir de e s tos traba j o s  y posteriormente con la  apertura 
de l ta j o  de NOchistongo , comenzado en 1 7 9 8 , el gran canal del 
de saglie reali z ado durante el s iglo pasado , y los trabaj os del 
s i stema de drenaj e  pro fundo de la Ciudad de Mexico , de real i z a
ci6n reciente , los nive les de los lagos han ido baj ando hasta 
hacerlos casi desaparecer (ver figura 4 ) . 

Las inundaciones producidas por los lagos y pos teriores medi
das de control traj eron dos resultados importantes para la cons -
trucc i6n de adobe : 

la o Que e s  casi imposible encontrar e·dificios anteriores al ana 
1 7 0 0  (y aun pos teriormente ) ,  debido al pe l igro que se corre con 
construcc ione s de adobe en areas inundable s .  Por 10 tanto , se 
puede decir que practicamente todos los edi fic ios de adobe perte
necientes al perfodo 1 5 2 1 - 1 7 0 0  se podran encontrar en regiones 
tradicionalmente seca s , como los antiguos poblados de Mixcoac , 
Tacubaya , Tlalpan , Huexotla , Texcoco , Tlalmanalco , Teotihuacan , 
Amecameca , Tlalnepantl a ,  etc . 

2 a .  Que , debido al drenado de los lagos a partir de l Siglo XVI I I  
s e  construy6 mucho e n  adobe e n  las tierras ganadas . En terminos 
generales se podrfa e stablecer una cronologfa de construcc ione s 
en base a su ubicac i6n relativa a los nive les de secaci6n alcanza
dos en fechas dada s , como en el  caso de Chalco , en que encontra
mos un edificio con rasgos barrocos tfpicos de mediados de l S iglo 
XVI I I , pero con muros de adobe , 0 de los pueblos de I xtacalco , 
Santa Anita Zacatlalmanco , y la Magdalena Mixhiuca , cercanos a la 
Ciudad , en que la construcci6n de adobe serfa posterior a 1 8 0 0 , 
o Ayotla en que las construccione s son mas recientes . 

El principio del fin 

El de sarrollo de la construccion en adobe en el  Valle de Mexico en 
t iempos en que los cambios sociales , tecnologicos y economicos eran lentos y 
paulatinos garantizaron la supervivencia de tecnologfas netamente tradiciona -
les como el adob e .  Pero con los t iempos de paz que a partir de 1 9 2 1  se experi -
mentan en la Ciudad de Mexico , con el f in de la Revolucion Mexicana , comienza 
un proceso de acelerado crecimiento en todos los ordenes . 

La poblacion del D istrito Federal , que en 1895 era de 426 , 804 habitan
tes , para 1 900 era ya de 540 , 4 78 . A partir de 1 930 la poblacion comienza a 
modificar con mayor rapidez todos los patrones tradicionales , incluyendo for -
mas de constru ccion . 

Como indicador claro se muestra el crecimiento de la poblacion en la 
tabla I .  



Figura 5-6 . Ixtapaluca . 

Figura 7 .  Casa colonial en Chalco . 

Figura 8 .  Troj e en Texcoco . 

Figura 9 .  Iglesia abandonada en 
Texcoco . 

Figura 1 0 .  Casa con estab l o .  Gpe . 
Victoria , Ecatepec . 

Tabla I :  Crecimiento demografico en la cuenca : 

1895 

1 900 
1 930 
1 940 
1 950 
1 960 
1 9 7 0  
1980 

Distrito Federal 

426 804 

540 478  
1 229 575  
1 7 5 7  530 
3 050 442 
4 870  8 7 6  
6 874  1 6 5  
9 639 800 

( fuent e :  censos de poblacion 1895-1 980) 

1 
2 
3 
5 
8 

1 2  

Cuenca 

625 935 
225 000 
633 407 
807 232 
643 425 
600 000 (aprox . )  

Se estima que para este ana la poblacion ha l legado a los 18  0 20 millo
nes , que equivale al 20% del total del pafs . Tan rapido crecimiento solo se 
puede atribuir a un fuerte proceso de inmigracion , que es explicable si se con
sidera que en la zona metropolitana existe mas del 30% de la planta product iva . 

Las cifras anteriores se ref lej an claramente en los tipos de construc -
c�on que se han detectado en los diferentes levantamientos censales . Los de 
1 950 , 60 , 70 y 80 , muestran la tendencia irreversible a la desaparicion de la 
tecnica del adobe en el Valle de Mexico . Para efectos comparativos la tabla II 
presenta los datos de vivienda total y las hechas en adob e ,  tabique 0 b lock de 
cemento ,  y madera , en e l  Distrito Federa l .  

Tabla II : Vivienda 

Total en adobe en tabique 0 b lock en madera 

1 950 784 082 128 709 394 0 1 2  53  924 
1 960 902 083 1 9 1  3 1 4  6 1 8  9 6 2  4 4  4 6 6  
1 9 7 0  2 1 9  4 1 9  73  256 076  7 6 6  33 4 1 7  
1 980 747 102  46 144 6 3 7  070  16  438 

( fuent e :  censos de poblacion 1 950-1980)  

Estas cifras indican que , mientras e l  numero de construcciones de adobe 
en solo 30 anos se ha reducido en un 60% , la construccion en tabique roj o 0 
b lock de cementa con refuerzos de concreto armado ha crecido en mas de 400% , 
constituyendo mas del 93%  del total . 

Caracterfsticas del adobe existente 

Al respecto , hemos realizado una encuesta preparatoria de treinta construccio -
nes en varios sitios del Valle , ya mencionados al principio de este trabaj o .  Se  
obtuvieron los  siguientes resultados :  

1 .  Perfodo de construccion . Mas del 50% de las construcciones datan de 
finales del Siglo pasado y solo el 1 5 %  son atribuibles a las primeras decadas 
del presente . 

Otro 1 5 %  fue diffcil de datar , por no incluir elementos estilfsticos , 
pero tenderfa a corresponder al primer grupo . (ver f iguras 5 y 6 ) . 

Se encontraron ademas tres construcciones coloniales de especial inte
res , (ver figuras 7 , 8 y 9 ) . En todos los casos los constructores son anonimos . 

2 .  Uso s ,  original y ultimo . En el 85% de los casos el uso , original y ul -
timo , es habitacional , con algunas variantes que incluyen establos 0 comercios , 
(ver f igura 1 0 ) . Solo se encontro un caso en que el uso original era de caba -
lleriza y troj e y el actual es habitacion . Dos de los tres ej emplos coloniales 
son atfpico s :  uno es una iglesia y otro un troj e .  

3 .  Cimiento s .  En todos los casos se encontraron cimientos hechos con piedra , 
de preferencia volcanica extrusiva,  para evitar en 10 posible la humedad ascen
dente . El aglutinante fue en el 40% de las veces mortero de cal . Solo en dos 
ej emp los de lodo y el restante en mez c la de ambos .  Siempre se construyeron so
bre e l  nivel del suelo , variando entre 30 y 30 cm . con algunos ej emplos que 
pasan el metro . 

4 .  Adobes .  Se encontraron en una gran diversidad de dimensiones .  Se supone 
que el dimensionamiento se hac{a por cuartas , u o tras medidas corporales ,  va
riando entre los 35 y 50 cm . de largo , 30 y 40 cm . de ancho y 8 a 10 cm . de 
alto . Todos los ej emplos coloniales l legaban a mediar has ta 60 x 50 x 15 cm . 

Las j untas var{an igualmente entre 2 . 5  cm. y 4 cm . y algunas veces mas ,  
casi siempre con raj ueleo de piedra 0 barro recocido para fijar aplanados . 

5 .  Cubiertas . En casi todos los casos las cub iertas son p lanas con enladri-
l lado y viguerfa , en correspondencia con las areas p lanas del Valle . En las 
areas altas como Tlalmanalco y Amecameca,  hay una decidida preferencia por 
cubiertas a dos aguas , dada la mayor incidencia de heladas y probabilidad de 
nieve . Los e lementos portantes son casi universalmente de viguerfa . Por otra 



Figura 1 1 .  Construccion tfpica de 
cub ierta p lana ; Ayot la ,  Edo .  de 
Mexico ,  C. 1 900 . 

Figura 1 2 .  Construccion a dos 
aguas con lamina Galvanizada , C .  
1900 . Tlalmanalco , Edo . d e  Mexico . 

Figura 1 3 .  Cons trucciones a dos 
aguas con tej a p lana , C 1 900 ; 
Amecameca,  Edo . de Mexico .  

Figura 1 4 . Construcciones a dos 
aguas con teja p lana , C 1 900 ; 
Amecameca,  Edo .  de Mexico . 
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parte , es muy raro encontrar edificios de adobe en dos nive les , (ver figuras 1 1 ,  
1 2 ,  1 3  y 14 ) . 

6 .  Acabados . E l  aplanado de cal es e l  mas usado , aunque en tiempos recien -
tes se usa cemento por facilidad . Tambien es comun utilizar unicamente una 
lechada de cal , pintura casi universa l .  

E n  cuanto a l a  composicion d e  l o s  adobe s ,  s e  encontro que e n  las partes 
p lanas del Valle hay una tendencia a mez clar material que ayude a dar adheren
cia tal como paj a ,  estiercol de caballo y cenizas , especialmente en suelos 
feozem y so lonchac cercanos al lago , a diferencia de los f luvisoles de Ameca -
meca y areas cercanas , c onde esto no parece ser necesario . 

Conclusiones 

En el Valle de Mexico hubo una larga tradicion en construccion de adobe con 
gran capacidad de adaptacion a las condiciones naturales imperantes de compo
sicion de suelos , accidentes geologico s ,  variac ion c limatica y diversidad de 
vegetacion . Este sistema constructivo hoy se encuentra en proceso de ext inc ion 
ante la dificultad de adaptarse a los rapidos cambios que impone el desmesura
do crecimiento de la zona metropolitana de la Ciudad de Mexico , y ,  a su incapa
cidad para competir con ventaj a ante materiales como el tabique recocido , e l  
b lock de cemento y e l  concreto armado . Por tant o ,  es d e  gran importancia comen
zar cuanto antes su estudio sistematico y la identificacion de ej emp los rele -
vantes para su conservacion . 
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ABSTRACT 

This contribution does not claim 
to be a complete catalogue of all 
the mud brick architecture that 
has been built in Italy over a 
span of almost thirty centuries . 
Instead it aims to show that this 
ancient technique has a conti
nuity of its own in Italy , too , 
and has produced good examples 
of building construction . It was 
not , however , a technique that 
ever became a practice with deep
rooted traditions and, conse
quently ,  it did not attain high 
levels of maturity. 
The paper denounces the past 
responsibilities of archaeolo
gists who , with their Classical , 
academic training that was direc
ted towards the study of great 
monuments of Greek and Roman 
civilization , paid little 
attention to , or even destroyed, 
the evidence of buildings in 
mud brick , especially of the 
Etruscan period. 
The article also emphasizes the 
fact that , in spite of the recent 
interest in this subject that 
has been recorded over the past 
twenty years in Italy , very 
little has been done by the 
competent authorities to gain 
better knowledge of, or to cata
logue and conserve these nume
rous , important testimonies of 
our past. 
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ARQUITECTURA DE TIERRA EN ITALIA : DESDE LAS COLONIAS GRIEGAS HASTA LA 
DOMINACION ESPANOLA 

Eugenio Galdieri 
Via dell ' Accademia Platonica 12 
00147 RONA , ITALY 

Hasta hace algunos anos Italia no estaba incluida entre los paises dignos 
de ser citados en el campo de las construcciones de tierra: uno de los 
primeros estudiosos de este fenomeno tecnico, social y economico - el Prof. 
P. Vidal de la Blache - en su obra p6stuma del ano 1948 (1 ) ,  ignora 
completamente Italia como lugar de "casas de tierra" , asi como 10 ha 
ignorado la Exhibici6n de Paris en el ano 1982 . Estudios efectuados en los 
anos treinta de geografos como Baldacci ( 2 ) , ademas de otras investigaciones 
mas recientes efectuadas en los anos ochenta ( 3 ) , han permitido modificar 
sustancialmente este juicio negativ�, poniendo a la luz un panorama bastante 
interesante , sea desde un punta de vista cuantitativo como cualitativo . 
Aunque de manera geograficamente discontinua ( y esto tambien por causa de 
la naturaleza del terreno en Italia) en vastas zonas del territorio 
peninsular e insular son muchas las pequenas ciudades compuestas en gran 
parte por edificios de tierra y numerosas son las construcciones en el 
campo , aisladas 0 agrupadas en grupos homogeneos . Se puede afirmar que 
la practica de la construcci6n de casas de tierra se llev6 a cabo por 10 
menos hasta el ano 1950 , cuando , por motivos higienicos , pero a traves 
de leyes no escritas , las autoridades impidieron que se continuase 
construyendo con dicho metodo . Al estado actual de nuestros conocimientos
y a pesar de tener en cuenta las numerosas demoliciones y sustituciones de 
los ultimos decenios - el patrimonio de las casas de tierra en Italia 
( entendemos referirnos a aque11as en normal y continuo uso civil ) abarca 
a una decena de millares de edificios . Estos estan distribuidos en el 
territorio de al menos setenta ayuntamientos , con las mayores concentraciones 
en las provincias de Alessandria ( Piemonte ) ,  de Cagliari ( Cerdefia) y de 
Catanzaro ( Calabria) .  Una catalogaci6n completa de tales nucleos de edificios , 
y de las respectivas tipologias se lleva actualmente a cabo en un proyecto 
que une algunas Universidades italianas y centr�s aut6nomos de investigaci6n 
( 4 )  • Pero el argumento que nos interesa tratar en este encuentro es de 
caracter hist6rico. Nos interesa efectivamente ver que hay detras del notable 
n6mero de construcciones todavia existentes ; nos interesa, por 10 tanto 
intentar entender si tambien en Italia se puede hablar de una tradici6n 
constructiva de la tierra. Ante todo hay que decir que nuestras 
investigaciones nos han llevado a dos conclusiones : la primera es que , no 
obstante la gran difusi6n de las casas de tierra ( fen6meno Mucha mas 
extendido y rico de cuanto se haya imaginado hasta ahora) , la tecnica del 
adobe no ha logrado nunca en Italia , convertirse en una verdadera y 
radicada tradici6n. En consecuencia tal tecnologia especifica no se ha 
desarrollado mas alIa de un cierto limite , ya que han faltado los apoyos 
fundamentales de la creatividad y de la continuidad temporal . La segunda 
es que el uso de la tierra no ha sido casi nunca aut6ctono sino importado 
del exterior , a traves de inmigraciones - mas 0 menos pacificas - de 
otras culturas . Si se quieren buscar los periodos y la naturaleza de 
estos aportes externos , sobre todo en 10 que concierne la antigliedad, se 
pueden individuar cuatro rumbos principales : El p6nico-fenicio desde el 
Sur , dirigido sobre todo hacia Cerdefia meridional ; aquel proveniente de 
Asia Menor , en el cual pueden incluirse sea la corriente griega en el Sur y 
en las Islas , sea el etrusco , presente en Italia central y en el Veneto ; 
el rumbo de Europa Oriental ( los Balcanes islamizados ) ,  dirigido 
principalmente hacia las zonas adriaticas de Italia centro-meridional , hasta 
en el interior; por fin el rumbo espanol , dirigido hacia Cerdefia, las costas 
tirrenicas y ,  quizas , las zonas de tierra adentro de la Liguria. Para estas 
ultimas areas y para aquellas cercanas a la Francia meridional , se habla de 
una posible influencia de poblaciones islamicas expulsadas de Espana. Pero 
este es un argumento que , no obstante me interese particularmente, tendra 
que ser estudiado mas profundamente . 

Por 10 menos cuatro , entonces ,  fueron las contribuciones externas al 
desarrollo de la arquitectura de tierra en Italia, dichas contribuciones 
comienzan en el siglo VIII a . C .  ( influencia p6nico-fenicia ) para llegar 
al siglo XVI con la ocupaci6n espanola. En este lugar nos interesa examinar 
solamente los periodos mas antiguos , para demostrar que , favorecida por 
las influencias exteriores que hemos individuado hace poco , la tecnica de 
las construcciones de tierra en Italia tiene raices muy remotas . 

Como serfa demasiado largo y de poca utili dad ocuparnos de todas las obras 
58 edad antigua real i zadas en tierra en Italia ( muchas de elIas han side 
en efecto reducidas a importantes pero mfseros testimonios arqueo16gicos ) , 
sera quizas mas interesante concentrar nuestra atenci6n sobre algunos 
ejemp10s de mayor importancia historica. 

En Tuscania existe 1a gran insta1aci6n etrusco-romana de Roselle (VIII _ 
III a. C . ) .  Excavaciones recientes pero tambien descubrimientos casuales 
han puesto a la luz algunos edificios civiles del perfodo arcaico ( c .  VII 
a . C . ) ,  formados por grandes ladrillos de tierra. 
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El hallazgo de los restos es importante sobre todo porque confirma la 
hipotesis de finales del siglo pasado ( 5) , segUn la cual casi todas las 
construcciones civiles etruscas estaban hechas de tierra . De Tuscania 
pasamos a Lucania y precisamente a Elea ( la moderna Velia) . De esta colonia 
griego-ionica fundada por los focenses entre finales del siglo VI y la 
primera mitad del siglo V a . C . , se conoce sobre todo la parte monumental 
de la Acropolis.  Pero en la zona casi llana, en la desembocadura del rfo 
Alento , los restos de la antigua instalacion ( aquella en la que ensefiaron 
el filosofo Senofane y luego el mismo Parmenides ) ,  muestran numerosos 
edificios civiles realizados en ladrillos de tierra ( 6 ) . La tecnica etrusca 
del ladrillo de tierra paso directamente , como es sabido , a los 
constructores romanos . Es apenas el caso de recordar que buena parte de las 
habitaciones medio-bajas de Roma estaban construidas en pise 0 en adobe 
( segUn Plinio y Varrone , el nombre de lateres indicaba exclusivamente los 
ladrillos de tierra ) y que Octaviano Augusto en los afios treinta a . C .  se 
vanagloriaba de haber sustituido con piedras y marmoles aquellos barrios 
de Roma que habfan sido construidos con arcilla cruda . 

Mas imponentes y de mayor impacto visivo son los tres ejemplos elegidos 
entre las murallas urbanas , que aquf describimos rapidamente : 
En Gela, en la parte meridional de Sicilia , el general Corin�io Timoleonte 
es obligado en el 340 a. C . , a potenciar y a reparar las mural las de la 
ciudad , hechas con bloques de arenisca. La solucion mas rapida y 
economica fue la de subir las murallas ( hoy quedan de elIas casi 350 
metros , algunos puntos con una altura de mas de 9 metros ) con bloques 
de tierra de 40x40x8 cm . 

Las mural las de Arezzo en Toscana , una de las mas importantes de la 
confederacion de doce ciudades etruscas , fueron construidas en el siglo 
III a . C .  con ladrillos de unas dimensiones de 42x28x12 cm. de solida 
arcilla roja;  el examen de los restos de a��ellas mural las dio lugar 
a la hipotesis que refiere la nota ( 5 ) . 

En Reghion, una de las mas ricas colonias griegas de Italia meridional 
( la actual Reggio Calabria) ,  el cerco de murallas urbanas tenfa una 
longitud aproximada de 4 km en forma de anillo, con una parte de 
contacto con el mar y con otra opuesta sabre la llamada Colina de los 
Angeles , entre las cotas +100 y +200 • Hacia el final de los afios sesenta 
fueron descubiertos y puestos a la luz mas de 150 metros de la parte mas 
alta de las murallas , datadas en el sig10 III a . C . ; estas a diferencia del 
trecho hacia el mar, realizado con solidos b10ques de caliza, estan 
realizados en ladrillos de tierra de unos 30x30x8 cm . Sobre uno de estos 
ladrillos por efecto del enarenado , se ha conservado afortunadamente una 
breve inscripcion esgrafiada con el nombre del lugar P�N ( 7 )  

Para terminar una curiosidad ; justamente en el centro de Roma , durante las 
recientes excavaciones arqueologicas realizadas para liberar la Crypta 
Balbi , ha side hallado y afortunadamente conservado un manufacto circular 
de unos 5 , 80 metros de diametro y unos 4 , 00 metros de altura, posada 
directa - e inexplicablemente - sobre un mosaico de epoca romana ; acerca 
de la fecha y de la funcion de esta singular estructura , realizada con 
sutiles y regulares ladrillos de arcilla clara y depurada. Los estudios 
se encuentran todavia en curso . Sin embargo , se puede atribuir la 
construccion a los siglos II 0 III de nuestra era. De los datos hasta 
ahora en nuestro poder podrfa individuarse el perfodo antiguo mas 
interesante , aquel etrusco y etrusco-romano , mas 0 menos entre el 
V y el III sig10 a . C .  Acostumbrados como estamos a considerar la 
arquitectura etrusca ligada al uso de los bloques de toba 0 de nenfro 0 
incluso a las obras excavadas , en negativ� , en la roca ; y aquella romana 
realizada en marmol , piedra 0 fuertes ladrillos cocidos , el estudio de una 
tecnica tan diferente serfa para nosotros de extrema importancia. Pero , por 
desgracia, de aquel periodo tenemos mas citaciones literarias que 
testimonios concretos , mas documentos que monumentos : la responsabilidad 
de tal hecho ( y por consiguiente de la destruccion de muchos restos 
etruscos de tierra) recae en gran parte sobre la preparacion academica de 
nuestros arqueologos del siglo pasado ( pero tambien de nuestros dfas • • •  ) .  
Para ellos , un "monumento" era tal solamente , si estaba construido con 
materiales nobles , pues la atencion cientffica que ellos prestaron a 
estructuras aparentemente inestables e informes fue muy escasa. El mismo 
fenomeno , por otra parte , se habia verificado en los primeros tiempos en 
Oriente Medio ,  con la destruccion de aque1los que se confundfan con 
pequefias colinas de fango . 

Esta es pues la situacion en Italia; una situacion que tiene que ser 
estudiada todavfa en su totalidad , seguramente mas rica y prometedora de 
cuanto se pueda imaginar . Pero se esta llevando a cabo una furiosa lucha 
con el tiempo : por una parte nuestro deseo de descubrir, registrar , 
salvar ; por otra el avanzar del cemento , el bienestar , el desinteres de 
las autoridades . Este ultimo es el aspecto mas preocupante del pr.Oblema, 
no obstante el interes suscitado tambien en Italia en estos ultimos afios , 
las autoridades municipales y aquellas nacionales de tutela parece que no 
se dan cuenta que un patrimonio singular - no solo aquel de valor 
historico sino tambien aquel todavia hoy de uso normal y civil - esta 
lentamente , pero inexorablemente yendo hacia la destruccion. 
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Termino aqui mi intervenci6n pidiendo que en las recomendaciones finales del 
Convenio se haga un apelo explicito para la salvaguarda de todas las 
construcciones de tierra existentes en Italia. 
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Int roduct i on 

W i  th the s i gn ing o f  the Treat y  o f  Guada lupe - H i da l go i n  1 8 48 and 

the comp l e t  i on of the Gadsden Purcha s e  in 1 8 5 3 , that area now 

known as the Ame r i can Southwe s t  came under the con t ro l  of t h e  

Un i t ed S t a t e s . I mp r i n t ed ove r  the natural topography o f  the 
regi on and the ear l i er Nat ive Ame r i can , Span i sh Co l o n i a l  and 

Mex i c an cu l t ura l t rad i t i ons came Ame r i can s e t t l ement pat t e rns and 
arch i t e c t u ra l  deve l opmen t . Adobe as a p r i mary bui I d i ng ma t e r i a l  

has had a l ong t rad i t i on w i t h i n  t h i s  pat t ern o f  regi ona l 

deve l opmen t . Evo l u t i onary i n  nature , the w i de var i e ty o f  adobe 

resources can be c l a s s i f i e d  i n t o  three bas i c  sys tems o f  

con s t ru c t i on : I n d i genous ( 1 8 48 - 1 88 1 ) ,  V i c t o r i an ( 1 8 8 2 - 1 9 1 4 ) , and 

Rev i v a l  ( 1 9 1 5 - 1 9 48 ) . The t i m i ng of the p r i mary use of each o f  
these s y s t ems i s  t i ed to t h e  deve l opment o f  the reg i on ' s  
t ransport a t i on ,  and i ndus t r i a l  i n f ras t ructure . As the cu l tural  
accep t ance of adobe rose and f e l l  w i t h i n  t h i s  evo l u t i on the 

t rans i t i on f rom one con s t ruc t i on system to the next occurred . I t  
i s  i mportant t o  remember that each o f  these uni que sys tems was 
b a l anced i n  i t s  use o f  mat e r i a l s ,  deta i l ing and me thod o f  reac t i on 
t o  the causes o f  de t e r i orat i on . 

Today many adobe resources cons t ructed between 1 8 48 and 1 9 48 are 
c on s i dered h i s t o r i ca l l y or arch i t e c t u ra l l y s i gn i f i cant . At the 
s ame t i me most o f  these resources have unde rgone add i t i ons , 
repa i r s  and rehab i l i t a t i on meas u re s ; many t i me s  m i x ing toge t h e r  

the t h r e e  pas i c  s y s t ems o f  c on s t ruct i on .  Con s e rvat i on mea sures 
und e r t aken t oday on h i s t o r i c  adobes mus t  cons i d e r  the bas i c  nature 
o f  these con s t ruc t i on sys tems and t he s i gn i f i cance o f  each 

bu i l d i ng feature . 

H i s tor ic Adobe Const ruct ion Systems in the Southwest 

From 1 8 48 t o  1 9 48 three s eparate adobe cons t ruc t i on s y s t ems 
evo l ved in the Ame r i can Southwe s t ; the I nd i genous Sy s t em 

( 1 8 48 - 1 8 8 1 ) ,  the V i c t o r i an S y s t e m  ( 1 8 8 2 - 1 9 1 4 )  and the Rev i v a l  
Sys tem ( 1 9 1 5 - 1 9 48 ) . Each o f  t h e s e  s y s t ems i s  de s c r i bed be l ow . 

The Indigenous Sys tem ( See F i gure 1 )  

The I n d i genous Sys t em o f  Cons t ruc t i on ,  der ived f rom Nat i ve 
Ame r i can , Span i sh Co l on i a l , and Mex i can I n f l uence s , max i m i ze s  the 

use o f  earth th roughou t the bu i l d i ng .  Th i c k  adobe wa l l s ( 46 t o  61 
cm/ 1 8  t o  2 4  inche s ) r i s e d i re c t l y  f rom sha l l ow t renche s . Open ings 

are s ma l l  and f ramed wi th l oca l wood 1 i n t e l s . S i mp l e  doors are 
u s ua l l y  bat t en wh i l e  w i ndows have shu t t e rs on l y . F l oors are 
packed earth or adobe pave r s . Roo f s  are f l at hav ing packed earth 

over a s i mp l e  s y s t e m  o f  l og beams ( v i gas ) branche s ( l at i l l as ) and 

s t raw ( or gra s s ) .  Ra inwa t e r  runs o f f  the roo f th rough wood or 
m e t a l  drains ( cana l e s ) .  H i gh ce i l i ngs (.:!. 4 . 27 m / 1 4  fee t ) m i gh t  

have mus l i n l i n i ngs ( man tas ) .  F i re p l ac e s  a r e  u s ua l l y o f  a 
b e e - h i v e  s t y l e , l ocated i n  a corner of the room and bu i l t  

e n t i r e l y  o f  adobe . W a l l s  are rende red ins i de and out w i th mud 

p l as t e r  s i m i l ar to the adobes . 

Th i s  s y s t e m  o f  c ons t ruc t i on react s  t o  s t orms l i ke a sponge . The 
e a r t hen ma t e r i a l s  s oak up the ra in wa t e r  d u r i ng i n t e n s e  downpours 
and dry out over a number o f  hours . Leaks were not uncommon but 

e as i l y repa i red . Ma i n t enance was requ i red more o f t en but was 

s i mp l e  i n  execu t i on .  The ma s s ive wal l s  and s ma l l open ings a l s o  

t e mpe red the ho t - a r i d  c l i ma t e . 

A l t hough v i rt ua l l y every commun i t y deve l oped i t s  own var i a t i ons o f  
t h i s  s y s t em based upon the l oca l c l  i mat e , types o f  p l ant s and 
t re e s  ava i l ab l e  and the t rad i t i ons of l oc a l  c r a f t sman ; the bas i c  
approach , app l y ing s i t e - formed adobes w i t h l oca l l y cut wood and 
b ranches , was c on s t an t . De t a i l s  o f t en varied by l ocat i on w i t h  wood 
cana l e s  in many pa r t s  of New Mex i co and me t a l  c ana l e s  in many 
part s of Ari z ona . In Tuc s on l a t i l l a s  were o f t e n  made of Saguaro 
cactus r i bs wh i l e in Yuma they u s e d  Arrowweed . 
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F i gure 2 

The Vi ctorian System 
( 1 8 82 - 1 9 1 4 )  

F i gure 3 

The Rev ival Systea 
( 1 9 1 5 - 1 948 ) 
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The Victorian System ( See F i gure 2 )  

As the U . S .  Mi l i t ary e s t ab l i shed camps , pos t s  and forts i n  the 

s ou thwe s t  and as r a i l roads were con s t ruc t e d , V i c t o r i an age 
i ndu s t r i a l  produ c t s  and proces s e s  a r r ived in the region . Two 

i ndus t r i a l  s t ructures changed the method of c ons t ruct ing adobe 

bu i l d i ngs , the s awm i l l  and the l i mek i l n .  Us ing d i mens i oned l umbe r 

i n  p l ace of l ogs and branches and l i me as an ext e r i or coat ing , 

adobe s t ructures needed l e s s  ma i n t enance . They cou l d  a l s o p a s s  as 
more t rad i t i ona l b r i c k or s t one V i c t o r i an s t ru c t ures through the 
u s e  o f  g i ngerbread wood de t a i l i ng and scor i ng o f  the l i me s tucco . 

The V i c t or i an Cons t ruc t i on Sys t e m  o f  adobe re t a i n s  the bas i c  t h i c k  

adobe wa l l s ,  b u t  they a r e  con s t ructed o n  c ont inuous s t one 
f ounda t i ons . The s e  foundat i ons were used for t wo reasons ; f i r s t , 

to reduce the poten t i a l  for r i s ing damp and , s econd , to supp o r t  

wood f ramed f l oors above a n  adequa t e  c r a w l  space . W i ndows have 

l a rger V i c t o r i an p ropor t i ons w i t h  s i mp l e  wood cas ement or 

doub l e -hung wi ndows . L i n t e l s  and cas ings are of d i mens i oned 

l umbe r . Doors are u s ua l l y four pane l s  w i th mo l d ings . Ra f t e r s  and 

ce i l ing j o i s t s  are usua l l y  5 x 1 0  cm ( 2x4 i n )  w i t h  spac i ng as w i de 

as 76 cm ( 32 i n )  on cen t e r . Wood sh i n g l e s  are supported on 2 . 5x5 

c m  ( l x 4  in ) spaced shea t h i ng . Ra i n  wa t e r  fa l l s d i rect l y  f rom 

mode rate eaves or is channe l l ed away f rom the bu i l d i ng through 
ha l f - round gut t e rs and round downspou t s . Ce i l ings may s t i l l  be 
c l o th or 2 . 5x5 cm ( l x 4  cm ) beaded tongue and groove f i r  or p i ne , 

but have been l owered 6 1  t o  1 22 cm ( 2  t o  4 f t ) .  

Ex t e r i o r  wa l l s  are rendered w i th s mooth l i me p l a s t e r app l i e d  
d i re c t l y  to the s c o red or raked adobe sur face . T h e  l i me s tucco i s  
usua l l y wh i t ewashed and i s  o f t en scored a s  s t one o r  b r i ck . L i me 

i s  a l s o used for mortar i n  the s t one founda t i on .  L i me i s  rare l y  
used as adobe mort ar . I n t e r i o r  wa l l s rema in p l a s t e red w i t h  mud 
and e i ther wa l l papered or l i mewashed . S i mp l e  wood j i gsaw deta i l s  

o r  mo l d i ngs are o f t en used . Me t a l  i s  l i m i t ed t o  h i nge s , ha rdware , 

fas teners , s quare nai I s  ( p re 1 8 9 0 )  and anchor bol t s . F i rep l ac e s  
are mos t o f t en c ons t ructed of f i red c ommon r e d  b r i ck , w i t h  m i dwa l l  

p l ac ement and deta i l ed w i t h  V i c t o r i an man t e l s  and overman t e l s . 

The V i c t o r i an adobe a l s o  has many des ign var i a t i ons . In New 
Mex i c o  adobes w i t h f l at roo fs and V i c t o r i an deta i l ing are re fe rred 

t o  a s  "Terr i t o r i a l " des igns wh i l e i n  Ar i zona t h i s  t e rm is most 
o f t en app l i e d  t o  hou s e s  w i th s quare p l ans and pyram i d a l  roo f s . 

S t y l i s t i ca l l y most des i gns f o l l ow Go t h i c  Rev i va l , Queen Anne or 

Co l on i a l  Rev i v a l  t rends . The mos t v i s u a l  change du r i ng t h i s  
per i od i s  t h e  sh i f t  f rom prop e r t y  l i ne row house s i t e p l acement t o  

d i s c r e t e  det ached and o f ten s e t  back s i t e  p l acement . Fi red red 
b r i ck is o f t en found comb ined w i  th adobe . It can be found in 
f i rep l aces , at open i ngs , and a l ong parap e t s  as c op i ngs . 

The Revival System ( See F i gure 3 )  

When the s e t t l e rs i n  the Southwe s t  f i na l l y rea l i z ed that 

sudo - V i c t o r i an des igns f rom the Eas t  l acked reg i ona l c l i mat i c  and 
cu l t u ra l  approp r i a t enes s ,  they spent a good dea l of t i me l ook i ng 
at the Ind i genous examp l e s  to deve l ope M i s s i on ,  Span i s h C o l on i a l  
and Pue b l o  Rev i v a l  Arch i t e c t u re . A l t hough based upon ear l i e r  
examp l e s  these new des igns a r e  contemporary in func t i on and 
cons t ruc t i on method . Adobe , p r i ma r i l y  found in Pue b l o  Rev i v a l  

bu i l d ings , i s  now found comb i ned w i t h  Port l and c ement concrete and 
s t e e l  component s .  

The t h i ck adobe wa l l s are t h i nned t o  25 or 30 cm ( 1 0 or 1 2  i n ) . 

The natural sun - d r i ed adobes are d i f f i cu l t  t o  s ee , be ing t o t a l l y 
encased i n  concre t e . Re i n forced c onc r e t e  f ounda t i ons are t opped 

by a " damp proof cou r s e "  o f  b i tumen or met a l . The adobes r i s e  to 

c onc r e t e  s i l l s ,  s t e e l  l i n t e l s  and re i n forced concre t e  bond beams . 
The wa l l s are p l as t e red ins i de and out w 1 th Po rt l and cement s tucco 
at t ached to ch i cken w i re or w i re lath w i th na i l s  d r i ven into the 

adobe . F l oors are a l s o cons t ructed o f  conc r e t e  us ing the " s l ab on 

grade " method . The s l abs are o f ten t opped w i t h  very hard t i n t ed 

and / o r  scored concre t e . W i ndows feature s t e e l  sash usua l l y  us i ng 
cas ement s t y l e s . Corner w i ndows are used spa r i ng l y . Doors are 
most o f ten bat ten w i t h  rus t i c  wrought i ron ha rdware and face 
moun ted h i nge s . 

The roo f s  are s t ruct ured w i t h t e l ephone p o l e  beams , heavy t i mber 
deck i ng and compos i t i on bu i l t - up f l at roofs beh ind parape t s . 
Ce i l ings may be p l a s t ered or l e f t  natura l wood . Mud mortar i s  
s t i l l  prefe rred when l ay ing the adobe s . Rounded corners , arched 
doorways and rece s s ed n i tches are o f t en found . F i rep l aces are 
more rus t i c but found i n  both c o rn e r  and mid wa l l  l ocat i ons . Many 
bu i l d i ngs cons t ruc t ed dur i ng t h i s  t i me p e r i od are s t y l i s t i c a l l y  
t i ed to ea r l i e r  adobe s t y l e s , but have n o  a c t u a l  adobes i n  them , 
b e i ng rep l aced by f i red red b r i ck or cas t - i n - p l ac e  concre t e . 



F i gure 4 
Indigenous /Victorian 
Comb i nat i on Prob l ems 

F i gu r e  5 

Indigenous /Rev ival 
Comb i nat i on Pro b l ems 
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Deteriorat ion Problems 

It i s  i mportan t  to fu l l y unde r s t and how each of these d i s c r e t e  

adobe sys tems w a s  d e s i gned t o  r e a c t  t o  the cause s  o f  d e t e r iorat i on 
and there fore t h e  weakne s s e s  i n  t he i r  des ign . But i t  i s  a l s o  

i mportan t  t o  rea l i ze that through t i me , repa i rs c an have been made 

to adobe s des igned under one s y s t e m  w i th ma t e r i al s  and techni que s 

f rom anothe r . The haphazard comb i na t i on o f  c ons t ruc t i on s y s t ems 
has , i n  many c a s e s , l e d  to acce l e r a t ed de t e r i orat i on probl ems . At 

the s ame t i me comb ined e l emen t s  may have become h i s to r i ca l l y 

s i gn i f i cant and there fore requ i re u n i que p r e s e rvat i on t reatmen t s  

i n  order t o  pres erve incompat i b l e  de ta i l s  and ma t e r i a l s  toge t he r . 

A p r i me examp l e  o f  t h i s  proce s s  was the V i c t o r i an i za t i on of many 
of The Span i sh Co l on i a l  churches in New Mex i co . Curren t l y  many 
V i c t o r i an feature s , many over 1 00 years o l d  are b e i ng removed f o r  

" a e s t he t i c  pur i t y " , w i t hout documen ted h i s t o r i c a l  j us t i f i c a t i on . 

The m a i n  de t e r i orat i on probl ems o f  each sys t em o f  cons t ruc t i on and 
c omb i na t i ons of s y s t ems are de s c r i bed be l ow . 

I n d i genous Sys t e m  De t e r i orat i on Prob l ems 

1 .  Ba s e  wa l l  eros i on ,  caused f rom r i s ing damp becau s e  the 
adobe s ext end d i rect l y  i n t o  the ground . 

2 .  Sur face eros ion and / o r  coa t i ng f a i l u re , caused by l ack o f  
maint enance . 

3 .  Cracks or l ean ing wa l l s ,  caused by ground movement and 
l ack of any substan t i a l  founda t i on .  

V i c t o r i an Sys t em De t e r i orat i on Prob l ems 

1 .  Bas e  wa l l  eros i on ,  cau s e d  by the u s e  o f  porous s t one 
( sand s t one or l i me s t one ) for the founda t i on ,  wh i ch a l l ows 
r i s ing damp . 

2 .  Surface coa t ing f a i l u re , caused by l ack o f  a mechan i c a l  
key between the l i me p l as t e r  and the adobe . 

3 .  Cracks or l ean ing caused by d i f ferent i a l  s e t t l ement 

of the s t one founda t i on ,  or i mprop e r  t r i angu l a t i on of the 

roof f raming s y s t em . 

Rev i v a l  Sys tem De t e r i o rat ion Prob l ems 

1 .  Mo i s ture bu i l d-up i n  t h e  adobes , cau s ed by l ack o f  a 

damp - p roof cours e , . c racks in the conc r e t e  s t ucco , or l a c k  
o f  p r o p e r  r o o f  drainage . 

2 .  Surface coat i ng f a i lure , caused by the corros i on and 
rus t i ng of me t a l  e l emen t s  i nc l ud i ng ch i c ken w i re ,  w i re 
l a t h , n a i l s  and r e i n forc i ng bars . 

3 .  Cracks , caused by the d i f f e rence in expans i on 
coef fenc i en t s  between c onc r e t e  and adobe . 

4 .  Ro t t ing o f  v i ga ends and other wooden e l emen t s , 
caused by the t rapp i ng o f  mo i s ture beh ind the conc r e t e  

s t ucco . 

I n d i genou s / V i c t o r i an Comb i nat i on Pro b l ems ( See F i gure 4 )  

1 .  S t ones used t o  repa i r  base wa l l  eros i on rare l y  extend 

comp l e t e l y  th rough the wa l l  a l l ow i ng r i s ing damp to 
r i s e  h i ghe r . 

2 .  Wooden f l oors are i n s t a l l ed d i rect l y  on ear l i e r  earthen 

f l oors w i t h  l i t t l e  or no c rawl space . 

3 .  Frame gab l e  roo f s  over ear l i e r  d i rt roo f s  a l l ow for 

poten t i a l  i n c rease in damage f rom insect or mo i s ture 
damage t o  v i gas and l a t i l l a s  by h i d i ng f o rme r l y  open 
areas . 

I n d i genou s / Re v i v a l  Comb inat i on Prob l ems ( Se e  F i gure 5 )  

1 .  Con c r e t e  f l oors poured i n t o  rooms over d i r t f l oors force 
ground mo i s ture into t h e  s u rround i ng adobe wa l l s . 

2 .  Conc re t e  aprons or boo t s  a l s o t rap ground mo i s ture 
into the su rround ing adobe wa l l s . 

3 .  Framed roo f s  over d i rt roo f s  h i de mo i s t ure and i n s ect 
probl ems . 
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V i ct o r i an / Rev i v a l  Comb inat i on Prob l ems 

1 .  Conc r e t e  f l oor s l abs , o f t e n  used for p orche s , 
a l l ow mo i s ture t o  bu i l d -up i n  the base o f  the wa l l s . 

2 .  Chang ing the s u r face coat i ng to c ement s t ucco increases 
damaged f rom na i l s  and ch i cken w i re corros i on and t raps 

mo i s t u re in the wa l l s . 

3 .  Remov i ng V i c t o r i an roof f raming t o  create a f l at roo f 

causes a s i gn i f i cent l o s s  o f  h i s t o r i c  fabr i c . 

4 .  P l a c i ng m i s s i on t i l e on V i c t o r i an roo f f raming can 
s evere l y  ove r l oad the s t ructural members s i zed for wood 
s h i ng l e s . 

Conservat ion Principles 

When wo rking on an h i s t o r i c  

p r inc i p l e s shou l d  b e  fo l l owed : 
adobe bu i l d i ng the f o l l ow i ng 

1 .  Document a l l  ex i s t ing c ond i t i ons e spec i a l l y  the evi dence 

and the sources o f  de t e r i orat i on . Cosme t i c  rep a i rs 

shou l d  be avo i ded . 

2 .  Fu l l y unde r s t and the p r i ma ry method o f  con s t ruc t i on .  

Ana l y z e  both the ma t e r i a l s  used a s  we l l  a s  a l l  o r i g i n a l  
de t a i l s  ( i e .  f l oor t o  wa l l  c onnec t i ons , roo f t o  wa l l  

connec t i ons , wa l l  to ope n i ng connec t i ons , and wa l l  to 
founda t i on connec t i ons . )  

3 .  Eva l u a t e  the s i gn i f i cance o f  a l l  bu i l d ing e l ement s .  
Based upon chrono l ogy , a r t i s t i c  va l ue or 

h i s t o r i c a l  a s s oc i at i on d e f ine wh i ch e l emen t s  shou l d  be 
t reated with the grea t e s t  sens i t i v i ty and h i ghe s t  
con s e rva t i on s t andards . 

4 .  Make repa i rs based upon the p r i mary method o f  
con s t ruc t i on . Avo i d  us i ng hard ma t e r i a l s  t o  preserve 
s o f t  mat e r i a l s . Remove as much concrete as pos s i b l e  
f rom I nd i genous or V i c t o r i an adobes . Exp l o re the use 
of l i me a s  a comprom i s i ng measure on e i ther I nd i genous 
or Rev iva l adobes . 

5 .  Pre s e rve and ma i n t a i n  the ex i s t ing cond i t i ons , un l e s s  a 
l e s s  s i gn i f i cant e l ement i s  damag ing a more s i gn i f i can t 
e l ement , then i mpact the l e s s  s i gn i f i cant e l ement . 

6 .  Make repa i rs that are reve rs i b l e  whe reve r p os s i b l e . The 
wrong i n t e rvent i on can o f ten not be corrected by the next 
c ons e rva t o r . 

Conc lus ion 

Many t i me s  the focus o f  adobe c ons e rvat i on i s  p l aced upon the 
mat e r i a l  i t s e l f  and those mechan i ca l  and chem i c a l  p rope r t i e s  wh ich 
cause the mat e r i a l  t o  de t e r i orat e . The focus o f  the above 
d i s cu s s i on has been to p l ace adobe w i th i n  a con s t ruc t i on s y s t e m  or 
con t ex t , spec i f i c a l l y  three h i s t o r i c  con s t ruct i on s y s t ems found i n  
t h e  Sou thwe s t e rn reg i on o f  t h e  Un i t ed S t a t e s . By und e r s t and i ng 
the nature o f  each s y s t em as we l l  as t he i r  i nd i v i dua l mater i a l s  
the c ons e rvator can make approp r i a t e  i n t e rven t i on dec i s i ons ; and 

the reby , p r e s e rve adobe in i t s  natura l , o r i g i na l , aesthe t i c  s t a t e . 



A B S T R A C T  

F r o m  t i m e i m m e m o r i a l , c l a y 
h a s  p l a y e d  a n  i m p o r t a n t  
r o l e  i n  t h e  b u i l d i n g o f  
h o u s e s  i n  G e r m a n y .  I t s 
g r e a t e s t  i m p o r t a n c e  l a y i n  
i t s u t i l i s a t i o n a s  i n f i l 
l i n g  m a t e r i a l  f o r  w a l l s  
a n d  c e i l i n g s ,  f o r  l a y i n g 
f l o o r s  a n d  a s  m o r t a r .  A l l 
o f  t h e s e  t e c h n i q u e s  w e r e 
c o m m o n  u n t i l t h e  n i n e 
t e e n t h  c e n t u ry a n d  w e r e 
s t i l l  o c c a s i o n a l l y  e m 
p l o y e d  i n  t h e  t w e n t i e t h  
c e n t u r y .  S o l i d  ( " m o n o l i 
t h i c " )  c l a y s t r u c t u r e s ,  
t h a t  i s , b u i l d i n g s  w i t h 
l o a d - b e a r i n g w a l l s  c o n 
s i s t i n g o n l y  o f  c l a y ,  
w i t h o u t  t i m b e r  o r  s t o n e , 
h a v e b e e n  i n  e x i s t e n c e  i n  
G e r m a n y s i n c e  t h e  M i d d l e  
A g e s .  T h e i r n u m b e r  i s  c o n 
s i d e r a b l y  l a r g e r  t h a n  h a d  
f o r m e r l y  b e e n  a s s u m e d  a n d  
t h e y  a r e f o r m a l l y  a n d  
t e c h n i c a l l y  i n t e r e s t i n g  
b u i  1 d i  n g s .  F e w  o f  t h e s e  
b u i l d i n g s  h a v e  b e e n  p l a c e d  
u n d e r  p r o t e c t i o n a s  
h i s t o r i c m o n u m e n t s  b e c a u s e 
t h e  p e c u l i a r i t i e s  o f  t h i s  
b u i l d i n g t e c h n i q u e  a r e o n  
t h e  w h o l e  u n k n o w n .  T h e r e 
h a v e  b e e n  m a n y a t t e m p t s  i n  
G e r m a n y t o  r e v i v e c l a y 
a r c h i t e c t u r e .  T h e  m o s t  
i m p o r t a n t  r e a s o n s  f o r  t h e  
u s e  o f  c l a y a s  a b u i l d i n g  
m a t e r i a l  w e r e i t s i n c o m 
b u s t i b i l i t y a n d  t h e  s a v i n g 
o f  w o o d  a n d  e n e r g y .  

K E Y W O R D S  

C l ay a r c h i te c t u r e ;  
A r c h i te c t u r a l  h i  s to r y ;  
B u i l d i n g te c h n i q u e s ;  
P r o p a g a t i o n o f  t h e  u s e  o f  
c l ay a s  b u i l d i n g m a t e r i a l ; 
U t o p i  a n  a r c h i  t e c t u r e .  

F i g. 1 Dep i c t s  a rammed-earth 
house . 
(" Representat domum ex ar
gi  1 1  a contusam."  Drawi  ng by 
Ludov i c u s  Re i s c h l , W i en ,  
1 780 ) . [7 1  
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N e x t  to t i m b e r  a n d  s t o n e , c l ay h a s  b e e n  t h e  m o s t  i m p o r t a n t  b u i l d 
i n g m a t e r i a l  u s e d  i n  G e r m a n y .  I t  s e r v e d  a s  i n f i l l i n g m a t e r i a l  f o r  
w a l l s  a n d  c e i l i n g s ,  a s  a s e a l a n t  f o r  c r e v i c e s  i n  l o g c a b i n s ,  a n d  
w a s  u s e d  f o r  t h e  c o n s t r u c t i o n  o f  f l o o r s ,  v a u l t s  a n d  o v e n s .  

M o s t  c e r t a i n l y ,  c l a y" s g r e a t e s t  i m p o r t a n c e  l a y i n  t h e  r e a l m  o f  
t i m b e r - f r a m e d  b u i l d i n g s  ( " F a c h w e r k b a u " ,  S e e  f i g .  2 )  w h e r e i t  w a s  
u s e d  a s  a f i l l i n g m a t e r i a l .  I n c i d e n t a l l y ,  t h i s  t y p e  o f  w o r k  
( d a u b i n g )  w a s  n e a r l y  a l w a y s  d o n e  b y  t h e  o w n e r  h i m s e l f , o r  w i t h 
t h e  h e l p  o f  h i s  n e i g h b o u r s ,  a n d  i t  i s  f o r  t h i s  r e a s o n  t h a t  i t  
n e v e r  d e v e l o p e d  i n t o  a p r o f e s s i o n a l  c r a f t  a n d  c o n s e q u e n t l y  s e l d o m  
e n j o y e d  h i g h s t a t u s .  

H O I,/ e v e r ,  t h i s  p a p e r  d o e s  n o t  n e e d  t o  a d d r e s s  t h e  u s e s  o f  c l a y i n  
t i m b e r - f r a m e d  a r c h i t e c t u r e :  T h e n u m b e r  o f  p u b l i c a t i o n s  o n  t h i s  
s u b j e c t ,  a l w a y s  t h e  f a v o u r i t e  c h i l d  o f  b u i l d i n g h i s t o r i a n s  a n d  
e t h n o l o g i s t s ,  i s  l e g i o n .  T h e  p r o b l e m s  o f  t h e  r e s t o r a t i o n o f  
f r a m e d  b u i l d i n g s  a r e  n o t  n e a r l y  a s  g r e a t  a s  t h o s e  o f  s o l i d  c l a y 
s t r u c t u r e s ,  s i n c e  t h e  f r a m e w o r k  o f  t h e s e  b u i l d i n g s , t h e  " p r i m a r y 
s t r u c t u r e "  ( " P r i m a r s t r u k t u r " ) ,  i s  o f  t i m b e r .  I n s t e a d  t h i s  p a p e r  
w i l l  f o c u s  o n  t h e  h i s t o r y o f  s o l i d  ( " m o n o l i t h i c " )  c l a y s t r u c t u r e s  
i n  G e r m a n y ,  i n  p a r t i c u l a r t h o s e  b u i l d i n g s  w h o s e  s u p p o r t i n g  w a l l s  
c o n s i s t s o l e l y  o f  s o l i d  c l a y ( S e e  f i g s .  1 ,  3 a n d  4 ) .  U n t i l r e 
c e n t l y ,  l i t t l e  w a s  k n o w n  a b o u t  t h e  h i s t o r y o f  t h e s e  e d i f i c e s ,  t h e  
s p e c i a l t e c h n i q u e s  u s e d  i n  t h e i r  ( o n s t r u c t i o n ,  t h e i r  a d v a n t a g e s 
a n d  d i s a d v a n t a g e s ,  t h e i r  n u m b e r  a n d  t h e  a r e a s  o f  t h e i r  d i s t r i b u 
t i o n .  O n  t h e  c o n t r a r y ,  a g r e a t  m a n y m i s c o n c e p t i o n s  a n d  p r e j u d i c e s  
a b o u t  t h e m  a r e i n  e x i s t e n c e .  O n e  c a n i n d e e d  m a i n t a i n  t h a t  t h e r e 
h a v e  b e e n  f e w  t y p e s o f  a r c h i t e c t u r e i n  t h e  c o u r s e o f  G e r m a n  
h i s t o r y a b o u t  w h i c h s o  m a n y f a l s e h o o d s  h a v e  b e e n  p r o p a g a t e d .  

I f  a G e r m a n  a r t  h i s t o r i a n ,  a r c h i t e c t  o r  c u r a t o r  o f  p u b l i c  b u i l d 
i n g s  w e r e a s k e d  i f  h e  k n e w  o f  a n y s o l i d  c l a y s t r u c t u r e s  i n  
G e r m a n y  h e  I'/ o u l d  p r o b a b l y  b e  u n a b l e  e v e n  t o  n a m e  a f e w ,  l e t a l o n e  
c o r r e c t l y  t o  d i f f e r e n t i a t e b e t w e e n  t h e  v a r i o u s  b u i l d i n g t e c h 
n i q u e s .  H e  i s  n o t  l i k e l y  t o  k n o w  t h e a g e  a n d  g e o g r a p h i c a l  d i s t r i b u 
t i o n o f  t h e s e  b u i l d i n g s  o r  c o n d i t i o n s  o f  t h e i r  c o n s t r u c t i o n .  Y e t  
t h e  s h e e r  n u m b e r  o f  t h e m  i s  i m p r e s s i v e .  I t  h a s  b e e n  e s t i m a t e d  
t h a t  t h e  s o l i d  c l a y s t r u c t u r e s  i n  G e r m a n y  o r i g i n a t i n g  i n  t h e  
e i g h t e e n t h  a n d  n i n e t e e n t h  c e n t u r i e s n u m b e r  i n  t e n s  o f  t h o u s a n d s  
a n d  t h a t  t h o s e  b u i l t  i n  t h e  t w e n t i e t h  c e n t u r y n u m b e r  s o m e w h e r e  
b e t w e e n  3 0 , 0 0 0  a n d  4 0 , 0 0 0 .  Y e t  i n  G e r m a n y m u c h  m o r e i s  k n o w n  
a b o u t  c l a y s t r u c t u r e s  i n  A f r i c a ,  A m e r i c a  o r  A s i a . I t  i s , a f te r 
a l l ,  v a s t l y  m o r e i n t e r e s t i n g - - a s  t h e  s a y i n g g o e s - - t o  s w e e p  i n  
f r o n t  o f  y o u r  n e i g h b o u r" s  d o o r  t h a n  i n  f r o n t  o f  y o u r  o w n .  

I t  i s  p r o b a b l e  t h a t  t h e  t e c h n i q u e  o f  b u i l d i n g w i t h s o l i d  c l a y h a s  
b e e n  u s e d  i n  G e r m a n y s i n c e  t h e  e a r l y  M i d d l e  A g e s :  S e v e r a l  b u i l d 
i n g s  e x c a v a t e d  a n d  d a t e d  by a r c h a e o l o g i s t s  w e r e  p o s s i b l y  c o n 
s t r u c t e d  a s  e a r l y  a s  t h e  e i g h t h  o r  n i n t h  c e n t u r y .  H o w e v e r ,  i t  i s  
a l s o p o s s i b l e  t h a t  t h e s e  b u i l d i n g s  d a t e f r o m  a l a t e r  m e d i e v a l  
p e r i o d ;  t h e  a r c h a e o l o g i c a l  e v i d e n c e  i s  u n f o r t u n a t e l y  n o t  a l w a y s  
e a s y t o  i n t e r p r e t .  I n  a n y  c a s e ,  m o r e i m p o r t a n t  t h a n  t ne q u e s t i o n 
o f  e x a c t l y  h o w  l o n g  t h e s e  s o l i d  c l a y s t r u c t u r e s  h a v e  b e e n  i n  
e x i s t e n c e  i s  t h e  q u e s t i o n o f  w h y i t  w a s  d e c i d e d  t o  b u i l d  i n  s o l i d  
c l a y .  D i d  t h i s m a t e r i a l m a k e  f o r  m o r e c o m f o r t a b l e  l i v i n g q u a r 
t e r s ?  W a s  i t  b e c a u s e  c l a y vi a s  a s a f e g u a r d a g a i n s t  f i r e ?  O r  d i d  
s o l i d  c l a y h o u s e s  a f f o r d  t h e  o w n e r  h i g h e r  p r e s t i g e ?  L a c k  o f  
t i m b e r  w a s  c e r t a i n l y  n o t  t h e  r e a s o n ,  a s  t h i s  m a t e r i a l  w a s  s t i l l  
a b u n d a n t l y  a v a i l a b l e  d u r i n g  t h e  M i d d l e  A g e s .  

T h e o l d e s t  k n o w n  b u i l d i n g s  a r e i n  S a x o n y  a n d  T h u r i n g i a ,  w h e r e 
m o s t  e x i s t i n g c l a y b u i l d i n g s  a r e  t o  b e  f o u n d  e v e n  t o d a y .  W h e n  
t h i s  ty p e  o f  c o n s t r u c t i o n a r o u s e d  i n t e r e s t  i n  t h e  e i g h t e e n t h  
c e n t u ry ,  i t  w a s  r e p o r t e d  t o  b e  v e r y o l d  e v e n  t h e n ,  a n d  o n e  h u n 
d r e d - o r  t w o  h u n d r e d - y e a r - o l d  b u i l d i n g s  w e r e n o t  i n  t h e  l e a s t  a 
r a r i t y .  

F o r t u n a t e l y ,  t h e r e e x i s t s  a v e ry o l d  w r i t t e n  r e f e r e n c e  w h i c h  w e  
c a n u s e a s  e v i d e n c e  f o r  t h i s  p i e c e  o f  r e s e a r c h .  T o d a y w e  w o u l d  
c a l l i t  a d e t e c t i v e s t o r y .  A p e a s a n t  f r o m  a v i l l a g e  n e a r  L e i p z i g  
t e s t i f i e d i n  1 5 6 0  t h a t  t h e  c l a y w a l l s  o f  h i s  g r a n a r y h a d  b e e n  d u g  



F i g . 2 De p i c t s  a t i mber
framed h o u se .  ( "Representat 
domum ex v i m i n i bu s  contextam."  
Draw i ng by Ludov i cu s  Re i sc h l , 
W i e n ,  1 7 8 0 ) .  (7) 

F i g . 3 Dep i c t s  a house b u i l t  
of  u n f i  red b r i  c k  s ( "Represen
tat  domum ex  tegu l i s  i ncoc t i s  
constructam. "  Draw i ng by 
Ludov i c u s  Re i sc h l , W i en 
1 7 80 ) .  m 

F i g. 4 Dep i c ts a house b u i  l t  
of  wet c l  ay l u m p s . ( "Represen
tat domum ex  g l eb i s  a rg i l l a
ce i s  confectam."  D r a w i ng by 
Ludov i c u s  Re i sc h l , W i e n ,  
1 7 80 ) .  m 
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t h r o u g h  f o r  t h e  p u r p o s e  o f  s t e a l i n g g r a i n . H e  e x p r e s s l y  r e f e r r e d  
t o  t h e  t h i c k n e s s  o f  h i s  g r a n a r y w a l l s : t h e y  w e r e o n e  a n d  a h a l f 
e l l s  t h i c k ,  i . e .  8 7  c m  P l .  T h e r e f o r e w e  a r e c e r t a i n l y d e a l i n g 
w i t h a s o l i d  c l a y w a l l ,  n o t  a t i m b e r - f r a m e d  o n e ,  w h i c h  n o r m a l l y  
h a s  a t h i c k n e s s  o f  o n l y  a b o u t  2 0  c m .  

T h e  f i r s t  s o l i d  c l a y s t r u c t u r e s  w e r e b u i l t  o f  c l a y m i x e d  i n  i t s 
w e t  s t a t e w i t h p l a n t  m a t e r i a l  a n d  t h e n  l a i d  i n  s e v e r a l  l a y e r s  
w i t h p i t c h f o r k s .  S o m e t i m e s  t h e  w a l l s  w e r e f o r m e d  w i t h t h e  a i d  o f  
a s h u t t e r i n g ,  a l t h o u g h  t h e  c l a y w a s  n o t  r a m m e d  ( t h e  m e t h o d  u s e d  
w i t h t h e  " p i s e t e c h n i q u e " ) .  A f t e r  d r y i n g ,  t h e  w a l l s  w e r e  
s m o o t h e d .  T h i s t e c h n i q u e i s  w e l l  k n o w n  i n  m a n y c o u n t r i e s  o f  t h e  
w o r l d ;  i n  G r e a t  B r i t a i n  i t  i s  u s u a l l y  c a l l e d  " c o b " .  I n  E n g l a n d  
t h i s  t y p e  o f  b u i l d i n g h a s  b e e n  i n t e n s i v e l y  s t u d i e d  [ 2] .  T h e r e a r e 
a n u m b e r  o f  h a n d s o m e  c o b  b u i  1 d i  n g s ,  s u c h  a s  t h e  b i  r t h p l  a c e  o f  S i  r 
W a l t e r  R a l e i g h w h o p i o n e e r e d  t h e  f i r s t  ( u n s u c c e s s f u l ) E n g l i s h 
s e t t l e m e n t  o n  t h e  c o a s t  o f  N o r t h  A m e r i c a  a t  R o a n o k e  i n  1 5 8 5 .  
C a p t a i n  C o o k  ( b o r n  1 7 2 8 )  i s  a l s o r e p u t e d  t o  h a v e b e e n  b o r n  i n  a 
c l ay c o t t a g e .  T h e  l a t t e r  i s  n o  l o n g e r  i n  e x i s t e n c e  i n  s i t u :  
A c c o r d i n g t o  m y  i n f o r m a t i o n i t  h a s  b e e n  t r a n s p o r t e d  t o  M e l b o u r n e ,  
A u s t r a l i a . I n  a d d i t i o n t o  t h i s  " c o b "  t e c h n i q u e ,  t h e r e w e r e b u i l d 
i n g s  c o n s t r u c t e d  o f  u n f i r e d  c l a y b r i c k s  c a l l e d  " c l ay l u m p s " ,  m a d e 
o f  c l a y m i x e d  w i t h s t r a w , w h a t  i n  A m e r i c a  i s  m o s t l y  c a l l e d  a d o b e  
( S e e  f i g .  3 ) . 
I n  S a x o n y a n d  T h u r i n g i a  t h e  a u t h o r i t i e s  b e g a n  t o  e x p r e s s  i n t e r e s t  
i n  t h i s  t y p e  o f  c o n s t r u c t i o n a t  a r e l a t i v e l y  e a r l y  d a t e .  T h e  
m o t i v e s  f o r  t h i s  i n t e r e s t  a r e u n d e r s t a n d a b l e  a s  i t  o f f e r e d  a 
s a f e g u a r d a g a i n s t  f i r e i n  t h e  c i ty a n d  t h e  c o u n t ry ( m o s t  b u i l d 
i n g s  w e r e  v e r y m u c h  e n d a n g e r e d  b e c a u s e  o f  t h e i r  t h a t c h e d  r o o f s ,  
t i m b e r  c e i l i n g s ,  e t c . ) .  O n e  w a s  a l s o c o n c e r n e d  w i t h r e d u c i n g t h e  
a m o u n t  o f  w o o d  u s e d  [ 3 1 . 
S i n c e  i t  i s  i m p o r t a n t  t o  c l a r i fy t h i s  m o t i v e  o f  l i m i t i n g t h e  u s e 
o f  w o o d ,  l e t  m e  d i g r e s s  f o r  a m o m e n t .  I s h a l l n o t  l o s e  s i g h t  o f  
m y  g o a l , w h i c h  i s  t h e  e x p l o r a t i o n  o f  t h e  h i s t o r y o f  c l a y a r c h i 
t e c t u r e . 

O r i g i n a l l y ,  t h e  f o r e s t  a n d  i t s p r o d u c e  b e l o n g e d  t o  e v e ry o n e  i n  
c o m m o n .  W i t h i n c r e a s i n g p o p u l a t i o n a n d  t h e  c l a i m s o f  t h e  n o b i l i ty 
a n d  c l e r g y  t o  m o r e e x c l u s i v e r i g h t s t o  t h e  w o o d s ,  t h e  c o n 
s u m p t i o n  o f  f i r e w o o d  a n d  t i m b e r  f o r  b u i l d i n g c o n s t a n t l y  i n 
c r e a s e d .  U n t i l 1 8 0 0 ,  t h e  c o n s u m p t i o n  o f  w o o d  i n  t h i c k l y  p o p u l a t e d  
a r e a s  w a s  e x t r a o r d i n a r i l y  h i g h d u e  t o  t h e  f a c t  t h a t  i t  w a s  p r a c 
t i c a l l y  t h e  o n l y  f u e l u s e d  i n  h o u s e h o l d  h e a t i n g ,  c o o k i n g a n d  
i n d u s t r y b e f o r e c o a l  b e c a m e  a v a i l a b l e .  i n  q u a n t i ty .  C o r r e s p o n d i n g 
l y , i t  w a s  u s e d  i n  e v e r - i n c r e a s i n g a m o u n t s  i n  a r e a s  o f  g r o w i n g 
i n d u s t r i a l  d e v e l o p m e n t .  M a ny w o o d e d  a r e a s  w e r e r u t h l e s s l y  p l u n 
d e r e d  a n d  d e g e n e r a t e d  i n t o  h e a t h s .  T h i  s w a s  t r u e  n o t  o n l y  o f  t h e  
f o r e s t s i n  d e n s e l y  p o p u l a t e d  a r e a s ,  b u t  a l s o o f  t h e  w o o d l a n d s  
f r o m  w h i c h  t i m b e r  c o u l d  b e  t r a n s p o r t e d w i t h r e l a t i v e e a s e ,  e . g . ,  
b y  r a f t .  A n  i m m e n s e a m o u n t  o f  t i m b e r  w a s  u s e d  f o r  t h e  c o n s t r u c 
t i o n o f  c o m m e r c i a l  v e s s e l s  a n d  w a r s h i p s .  F o r  e x a m p l e  i n  t h e  
e i g h t e e n t h  c e n t u r y a b o u t  2 , 0 0 0  o a k  t r e e s  w e r e n e e d e d  f o r  a m a n  o f  
w a r  o f  6 4 g u n s .  I t  w a s  r e p o r t e d  t h a t  r a f t s  o f  i m m e n s e  p r o p o r t i o n s  
w e r e f l o a t e d  d o w n  t h e  R h i n e a n d  t h e  E l b e .  G r a d u a l l y  p e o p l e  w e r e  
f a c e d  w i t h a n  e c o l o g i c a l  c a t a s t r o p h e ( h a d  t h e y  k n o w n  a n d  u s e d  
t h i s  t e r m  a t  t h a t  t i m e ) ,  t h e  d e p l e t i o n o f  w o o d  s u p p l y .  T h e d a n g e r  
w a s  t h a t  s o o n  t h e r e w o u l d  b e  n o  m o r e t r e e s  a n d  t h e  f o r e s t  w o u l d  
b e  u n a b l e  t o  f u l f i l l  i t s f u n c t i o n o f  r e g u l a t i n g t h e  c l i m a t e .  

I n  S a x o n y ,  w h i c h  h a d  s e v e r a l  i n d u s t r i a l l y  d e v e l o p e d  a r e a s ,  t h e  
a u t h o r i t i e s  t r i e d  t o  l i m i t  t h e  u s e o f  w o o d  a s  e a r l y  a s  t h e  e n d  o f  
t h e  s i x t e e n t h  c e n t u r y .  L o c a l  o r d i n a n c e s  p e r m i t t e d  t h e  u s e o f  
t i m b e r  f o r  n e w  b u i l d i n g s  o n l y  i f  i t  w a s  d e m o n s t r a b l y  i m p o s s i b l e  
t o  c o n s t r u c t  t h e m  o f  c l a y .  O t h e r  r u l e r s  o f  t e r r i t o r i e s  i s s u e d  
s i m i l a r r e g u l a t i o n s ,  b u t  o f t e n  n o t  u n t i l 2 0 0  y e a r s  l a t e r .  

A s p e c i a l f e a t u r e o f  c l a y a r c h i t e c t u r e i n  G e r m a n y ,  a s  o p p o s e d  t o  
t h o s e  o f  h e r  n e i g h b o u r s ,  i s  t h e  f a c t  t h a t  c l a y w a s  a s s t g n e d  a 
p a r t i c u l a r r o l e  a t  t h e  t u r n  o f  t h e  n i n e t e e n t h  c e n t u ry .  I n d i v i 
d u a l s  a s  w e l l  a s  g r o u p s  ( n o t a b l y  t h e  a g r i c u l t u r a l  s o c i e t i e s ) ,  
w e r e e n t h u s i a s t i c a b o u t  t h i s  b u i l d i n g m a t e r i a l  a n d  p r a i s e d  i t  
a l m o s t  e u p h o r i c a l l y  a s  b e i n g t h e  o n e  a n d  o n l y  m a t e r i a l  s u i t a b l e  
f o r  t h e  i m p r o v e m e n t  o f  b u i l d i n g t e c h n i q u e .  A t  t h e  s a m e  t i m e i t  
w a s  b e l i e v e d  t h a t  c l a y c o u l d  b e  u t i l i z e d  f o r  t h e  p r o m o t i o n  a n d  
i m p r o v e m e n t  o f  p u b l i c  h o u s i n g .  T h u s  t h e  w r i t i n g s  o f  C o i n t e r a u x  
d e s c r i b i n g t h e  r a m m e d  e a r t h  t e c h n i q u e  b e c a m e  b e t t e r  k n o w n  i n  
G e r m a n y ( a n d  a l s o i n  S w i t z e r l a n d ,  D e n m a r k , a n d  E n g l a n d )  a n d  
r e c e i v e d  m o r e a t t e n t i o n  i n  t h e s e  c o u n t r i e s  t h a n  i n  t h e  a u t h o r- s  
n a t i v e  F r a n c e .  



A g i  r l  the c l ay .  

( So c a l l ed "DUnner-method",  a 
method devel oped i n  the n i ne
teen twe n t i e s ) . [61  

History and Traditions 

T h e f i r s t  p r i n t e d  w o r k  o n  s o l i d  c l a y a r c h i t e c t u r e  i d e n t i f i e d  by 
t h e  p r e s e n t  a u t h o r  w a s  p u b l i s h e d  a n o n y m o u s l y  i n  1 7 3 6  a s  a s i m p l e  
k i n d o f  p a m p h l e t . I t  w a s  a p r o p a g a n d a  p i e c e  o f  s o r t s  p r a i s i n g t h e  
v i r t u e s  o f  s o l i d  c l a y a r c h i t e c t u r e  a s  a n  i d e a l  m e t h o d  o f  i m p r o v 
i n g t h e  f i r e r e s i s t a n c e  o f  b u i l d i n g s .  T h e  a u t h o r  o f  t h i s  p a m p h l e t 
w a s  i n  a l l l i k e l i h o o d  a n  a r c h i t e c t  b y  t h e  n a m e  o f  R i c h t e r ,  w h o  
w a s  p r e v e n t e d  b y  i l l n e s s  f r o m  p r a c t i c i n g h i s  p r o f e s s i o n a n d  
t h e r e f o r e h a d  t h e  l e i s u r e t o  w r i t e l i t t l e  a r t i c l e s e m b e l l i s h e d  
w i t h d r a w i n g s  o n  t h e  i m p r o v e m e n t  o f  d a i l y l i f e ( s e e  f i g . 5 ) .  H e  
h a d  t h e s e  p r i n t e d  a t  h i s  o w n  e x p e n s e  a n d  d i s t r i b u t e d  t h e m  a m o n g  
h i s  f r i e n d s .  I n  h i s  a r t i c l e  o n  t h e  " f i r e p r o o f  f a r m h o u s e , "  R i c h t e r  
s u g g e s t e d  m e t h o d s  w h i c h  m u s t  h a v e b e e n  e x t r e m e l y  r a d i c a l  f o r  h i s  
d a y a n d  a g e ,  a n d  t h e y h a v e b e e n  p r o p a g a t e d  a n d  p u t  i n t o  p r a c t i c e 
o n  a l a r g e  s c a l e  o n l y  i n  t h e  p r e s e n t  d a y .  R i c h t e r  n o t  o n l y  s u g 
g e s t e d  t h e  u s e  o f  s o l  i d c l  a y  w a l l a n d  p i  1 1  a r s  i n s t e a d  o f  t h e  
u s u a l  t i m b e r - f r a m i n g  o f  h i s  t i m e ,  h e  w e n t  o n e  s t e p  f u r t h e r :  I n  
o r d e r  t o  a v o i d  h a v i n g e v e n  a f l a m m a b l e  r o o f  o f  w o o d e n  b e a m s  a n d  
t h a t c h i n g ,  h e  s u g g e s t e d  t h a t  t h e  f a r m h o u s e  b e  v a u l t e d .  I n  a d d i 
t i o n ,  o n  t o p  o f  t h e  v a u l t  t h e r e w a s  t o  b e  s p r e a d  a l a y e r  o f  c l a y 
a n d  s o i l ,  a b o u t  o n e  m e t r e d e e p ,  w h i c h  c o u l d  b e  u s e d  f o r  p l a n t i n g .  
R i c h t e r  h a d a l s o c o n c e i v e d  a n  i n g e n i o u s  p l a n  t o  m a k e  t h i s  r o o f  
g a r d e n  a c c e s s i b l e :  A s p i r a l  s t a i r w a y a r o u n d  a c e n t r a l  n e w e l ,  o n  
t o p  o f  w h i c h s a t  a c o n e - s h a p e d  h o o d  w h i c h  c o u l d  b e  l o w e r e d  t o  
c o v e r  t h e  s t a i r - w e l l i n  i n c l e m e n t  w e a t h e r .  

... . 

59 

F i g . 5 . F l o o r  p l a n  a n d  e l e v a t i o n  o f  a " f i r e p r o o f  f a r m h o u s e " ,  a s  
p l a n n e d  by t h e  S a x o n  a r c h i t e c t  R i c h t e r  i n  1 7 3 6 .  W a l l s  a n d  p i l l a r s  
w e r e t o  b e  m a d e  o f  s o l i d  c l a y ,  t h e  v a u l t s o f  s t o n e .  T h e  r o o f  a r e a  
w a s  t o  b e  f i l l e d t o  a l e v e l  o f  a b o u t  o n e  m e t r e w i t h c l a y a n d  
f e r t i l e  s o i l a n d  p l a n t e d  a s  a g a r d e n .  T h e  c o n e - s h a p e d  r o o f  t o  t h e  
c i r c u l a r  s t a i r w a y w a s  t o  h a v e b e e n  m o u n t e d  o n  t h e  n e w e l  o f  a 
s p i r a l  s t a i r c a s e  a n d  c o u l d  b e  l o w e r e d  i n  i n c l e m e n t  w e a t h e r .  [ 3 1  
( S t u b e = l o u n g e ;  H a u B  = h a l l ;  C a m m e r  = c h a m b e r ;  S t a l l = s t a b l e ;  
K U c h e  = k i t c h e n ) . 
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C h i l dren he l p i n g  to m i x  the 
c l ay by s tamp i ng i t  w i th 
t h e i r  fee t. 

( So c a l l ed "DUnner-me thod",  a 
me thod deve l oped i n  the n i ne 
teen twen t i e s ) .  [6] 

Adobe 90 

T h i s  t h e o r e t i c a l  c o n t r i b u t i o n o f  t h e  S a x o n  R i c h t e r  to t h e  a d 
v a n c e m e n t  o f  a r c h i t e c t u r e i s  e x t r a o r d i n a r i l y  s i g n i f i c a n t :  T h e 
d w e l l i n g o f  m a n ,  w h o  c a n o n l y  t h e n  j u s t i f i a b l y  b e  c a l l e d " h o m o  
s a p i e n s "  w h el1 h e  i s p a r t 0 f G o  d- s c r e a  t i v e  0 r d e r ,  i s t o  b e  b u i 1 t 
m a i n l y  o f  c l a y .  C l a y s t r u c t u r e s  n e e d  l i t t l e  e n e r g y f o r  t h e i r  
c o n s t r u c t i o n ;  t h e y  a r e f i r e - r e s i s t a n t  a n d  e n d u r i n g ;  a n d  w h e n  t h e y  
d e t e r i o r a t e t h e y  c a n  a l s o b e  c r e a t i v e l y  i n c o r p o r a t e d  i n  t h e  
n a t u r a l  c y c l e  o f  g r o w t h  a n d  d e c a y .  S e e n  f r o m  t h i s  p o i n t  o f  v i e w 
u s i n g t h e  r o o f  a s  a g a r d e n  i s  a l s o l o g i c a l , s i n c e  t h e  l a n d  w h i c h 
i s  l o s t  b y  c o n s t r u c t i o n o f  t h e  b u i l d i n g c a n b e  r e c l a i m e d  a s  
f e r t i l e  l a n d .  

D u r i n g t h e  f o l l o w i n g d e c a d e s m a n y  m o r e s u g g e s t i o n s  w e r e  m a d e  f o r  
t h e  i m p r o v e m e n t  o f  a r c h i t e c t u r e a n d  h o u s i n g w i t h t h e  a i d  o f  c l a y ,  
b u t  n o n e  w e n t  b e y o n d  t h o s e  o f  R i c h t e r .  

I n  h e r  e s s a y " T e l l i n g L i v e s :  T h e B i o g r a p h e r- s  A r t " (4 1 , t h e  
h i s t o r i a n  B a r b a r a  T u c h m a n  s t a t e s  t h a t  b i o g r a p h i e s  c a n  a r o u s e  a n d  
g r i p  t h e  r e a d e r- s  a t t e n t i o n i n  m a j o r h i s t o r i c a l  t h e m e s ,  s i n c e  
p e o p l e  a r e i n t e r e s t e d  i n  o t h e r  p e o p l e  a n d  s i n c e  t h e  b i o g r a p h i c a l  
f o r m  c a n i l l u m i n a t e  g e n e r a l  t r u t h s  by m e a n s  o f  t h e  p a r t i c u l a r .  
W h a t  f o l l o w s  a r e a f e w  b i o g r a p h i c a l  d e t a i l s  m e a n t  t o  a c q u a i n t  t h e  
r e a d e r  w i t h s o m e  i d e a s  o f  c e r t a i n  l i t t l e  k n o w n  t h i n k e r s a n d  
a r c h i t e c t s .  I n  d o i n g  t h i s , I h a v e  p u r p o s e l y  c h o s e n  t h o s e  t h i n k e r s  
a n d  b u i l d e r s w h o a r e s c a r c e l y  k n o w n  t o d a y .  
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F i g _ 6 W i l h e l m  T a p p e , d e s i g n o f  a h o u s e  ( F i g .  1 6- )  a n d  g o a t - s h e d  
( F i g . 1 1' )  f o r  a p o o r  f a m i l y .  B o t h  b u i l d i n g s  w e r e c o n s t r u c t e d  i n  
1 8 1 8  o f  a d o b e w i t o u t  u s i n g a c e n t e r i n g a n d  t h a t c h e d  w i t h s t r a w .  
W i t h s i m p l e  b u i l d i n g s  o f  t h i s  k i n d w h i c h w e r e t o  b e  c o n s t r u c t e d  
b y  t h e  o w n e r s  t h e m s e l v e s ,  T a p p e  h o p e d  t o  s o l v e t h e  p r o b l e m  o f  
h o u s i n g s h o r t a g e .  ( 3 l 



C h i l dren he l p i ng to c a r ry 
c l ay - l oave s .  

( So c a l l e d  "DUnner- method",  a 
method devel oped i n  the n i ne
teen twe n t i e s ) .  [6] 

History and Traditions 

O n e  o f  t h o s e  w h o  w a s  n o t  w e l l k n o w n  i n  h i s  o w n  d a y a n d  i s  p r a c t i 
c a l l y  u n k n o w n  t o d a y ,  i s  W i l h e l m  T a p p e ( 1 7 6 9  t o  1 8 2 3 ) .  T a p p e , a 
n i n e t e e n t h  c e n t u r y a r c h i t e c t u r a l  t h e o r i s t ,  a r t i s t ,  a r c h i t e c t  a n d  
p o e t ,  d e s i r e d  t o  s e t  a m a z i n g t h i n g s  i n  m o t i o n w i t h c l a y ,  t h a t  
v e r y e c o n o m i c a l  b u i l d i n g m a t e r i a l .  A b o v e  a l l ,  h e  h o p e d  t o  s o l v e  
t h e  h o u s i n g p r o b l e m s  o f  t h e  l o w e r  c l a s s e s .  

W e  k n o w  v e r y l i t t l e  a b o u t  T a p p e- s t r a i n i n g a n d  d e v e l o p m e n t ,  
m a i n l y  b e c a u s e  a l a r g e  p a r t  o f  h i s  w r i t i n g s  a n d  d e s i g n s  a r e l o s t .  
O n l y  a f e w  o f  h i s  p r i n t e d  w o r k s ,  w h i c h  h e  h a d  p u b l i s h e d  a t  h i s  
o w n  e x p e n s e  a n d  o f  w h i c h  h e  s o l d o n l y  a s m a l l n u m b e r ,  a r e s t i l i  
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i n  e x i s t e n c e .  H e  b e g a n  h i s  c a r e e r  a s  a d v e r t i s i n g e x p e r t  a n d  i n d u s 
t r i a l d e s i g n e r  a n d  t h e n  b e c a m e  a t e a c h e r  a n d  i n s p e c t o r  o f  
d r a u g h t m a n s h i p  i n  t h e  s c h o o l s . H e  l a t e r  t u r n e d  h i s  a t t e n t i o n  t o  
t h e  f i e l d o f  a r c h i t e c t u r e .  I t  i s  i m p o s s i b l e  t o  e s t a b l i s h w i t h a n y 
c e r t a i n ty w h e t h e r  h e  h a d  p r a c t i c a l  t r a i n i n g o r  a n  a c a d e m i c  a n d  
t h e o r e t i c a l  e d u c a t i o n .  

F r o m  1 8 1 3  t o  1 8 1 9  T a p p e  w a s  t h e  c h i e f  a r c h i t e c t  o f  t h e  s m a l l 
p r i n c i p a l i ty o f  L i p p e , w h e r e h e  f o u n d  a p a t r o n e s s  i n  t h e  p e r s o n  
o f  P r i n c e s s  P a u l i n e ,  a v e r y p r o g r e s s i v e p e r s o n a l i ty a n d  o n e  
d e d i c a t e d  t o  t h e  s o c i a l  w e l f a r e  o f  h e r  s u b j e c t s .  F o r  e x a m p l e ,  s h e 
f o u n d e d  t h e  f i r s t  d a y - c a r e c e n t e r  f o r  p o o r  c h i l d r e n  i n  1 80 2 .  I t  
w a s  h e r e t h a t  h e  d e v e l o p e d  h i s  u n u s u a l  i d e a s  f o r  s o l v i n g t h e  
p r e s s i n g h o u s i n g p r o b l e m s  o f  h i s  a g e .  T h e s e  i d e a s  s h o u l d  h a v e  
a s s u r e d  h i m  a p l a c e  a m o n g  t h e  m o s t  i n n o v a t i v e  t h i n k e r s  i n  t h e  
r e a l m  o f  a r c h i te c t u r e ,  b u t  h e  w a s  s i m p l y  f o r g o t t e n .  H e  w r o t e  t w o  
b o o k s o n  h i s t o r i c  b u i l d i n g s  i n  t h e  c i ty o f  5 0 e s t ,  t h u s  p r e s e n t i n g  
u s  w i t h t h e  v e r y f i r s t  i n v e n t o r y o f  h i s t o r i c  m o n u m e n t s  i n  
W e s t p h a l i a .  I n  a d d i t i o n h e  c o m p o s e d  a n  o d e  t o  a r c h i t e c t u r e ( " L i e d 
v o n  d e r  B a u k u n s t " ) .  
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F i g .  7 W i l h e l m  T a p p e- s d e s i g n s  f o r  v a r i o u s  b u i l d i n g s  d e r i v e d  f r o m  
t h e  b a s i c  " h u t  s h a p e " .  C r o s s - s e c t i o n o f  a g r a n a ry w i t h a p u l l e y 
f o r  g r a i n  s a c k s  ( F i g . 2 2 ' ) .  F l o o r  p l a n  a n d  a f a c a d e o f  a b a r n  
( F j g .  2 1' ) ,  l i v i n g a n d  w o r k i n g q u a r t e r s  f o r  d a y - l a b o u r e r s  ( F i g . 
2 5 ) ,  a n d  a b a t h - h o u s e  w i t h t h r e e  i r o n  b a t h t u b e s  ( F i g .  2 3- ) .  T h i s  
s t r u c t u r e ( w i t h h e a t e d  a n t e r o o m ) w a s  v e ry p r o g r e s s i v e f o r  t h a t  
t i m e ,  a s  b a t h i n g w a s  t h e n  c o n s i d e r e d  t o  b e  r e p r e h e n s i b l e . 



W omen form i ng c l ay- l oaves  on 
a tab l e .  

( So c a l l e d  "DUnner-method " ,  a 
method devel oped i n  the n i ne
teen twen t i e s ) .  [61 

Adobe 90 

T h e e x t r a o r d i n a r y t h i n g a b o u t  T a p p e - s i d e a s  w a s  t h a t ,  u n l i k e 
t h o s e  o f  h i s  c o n t e m p o r a r i e s ,  t h e y  w e r e  n o t  1 i m i t e d  t o  t h e  
d e v e l o p m e n t  o f  m e t h o d s  b y  w h i c h i n d i v i d u a l  p a r t s  o f  a h o u s e ,  
w a l l s , c e i l i n g s ,  r o o f i n g ,  e t c . ,  c o u l d  b e  r e p l a c e d  b y  t h e  c h e a p  
a n d  i n c o m b u s t i b l e  b u i l d i n g m a t e r i a l c l a y .  R a t h e r ,  h e  m a d e t h e  
r a d i c a l  s u g g e s t i o n o f  h a v i n g a c i r c u l a r  f l o o r  p l a n  a n d  o f  m a k i n g 
t h e  h o u s e s  d o m e - s h a p e d ,  l i k e h a l f a n  e g g ,  a n d  o f  b u i l d i n g t h e m  
e n t i r e l y  o f  s o d ,  t u r f  o r  c l a y ( s e e  f i g .  6 ) .  H e  d e c i d e d  o n  t h e  
r o u n d  f l o o r  p l a n f o r  a e s t h e t i c a n d  e c o n o m i c  r e a s o n s , a n d  t h e  d o m e  
s h a p e  b e c a u s e  o f  i t s s t a b i l i t y a n d  e n d u r a n c e .  T h e p r o t o t y p e s 
w h i c h  h e  d e v e l o p e d  a n d - - r a t h e r  u n h a p p i l y - - n a m e d  " tJ u t s " ,  w e r e 
a d a p t e d  f r o m  a l m o s t  f o r g o t t e n  a r c h i te c t u r a l  a r c h e t y p e s a n d  w e r e 
i n t e n d e d  t o  s o l v e t h e  h o u s i n g p r o b l e m s  o f  t h e  p o o r e r  c l a s s e s .  T h e 
h o u s e s  c o u l d  b e  b u i l t  b y  t h e  o w n e r  w i t h t h e  h e l p  o f  n e i g h b o u r s  
a n d  w i t h a m i n i m u m  o f  e x p e n s e ,  t h a t  i s ,  w i t h o u t  e m p l o y i n g a p r o 
f e s s i o n a l  c r a f t s m a n .  H e  h a d  d e s i g n e d  t h e  s h a p e  a n d  s i z e i n  s u c h  a 
w a y t h a t  t h e  v a u l t  c o u l d  b e  c o n s t r u c t e d  w i t h o u t  a c e n t e r i n g ;  h e  
a l s o d e v e l o p e d  a n  i n g e n i o u s  m o d e l f o r  c h e c k i n g t h e  v a u l t- s  s h a p e .  

T a p p e  h a d  t h e  o p p o r t u n i ty o f  h a v i n g  o n e  o f  h i s  m o d e l s  a c t u a l l y 
b u i l t . T h e c o n s t r u c t i o n  o f  t h e  f i r s t  a d o b e  h u t ,  w h i c h  r e s e m b l e d a 
b e e h i v e w i t h i t s s t r a w  t h a t c h i n g ,  w a s  a v e r i t a b l e  s e n s a t i o n .  
C u r i o s i t y s e e k e r s  c a m e  f r o m  m i l e s a r o u n d .  U n f o r t u n a t e l y  t h e  b u i l 
d i n g c o u l d  b e  a d m i r e d  f o r  o n l y  f o u r  y e a r s ,  a s  i t  h a d  t o  b e  
d e m o l i s h e d  b e c a u s e o f  p e r m a n e n t  d a m a g e  c a u s e d  b y  d a m p n e s s .  T h e 
u s e o f  s t r a w  f o r  t h a t c h i n g t h e  r o o f  p r o v e d  t o  b e  c o m p l e t e l y  
i n a d e q u a t e b e c a u s e i t  c o u l d  n o t  d r y a n d  c o n s e q u e n t l y  r o t t e d .  
B e c a u s e  o f  t h e  c u r v e d  s h a p e , w a t e r  h a d  r u n  i n t o  t h e  w a l l o p e n i n g s  
a n d  d a m a g e d  t h e  b a s e .  F o r  t h i s  v e r y r e a s o n  i t  i s  s a i d  i n  E n g l a n d  
t h a t  c l a y h o u s e s  s h o u l d  h a v e  a " b r o a d - b r i m m e d  h a t  a n d  d ry f e e t " .  
A n o t h e r  o f  h i s  d o m e - s h a p e d  b u i l d i n g s  m a d e  o f  a d o b e , a m i l l  n e a r  a 
b r o o k , s u r v i v e d  f o r  s e v e r a l  d e c a d e s .  H e r e , t i l e s h a d  w i s e l y  b e e n  
u s e d  o n  t h e  r o o f . 

I n  h i s n e x t  s e v e n  b o o k l e t s  T a p p e  w a x e d  e v e r  m o r e  e n t h u s i a s t i c  
a b o u t  t h e  e l l i p t i c a l  s h a p e o f  b u i l d i n g s .  H e  p r e s e n t e d  s u g g e s t i o n s  
f o r  t h e  c o n s t r u c t i o n o f  c h u r c h e s ,  b a r r a c k s ,  e n t i r e  n e i g h b o u r 
h o o d s ,  b r i d g e s ,  m o n u m e n t s  a n d  l i g h t - h o u s e s  i n  t h i s  f o r m  ( s e e  f i g . 
7 ) . T h e s e  w e r e ,  h o w e v e r ,  u n l i k e t h e  " h u t " o f  t h e  p o o r ,  t o  b e  
b u i l t  o f  s t o n e  a n d  n o t  o f  c l ay . 
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F i g . 8 C r o s s - s e c t i o n  o f  t h e  e x t e r i o r w a l l o f  a c o b  b u i l d i n g .  A s  
a l l  o f  t h e  p a r t i c i p a n t s o f  " A d o b e 9 0 "  k n o w , a n  i m p o r t a n t  r u l e  h a s  
b e e n  v i o l a t e d :  T h e  b a s e  s h o u l d  h a v e  b e e n  h i g h  e n o u g h  t o  p r e v e n t  
w a t e r  f r o m  s p l a s h i n g o n t o t h e  v u l n e r a b l e  c l a y .  
( D  r a "i i n  g b y  J 0 h .  G o t  t f r .  L a n  g e ,  B r e s  1 a u ,  1 7 7 9 ) . [3 1 
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P l a s te r i ng a w a l l made o f  
c l ay- l oave s . 

( So  ca l l ed "DUnne r-me thod",  a 
method devel oped i n  the n i ne
teen twent i e s ) .  [61 

History and Traditions 

A n o t h e r  i n n o v a t i v e  b r a i n  a m o n g  t h o s e  w h o e u p h o r i c a l l y  p r a i s e d 
c l ay a s  a m e a n s  o f  i m p r o v i n g t h e u s u a l  t y p e  o f  a r c h i t e c t u r e ,  w a s  
t h a t  o f  t h e  p h y s i c i a n C h r i s t o p h  B e r n h a r d  F a u s t  ( 1 7 5 5 - 1 8 4 2 ) o n e  
o f  t h e l e a d i n g  hy g i e n i s t s  o f  t h e  n i n e t e e n t h  c e n t u ry .  F a u s t  m a d e  a 
n u m b e r  o f  m e a n i n g f u l  s u g g e s t i o n s  w h i c h - - h a d  t h e y  b e e n  c o n s i s 
t e n t l y  p u t  i n t o  u s e - - w o u l d  h a v e  m a d e s o m e  o f  t h e  o r a l  a n d  w r i t t e n  
c o n t r i b u t i o n s  t o  " A d o be 9 0 "  s u p e r f l u o u s .  F o r  e x a m p l e ,  i n  a n  a g e  
i n  w h i c h  t h i s  w a s  b y  n o  m e a n s  u s u a l , h e  a d v i s e d  u s i n g t w o  l a y e r s  
o f  i m p e r m e a b l e  t i l e s ,  g l u e d  t o g e t h e r  w i t h p i t c h ,  a s  a h o r i z o n t a l  
b a r r i e r  a g a i n s t  r i s i n g m o i s t u r e i n  t h e w a l l s  o f  b u i l d i n g s .  I n  
a d d i t i o n h e  s u g g e s te d  d i s s i p a t i n g  d a m p  v a p o u r s  r i s i n g f r o m  t h e  
e a r t h  b y  m e a n s  o f  h o r i z o n t a l  a n d  v e r t i c a l  s h a f t s  i n  t h e  w a l l s . 
H i s  i d e a  o f  o r i e n t a t i n g  t h e  h o u s e t o  t a k e  t h e  b e s t  p o s s i b l e  
a d v a n t a g e  o f  t h e  s u n l i g h t ,  o f  u s i n g d o u b l e  w i n d o w s a n d  d o o r s ,  a n d  
o f  c a l c u l a t i n g  t h e  t h i c k n e s s  o f  t h e  w a l l s  s o  a s  t o  w a s t e a s  
l i t t l e  e n e r gy a s  p o s s i b l e  m a k e  h i m  o n e  o f  t h e  c o - f o u n d e r s  o f  t h e  
c o n c e p t  o f  t h e  " Z e r o  E n e r g y  H o u s e " .  T h e  s o l a r  e n e r g y  s t o r e d  i n  
t h e  s o l i d  c l a y w a l l s  w a s  t o  b e  u s e d  t o  r a i s e f l o w e r s  a n d  f r u i t . 

I a m  c o m i n g t o  t h e  e n d  o f  m y  a r t i c l e  w i t h o u t  h a v i n g q u o t e d  a n y 
t h i n g f r o m  V i t r u v i u s  o r  F r a n c o i s  C o i n t e r a u x .  A n d  i n d e e d ,  t h i s  i s  
s o m e t h i n g t h a t  o n e  c o u l d  e x p e c t  t o  r e a d  i n  a p a p e r  d e a l  i n g w i t h 
a r c h i t e c t u r e i n  g e n e r a l  a n d  c l ay a r c h i t e c t u r e i n  p a r t i c u l a r .  I t  
s h o u l d  b e  m e n t i o n e d  t h a t  i n  R e n a i s s a n c e  G e r m a ny V i t r u v i u s' c o m 
m e n t s  o n  c l ay b r i c k s  w e r e t h o r o u g h l y  m i s u n d e r s t o o d ,  b e c a u s e - - a n d  
t h i s  i s  t r u e e v e n  i n  t h e  p r e s e n t  d a y - - s e v e r a l  t r a n s l a t o r s  w r o n g l y  
c o n f u s e d  f i r e d  b r i c k s  w i t h ( u n f i r e d )  a d o b e .  I n  t h i s  w ay t h e  u s e  
o f  c l ay w a s  b r o u g h t  i n t o d i s c r e d i t , i n  s o m e  c a s e s  p e r h a p s  e v e n  
i n t e n t i o n a l l y .  T h e  w r i t i n g s  o f  t h e  F r e n c h  a r c h i t e c t  C o i n t e r a u x ,  
w h i c h  r e c o m m e n d e d  t h e  r a m m i n g m e t h o d  a n d  i n  g e n e r a l  s t r o n g l y  
c o n t r i b u te d  t o  t h e  a d v a n c e m e n t  o f  c l ay a r c h i t e c t u r e , w e r e 
p r o b a b l y  r e a d  w i t h g r e a t e r  i n t e r e s t  i n  G e r m a ny a n d  n e i g h b o u r i n g 
c o u n t r i e s  t h a n  t h e y  w e r e i n  F r a n c e .  W i t h i n  t h e s p a c e  o f  a f e w  
y e a r s ,  s e v e r a l  t r a n s l a t i o n s  a n d  a d a p t a t i o n s  a p p e a r e d .  F o r  s e v e r a l  
d e c a d e s ,  p i se d e  t e r r e w a s  t h e  f a s h i o n a b l e  t e c h n i q u e .  H o w e v e r ,  
m a ny o f  t h e  b u i l d i n g s  e r e c t e d  w e r e f o r  p u r p o s e s  o f  t e s t i n g a n d  
d e m o n s t r a t i o n . 

I n  G e r m a n y ,  t h e  m a n  w h o ,  u n d e r  t h e  i n f l u e n c e  o f  C o i n te r a u x ,  b u i l t  
t h e  m o s t  e n te r p r i s i n g r a m m e d - e a r t h  s t r u c t u r e s  w a s  J a c o b  W i m p f  
( b o r n  1 7 6 7 ) .  L i k e  m a ny o t h e r s  w h o w e r e e n t h u s i a s t i c  a b o u t t h i s  
m e t h o d ,  h e  w a s  n o t  a p r o f e s s i o n a l  b u i l d e r  b u t  a l a w y e r  a n d  f a c 
t o ry o w n e r .  I n d e e d ,  h e  h a d  a l l o f  h i s  f a c t o ry b u i l d i n g s ,  s o m e o f  
w h i c h  w e r e o f  v e ry r e s p e c t a b l e  s i z e ,  b u i l t  o f  r a m m e d  e a r t h  b e 
c a u s e  h e  r e c o g n i z e d  t h a t  c l ay w a l l s  w e r e  s u p e r i o r  t o  s t o n e  i n  
r e g a r d  t o  s u c h  f a c t o r s  a s  t h e r m a l  i n s u l a t i o n a n d  r o o m  c l i m a te .  I n  
1 8 3 7  h e  c o n s t r u c t e d  t h e  t a l l e s t  c l ay b u i l d i n g i n  G e r m a ny .  I t  i s  a 
m u l t i p l e - f a m i l y  d w e l l i n g i n  W e i l b u r g ,  b u i l t  o n  a s t e e p  m o u n t a i n 
s i d e ( s e e  f i g . 9 ) .  T h e r e a r e  t h r e e  s t o r e y s  o n  t h e  s i d e f a c i n g t h e  
m o u n t a i n  a n d  f i v e o n  t h e s i d e f a c i n g t h e v a l l ey .  T h i s  h o u s e  s t i l l  
l o o k s  a s  i f  i t  h a d  b e e n  b u i l t  o n l y  a s h o r t  t i m e a g o .  

I t  h a s  r e m a i n e d  t h e t a l l e s t  c l ay s t r u c t u re i n  G e r m a n y ;  l a t e r  o n  
t h e  b u i l d i n g a u t h o r i t i e s  r u l e d  t o  r e s t r i c t  c l ay b u i l d i n g s  t o  o n e  
a n d  t w o  s t o r e y s .  A b o u t  1 9 7 0  t h e r e g u l a t i o n s  g o v e r n i n g c l ay 
a r c h i t e c t u r e  w e r e  w i t h d r a w n ,  s o  t h a t  t o d ay s o l i d  c l ay a r c h i t e c 
t u r e i s  n o  l o n g e r  p e r m i t t e d .  A n d  t h i s  a f t e r  s o m e  1 0 0 , 0 0 0  t o  
2 0 0 , 0 0 0  c l ay b u i l d i n g s ,  e r e c te d  w i t h o u t  a n y  o f f i c i a l  r e g u l a t i o n s ,  
h a d  p r o v e n  t h e i r  w o r t h ! J a c o b  W i m p f  h a d ,  i n  a d d i t i o n ,  a v e ry 
s p e c i a l  f a i t h  i n  t h e  r a m m e d  e a r t h  m e t h o d .  T o  h i m  i s  a t t r i b u t e d  
t h e s t a te m e n t  " . . .  I w o u l d  d a r e t o  b u i l d  a t o w e r a s  h i g h a s  t h e  
S t r a S b u r g  M i n s t e r  ( 1 4 2  m ) .  T h e c o h e s i o n w h i c h  t h e  e a r t h r e c e i v e s  
t h r o u g h  t h i s  m e t h o d  o f  r a m m i n g i s  f a r  g r e a t e r  t h a n  t h a t  o f  a 
s t o n e  w a l l . " [ 3] 

W i m p f  a l s o  b e l i e v e d  t h a t  l i v i n g c o n d i t i o n s  i n  t h e  N e w  W o r l d c o u l d  
b e  i m p r o v e d  i f  i m m i g r a n t s  b r o u g h t  t h e i r  k n o w l e d g e  o f  b u i l d i n g 
w i t h c l a y t o  t h e i r  n e w  h o m e l a n d .  W h a t  h e  d i d  n o t  k n o w  w a s  t h a t  i n  
1 8 0 6  a n  A m e r i c a n  o r  B r i t i s h  c i t i z e n  n a m e d  S . W .  J o h n s o n  i n  N e w  
B r u n s w i c k ,  N e w Y o r k , h a d c o n c e r n e d  h i m s e l f  w i t h t h e  a d v a n c e m e n t  
o f  c l ay a r c h i t e c t u re a n d  d e d i c a t e d  h i s  p u b l i c a t i o n t o  t h e  
A m e r i c a n  P r e s i d e n t  w h o w a s  h i m s e l f  a t a l e n t e d  a r c h i t e c t ,  T h o m a s  
J e f f e r s o n . [5] 

I n  t h e n i n e t e e n t h  c e n t u ry ,  w h e n  G e r m a ny w a s  e v o l v i n g f r o m  a n  
a g r i c u l t u r a l  t o  a n  i n d u s t r i a l  s o c i e ty ,  s o l i d  c l ay a r c h i t e c t u r e a s  
w e l l a s  t i m b e r - f r a m e d  a r c h i t e c t u r e w a s  g r a d u a l l y r e p l a c e d  by 
( f i r e d )  b r i c k b u i l d i n g s .  A f t e r  t h e  F i r s t  W o r l d  W a r ,  w h e n  t h e  
s c a r c i ty o f  e n e r g y  a n d  t r a n s p o r t  c a u s e d  a r e n e w a l  o f  i n te r e s t  i n  
t h i s b u i l d i n g m a t e r i a l  w h i c h c o u l d  b e  o b t a i n e d  a n d  p r o c e s s e d  
p r a c t i c a l l y  w i t h o u t  f u e l , t h e r e w e r e  h a r d l y  a ny p e o p l e l e f t  w h o  
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w e r e c o n v e r s a n t  w i t h t h e  t e c h n i q u e s  o f  i t s u s e .  N o n e t h e l e s s ,  m a n y 
t h o u s a n d s  o f  b u i l d i n g s  w e r e e r e c t e d  d u r i n g t h i s  t i m e .  A f te r t h e  
d e v a s t a t i o n  o f  t h e  S e c o n d  W o r l d  W a r ,  c l  a y  w a s  u s e d  i n  t h e  c o n 
s t r u c t i o n  o f  a b o u t  3 0 , 0 0 0  t o  4 0 , 0 0 0  b u i l d i n g s .  U n f o r t u n a te l y ,  
t h i s  t y p e  o f  a r c h i t e c t u re w a s  c o n s i d e r e d  o l d - f a s h i o n e d  . a n d  i n f e 
r i o r b e c a u s e  h a r d l y a n y o n e  w a s  w i l l i n g t o  c o n s i d e r  i t s s p e c i a l  
q u a l i t i e s .  I t  i s  n e c e s s a ry t o  r e v i s e  t h i s  j u d g e m e n t .  N o w  t h a t  w e  
h a v e  r e c o g n i s e d  t h a t  c l ay i s  p a r t  o f  t h e  n a t u r a l  1 i fe c y c l e  a n d  
c a n  b e  o b t a i n e d  a n d  p r o c e s s e d  w i t h o u t  w a s t i n g e n e r g y , t h e r e h a s  
b e e n  a r e v i v a l  o f  i n t e r e s t  i n  c l a y b u i l d i n g i n  G e r m a n y d u r i n g t h e  
p a s t  f e w  y e a r s .  

C o n c l u s i o n s  

C l ay a r c h i t e c t u r e h a d  a m u c h  g r e a t e r  s i g n i f i c a n c e  i n  G e r m a n y t h a n  
h a s p r e v i o u s l y  b e e n  a s s u m e d .  I t s g r e a te s t  i m p o r t a n c e , h o w e v e r ,  i s  
t o  b e  f o u n d  n o t  i n  t h e  s t r u c t u r e s  t h e m s e l v e s ,  b u t  r a t h e r  i n  t h e  
i n n o v a t i v e  i m p u l s e s  i s s u i n g f r o m  t h e  b u i l d i n g s  a n d  t h e  l i te r a t u r e 
c o n c e r n i n g t h e m .  

A s  a g l a n c e  a t  t h e i r  h i s t o ry w i l l  r e v e a l , t h e  o p p o r t u n i t i e s  
o f f e r e d  b y  t h e  u s e o f  c l a y i n  b u i l d i n g h a v e  b y  n o  m e a n s  b e e n  
e x h a u s t e d .  I f  w e  s u c c e e d  i n  a b o l i s h i n g a l l t h e  w e l l - te n d e d  p r e j u 
d i c e s  w h i c h  e x i s t r e g a r d i n g i t s u s e i n  a r c h i t e c t u r e ,  t h e n  w e  w i l l  
h a v e  t h e  b e s t  c h a n c e  o f  c r e a t i n g  t h o s e  c o n d i t i o n s  n e c e s s a ry f o r  
t h e  p r e s e r v a t i o n  o f  n u m e r o u s  h i s t o r i c  b u i l d i n g s  i n  G e r m a n y ,  
r a n g i n g f r o m  t h e  d w e l l i n g s  o f  t h e  h u m b l e  c o t t a g e r s  u p  t o  t h e  
l e v e l  o f  p a l a c e s  o f  t h e r u l i n g c l a s s .  
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This study is intended to offer 
s aoo background su pport, analysis 
and, by irrq;>lication, lines of 
action, for those seeking to 

revive the craft of "llUld-walling'" 
in Britain. It is based on 
dOCUIrentary research and 
fiel dwork and confirms the 
tradition as of relative 
c omplexity and sophistication 
with many correspondences in 
inte rnational practice . It is 
dedicated to Alfred HCMard, Devon 
master-builder and 
conservationist . 

Britain, llUld walls, construction, 
historical practice . 
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Introduction 

The use of sub-soils in building is a large subject and it is irrq;>ortant to 
confirm the limits of this paper, which concentrates on the nCM largely 
defunct British tradition of wet mixed and placed mass sub-soil walling . The 
parallel and related practices of continuous wet llUld building, shuttered llUld 
and llUld brick - techniques once also known in Britain - are excluded. An 
understanding of the basic principles involved is assumed in the reader ( 1 )  
but s aoo specifically British terminology r equires explanation . The terms 
"cob" , "clay" and "llUld" were all once used in Britain to describe material 
prepared for wet-placed mass sub-soil walling .  Here 'llUld' is used to refer to 
wet clay-based, and "chalk-llUld" to wet chalk-based, mixes . The traditional 
East Anglian terms "l ump" and "clay-l ump" refer to unbaked llUld brick . The 
paper is divided into sections describing individual operations within the 
wall building process or el eroonts relevant to the process at particular 
stages . Saoo sections also offer a gloss on the purpose and benefits of the 
activities and eleroonts descri bed. A few amplify previously made points . All 
are prefaced by a traditional or modern phrase descriptive of what follows . 
The study opens with a note on aggregate which, through mix-balancing, offered 
the builders one way of modifying strongly shrinking "as found" sub-soil ,  and 
continues through the other t ypes of mix- modifying additives . The various 
stages in preparation of the material are then considered and this is follCMed 
by an introduction to alte rnative course building methods and the tools used . 
Further sections examine the detail of course, and over all wall ,  
construction . "Paring-down" ,  the last phase in the main building process ,  
closes the investigation, leaving matters of building and drying-out time, 
finishes and overall structural context, to another occasion . 

Aggregate 

Saoo sub-soils contained ingredients whose natural balance sui ted than to wall 
building "as found" . With less reliable sub-soils extra aggregate might have 
to be added while, over a certain size, it might have to be ranoved .  Large 
stones were a hazard during mixing and might 'blCM' at the wall face and they 
were therefore invariably ranoved .  Stones above the size of a walnut were 
picked out by s aoo ' l ump' makers , to ensure hanogeneity. Where a wall has 
been left unrendered, aggregate shape and size can be seen to affect 

weathering performance to a greater or lesser degree . 

Mix balancing 

As noted above, s aoo sub-soils required no amendment before use . With others, 
sand, gravel or small stones were added to bulk out the material in order to 
reduce the ' strength ' of the clay el eroont present . 'Dirt, Gravel and C ompas '  
were i n  use i n  walling i n  Leicestershire 200 years ago ( 2 ) . This practice, in 
the form of ' str eam gravel ' added to the mix was still utilised in the County 
in the 1960 ' s .  Pit gravel had been employed sixty years earlier by the 
squatter builders of the New Forest ( 3 ) . In Devon, as in Britanny, where a 
sub-soil was too ' strong' , small stones or gravel were added ( 4 ) . A Cornish 
ratio was two parts of ' clay' to one of ' shilf'  ( small ,  flat slaty material ) 
( 5 ) ,  the s ame  ingredients being mixed together also in P embrokeshire ( 6 ) . In 
Suffolk in 1849 ' clay' dug from a pit for l ump  manufacture was mixed with ' as 
llUlch sand as it will carry to r anain tenacious , say one yard of clay to half a 
ton of sand' ( 7 ) . Buckinghamshire "wichert" shows that naturally occurring 
mixes of clay and chalk can produce very good walling .  A well known recipe of 
1843 advises that clay-marl is ' best ' for building ( 8 ) . If this is 
unobtainable, chalk and grit should be added to the clay. In the early 19th 
century three parts of chalk to one of clay was a conrnon mix in parts of 
Hampshire and the Isle of Wight ( 9 ) , while lime is known to have s aootimes 
been added to Devon cob, south country chalk-llUld and Irish llUld . 

Animal organics 

The use of dung is so extensively quoted that there can be no question about 
its value with clay-based preparations . There is no record of its emplo yment 
with chalk-based mixes . It may have hel ped to plasticise refractory, and 
therefore potentially useful , clays and soils lCM in clay content as well as 
flocculating soils with an over-expansive clay fraction . All the other conrnon 
animal organics were well enough known to broad ve rnacular building tradition 
but were not extensively used with llUld walling.  
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Vegetable fibre 

Fibre of all kinds, was usually but not invariably, added. Sometimes it was 
pre-soaked but more often it seems to have been added dry to the mix. Where a 
preference is expressed it is always for barley straw, probably because it was 
both ' tough' and ' soft' . Before it was added, fibre might be chopped into 
short lengths or it might merely be ' pulled abroad and bruised with the hands ' 
( 10 ) . For binding purposes within the wall - one of a n umber of functions 
perfonned by the fibre - the longer the material the better. uncut barley 
straw presumably had the advantages of ' softness ' for mixing, handling and 
placing, and length when laid in the wall course . Some mud was laid with 
little or no fibre content; some chalk-mud mixes are a case in point while 
certain Midland iron-bearing sub-soils harden without additions of any sort. 
Such hardening must represent a one-way chemical set, preventing the re-use of 
the material, in contrast with what may be a mechanical and therefore possibly 
reversible set found with some Devon cob claimed as fibreless . The quantity 
of fibre required in a mud mix is proportional to the ' strength' of the clay 
element and the quantity of aggregate and water used. One mcxiern West Country 
builder states that ' the straw makes the cob less sticky. You should add 
water and straw to the material gradually. Tbo much straw and the cob gets 
weak, like dung' ( 11) . In Britain, as elsewhere, ' local custan as to the 
composition and preparation of the mixture will generally be found to have 
adjusted itself to the peculiarities of the soil'  ( 12 ) , and localised standard 
measures such as that at Bridstow, Devon, in 1813 where ' eight bundles or one 
horse load of straw is mixed and tempered' with nine cart loads of clay to 
make 41/2 perches ( 161/2 ' ( 4 . 950 m) x 2 '  ( 600 rom) x l '  ( 300 rom) high) of cob, 
ruled ( 13 ) . Even with mix balancing and the use of fibre, large scale course
confined 'unit' or ' block' drying cracking sometimes occurred, as for instance 
with walling in the New Forest and Buckinghamshire "wichert" . The effects of 
block contraction were taken in their stride by the builders; some of the most 
highly performing mud walling in Britain is found in Buckinghamshire. 

Weathering the raw material 

Weathering the excavated sub-soil over the winter in the open so that rain and 
frost could act on it was, and still is in places, canmon practice in 
brickyards , yet the reCord suggests that the builder in clay-based mud made 
little use of the process .  Occasionally however, the raw material was 
' raised' in the autumn for use the following spring. The practice is known 
for both Devon and Norfolk ' clay' . It s eems  by contrast to have been 
considered a wise precaution with chalk-mud, and was errployed if there was 
time. There is good reason for this - getting newly excavated chalk rubble 
down to an acceptable aggregate size could be a back-breaking and lengthy 
task. 

'Soaking' the raw material 

This process has affinities with weathering but is less time consuming. Henry 
Best, the 17th century Yorkshire Wolds farmer and diarist recommends it for 
the preparation of mud mortar for thatching but his principle stands for wider 
use, 'Mortar neaver doeth well unlesse it bee . . . . . . . .  well watered and 
tewed; it is accounted soe much the better if it bee watered over night, and 
have nights time to steepe in . . . . .  water it and tewe it well, till it bee soe 
soft that it will allmost runne;  then lett it stande a while till the water 
sattle somethinge fran it, and it will bee very good mortar ' ( 14 ) .  Soaking 
allows water to split down the clay particles and increases plasticity. It 
compresses them under their own weight and brings them into maximum 
association with the fine aggregates in the mix, bringing strength - or this 
at least should be the result once ' soaked' material is mixed and turned over 
prior to placing. In the New Forest after 'puddling' (mixing) , the material 
was worked to a ' slurry' and then left to drain before use ( 15 ) . Draining 
would presumably have removed the finest and most unstable part of the clay 
fraction. In the western Scots Borders in 1810 it was noted that mud builders 
first worked the "canmon clay" with water into good mortar and then let it lie 
to get more consistency ( 16 ) . One authority has it that 'wichert' ,  the 
natural chalk and clay mix, was soaked before use ( 17 ) . It was certainly 
thought an advantage to pre-soak chalk-mud. During the recent experimental 
rebuilding of a chalk-mud boundary wall it was found that a lesser amount of 
water standing in the chalk-mud mix over a longer period is of greater benefit 
than a larger amount of water added just before use . The material is more 
easily worked and laid, and shrinkage cracking arising fran drying-out is 
reduced with the lesser quantity of water ( 18 ) . 

Souring 

An Irish survey mentions that after wet-mixing with fibre, mud might be left 
to 'temper'  or ' sour' for several days, being turned over or re-kneaded 
occasionally ( 19 ) . In contrast to the mechanical action of soaking, souring 
changes alkalinity to acidity through bacterial action and promotes 
flocculation in the clay. It seems that the British mud waller rarely sought 
to bring about deliberate souring though the writer has personal experience of 
its being achieved accidentally with a re-used daub mix. However, the adding 
of organic matter such as dung would, in the right circumstances have some 
potential for encouraging flocculation, as noted earlier. 
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Tempering or Puddling 

These were the tenns for mixing, descriptive of the process . Hand mixing 
persisted to the end, work that would ' pull the ribs out of a man' . The term 
' treading' was often used for the actual process of mixing. Hardy says of 
Dorset that women were sanetimes put to treading, an echo of ancient 
tradition. The work might be done barefoot, but heavy boots, sanetimes shod 
with irons , were needed for stoney mixes . The correctness of Ellis ' s  
description of central Devon mixing methods i s  borne out by roore recent 
practice . Moving inward fran the perimeter and treading dCM11 the nrud as they 
go, the circular heap is t urned over and tr arrpled dCM11 once by a couple of men 
while barley straw and water are sprinkled on . The process is repeated and 
then the cob is ready for use (20) . Such speedy preparation helps to bear out 
the claim that Dunsford cob is aroong the best in the West of England . At the 
other extreme chalk-nrud builders in Wiltshire are said to have needed an hour 
or two to produce a reasonable aroount of useable material ( 21 ) . In the light 
of this , their neM-Iost nrudwallers ' song chanted while they toiled, was a very 
necessary adjunct to the operation as was , and still is, the liberal 
consumption of cider . In cumberland and Dumfriesshire whole communities still 
came together at the end of the 18th century to make short work of mixing -
and the remainder of the job. 'l'e!rpering by driving domestic hoofed animals 
through the nrud is knCM11 fran Ireland, north east Scotland, north west Wales , 
the West Country and East Anglia . Oxen were originally preferred to horses 
for the work because of the cloven hoof . A ' sandwich' of three successive 
layers each of ' soil , hay and water' round which horses or oxen were driven is 
described for Devon in 1810, and ' as the cattle in treading it cause it to 
spread, a labourer with a three pronged fork thrCMS it up again . . .  ' ( 22 ) . 
For a watered and straw-spread bed tr arrpled by horses in Essex in 1843 it was 
noted that the nrud ' . . .  can hardly be too nruch tr odden . The clay-dauber' s  
joke is , "You spoil it i f  you tread it too nruch'" ( 23 ) . 

Compression while mixing 

The ' clay-dauber' s  joke' confinns a deeply held traditional view of the value 
of treading, beating and chopping of roortars ,  both lime and clay based. After 
soaking, further compaction of the nrud took place while it was trodden and 
turned. A hint at roore serious efforts at canpression at this stage can be 
found in the former use in Devon of a nrud beater - descri bed as a semi
circular iron hoop whose base was attached to a wooden handle by a flail t ype  
joint . 

Wet built, unshuttered, nrud, sleM method 

The raw material was prepared fairly stiff and was picked up either in bare 
hands or on a fork in aroounts called ' clats ' in Devon, placed on the wall , 
beaten dCM11 and built up to form a course, often a couple of feet high . This 
had to reach a certain level of dryness before the next course could be 
superirrposed. Courses were knCM11 alternatively as rases , scars , rearings and 
berries . Ellis refers to them as lifts . Where the fork was used there were 
two ways of raising individual courses; these are descri bed beleM. 

Hand placed nrud walling 

Only one exarrple of this technique is recorded - by Deas in Norfolk in 1938 -
but this stands as a pattern for inn umerable similar structures long ago razed 
and swept away, ' . . .  the clay was rooist when laid; the builder sinply gathered 
up a quantity of clay and pressed it into shape to facilitate handling and 
make it conform to the wall thickness . . .  ' ( 24 ) . Here we are in the presence 
of widespread and ancient practice . The method allowed construction to the 
finished wall thickness fran the outset, an advantage for the self-builder 
with limited resources of time and effort available. 

The fork 

The use of tools allowed the worker to keep relatively clean, to extend the 
reach of his ann and to inprove c ompaction through beating as he worked. Fran 
north-east Scotland through the Borders to Lands End, the fork was the prime 
instrument of construction with both dung and bay forks featuring largely in 
the oral tradition. So identified was the tool with the technique that nrud 
walling in Norfolk was knCM11 as ' forked clay' . As late as the 1920 ' s ,  an 
observer of New Forest methods canplained that there were those who ' . .  could 
not build a wall with a "nrud prong" but trusted to board "clarrps" ,  and thus 
this serviceable walling material has been discredited, roost unfairly' ( 25 ) . 
The term 'nrud prong' ,  as also , nrud , or ' cob, pick' , suggests a specialised 
tool and there was indeed such an inplement . KnCM11 recently fran Cornwall to 
Buckinghamshire this took the form of a small trident . Ellis accurately 
illustrates the t ype. The prongs were set at an angle to the haft to alleM 
for a scoop action and the small size of the head underlines the need to keep 
to the minirrrum the weight of each ' clat ' rooved . Strain on the worker was 
reduced since material was taken in small packets , while many small packets 
consolidated better in the wall than fewer, larger, ones . 
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Using the fork 

Compression continued during the mud moving and placing stages . After mixing, 
a 19th centw:y Devon labourer is described as taking his 'three pronged and 
scxrewhat flatted' fork and ' striking the soil therewith until it lies like a 
cake' - a IOOdern Devon builder does exactly the same - 'he takes it up with 
the fork and lays it on the wall, striking it there repeatedly at top and 
sides until he has packed it close' ( 26 ) . once the wall reached any height 
two men were needed, one standing on, or next to, the wall head. For this 
stage as recorded in Buckinghamshire, 'one man then stands on the stone 

grunq;>ling (wall base) and holds the fork in front of him with its tines 
resting on the grunq;>ling. Another man . . .  digs a forkful of wichert and 
smacks it down on the fork of the builder, who inmediately turns it over and, 
with a smart pat, puts it in position' (27 ) . Each 'pat' brings further, if 
minor, compression. Beating the material on the wall was cammon practice, 
with the back of a spade or IIDre usually the fork; it was sanetimes ccmbined 
with treading. Ellis confinns the use of treading, noting that the heels 
should be well used. Latterly scaffolding was little used and only then in 
certain specific circumstances . Rose says that when wall height became 
'greater than a man can pitch to, a third man is needed, who stands on a 
raised stage, also with a fork, taking the wichert from the first man and 
passing it up to the builder' .  Recent practice in Devon follows the same 
approach; elsewhere carts might be used as pitching levels . Comment above 
relates to average 2 ' 0" ( 600 nm) to 2 ' 6" ( 750 nm) thick walling for buildings 
- for the thinner boundary walling, down to 1 ' 0" ( 300 nm) thick or less it is 
hard to see hCM staging could be avoided. 

Course building by diagonal layering 

Ellis notes that under the system he examined cob was laid and trodden in 
diagonal layers to a course height of about two feet ( 600 nm) ( 28 ) , an 
approach also seen outside Devon. The method has parallels with the 
herringbone effect seen in sane masonry as well as in peat block and sod work. 
It allCMed each succeeding layer of angled wet mud to bond with the previous 
one, producing a continually advancing ramped face against which it was easy 
to work. The builder took his stand on the hardened top of the course belCM. 
He IIDved backwards , away from the advancing mud work, convenience perhaps 
dictating � course height would be the level to which the 'boot heel ' could 
easily reach. 

Course building by horizontal layering 

This approach used thin layers , a n umber of which made up a full course 
height . A Devon report says that successive layers were about 6" ( 150 nm) 
deep, were coated with long straw and were then trodden down. A few layers 
were done at one mixing and then left to harden (29 ) . Much thinner layers 
have been observed in walls in other parts of the country. It was nonnal for 
workers to stand on the wet material . A Devon eyewitness notes that straw was 
spread on the top of a 12" ( 300 nm) to 18" ( 450 nm) high course and well 
trodden in. In Ireland, with courses of similar height, a light person or 
child might be given this task ( 30 ) . In Devon in 1980 one of Alfred HCMard' S  
workers had to operate on top of the wet material of a small cob structure in 
a constructionally awkward situation, a gable peak, and this was managed 
without undue difficulty. 

Course height 
For those aiming for maximum course height, perfonnance depended primarily on 
physical matters and especially the aIIDunt of water present, while by contrast 
the course height possible for a self-builder might be limited by the time 
available to him in the evenings . The n umber of thin horizontal layers going 
to make up a course was controlled by wall thickness , wetness , overhang of the 
wet material at each side and the inherent properties of the sub-soil involved 
when mixed with fibre and perhaps dung, all this follCMing cOll'piiction. 
Courses ranging between 18" ( 450 nm) and 30" ( 750 nm) high are very cammon 
with clay and chalk based mud. Sanetimes a lesser range of between 12" ( 300 
nm) and 18" ( 450 nm) was preferred. 

Course joints 

Though generally formed without mechanical connections, occasionally attempts 
to 'pin' courses together with pegs between lifts have been observed - a 
reminder of the close relationship between mass-mud and daubing. Sanetimes 
straw laid across the wall fonns a physical course-break. A Devon tradesman 
believes that such layers prevented the upper, wet, course from destabilising 
the l�r, hardened, course, and if so this would also prevent the new work 
losing lIDisture content at too quick a rate into the old. Ha.vever, a recent 
practitioner wets the top of the hardened layer before placing the next to 
help courses "knit" together ( 3 1 ) . The straw bed here may relate to the 
"treading down" stage in the l�r course ,  not to overall structural or 
constructional requirements . 
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Paring dCMn 

The IlDJd-work was always ini tiall y built overhanging the ( stone) plinth. In 
one area late walling has a permanent overhang but usually the face of the IlDJd 
was brought into line with the base by paring. Paring was knCMn as "dressing" 
or "facing" . Various tools were used, cOll1llOnly the fork or spade but also 
mattocks, hay knives and even axes . It was done either fran the side or fran 
the wall head, depending on the tool errployed. Initial overhang varied 
sanewhat with the raw material . In Ireland paring could either be by course 
or on full height completion ( 32 ) . In the New Forest by contrast it was done 
by course ( 33 ) . Nationally both approaches were used, choice being partly 
influenced by the nature of the material involved. Good chalk-mud for 
instance proves extremely hard when allowed to go fully off, as was found 
during the rebuilding experiment mentioned earlier. Paring dCMn by the course 
could thus be seen as the logical approach with this particular material . 

Conclusion 

It is hoped that this brief and incomplete survey has demonstrated the variety 
- and incidentally the extent - of one part of the former tradition of the use 
of "llDJd" in building in Britain. This was a tradition - nCM generally, but 
not entirely, disregarded - bearing a deep understanding of the potential of 
the material, an understanding nicely displayed in the wards of Henry Best on 
the subject of flooring-clay, "when a floore is decayed, that there are holes 
warne, they usually leade as many coupe loades of redde clay, or else of 
clottes from the faugh ( fallCM) field, as will serve, but they IlDJSt leade 
their clottes from such places where the clay is not mixed with sand" ( 34 ) . 
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ABSTRACT 

The technique of earth 

construction has a l ong h i story 

of 6000 years ,  and reached 

maturity in China by the t ime 

of Qin Dynasty (221 B . C ) . The 

earthen cave-dwe l l ings in the 

reaches of Huanghe r iver va l ley 

are an embodiment of Huanghe 

va l ley cu l ture . The Great Wa l l  

(6350km in length ) was rebu i l t 

repeated l y  from 476 B . C .  to 

A . D .  1344 . The ancient c i t ies 

of Gaochang and J iaohe of Tang 

dynasty ( 6 1 8 - 907) on the S i l k  

Road have a h i story of 1500 

years ,  and the ir h i storical & 
cu l tura l value must be protected . 

The present engineering conserva

tion of the X ian city wa l l  

is a prime examp le of the 

need to protect rammed earth 

architecture . 

KEYWORDS 

Banpo V i l l age , Cave-dwe l l ing , 

Adobe , 

Va l ley 

Chang , 

Terraces , Huanghe R i ver 

Cu lture , J iaohe and Gao 

Rammed Earth 

NOTE , 

Yangshao cu lture is a cu lture 

of the Neo l ithic period in the 

reaches of Huanghe r iver va l ley in 

China . Because potteries with 

co lour patterns were d i scovered in 

the rema ins , so it i s  a l so 

Painted Pottery Cuture . 

ca l l ed 

The 

painted pottery is the index of 

civ i l ization dur ing the Neo l ithic 

period in China to a certain 

extent . 

• • These are scripts on tortoise 

she l l s or anima l bones , the 

origina l  of Chinese pictogrphic 

character . 
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EARTH · CULTURE · ARCH I TECTURE 

---- The Protection and Deve l opment of Rammed Earth and Adobe Architecture 

in China 

Professor Hou Jiyao and Master Jia Weitung 

Department of Arch itecture 

X ian Institute of Meta l lurgy and Construction Engineering 

X ian , Shaanx i  Prov ince 

Peop l e ' s  Repub l ic Of China 

V ice Chai rman of The Cave Dwe l l ings and Earth Architecture Institute 

of China 

A Background 

A- 1 A Long H istory of Earth Construction in China 

For over 6000 years , the Chinese peop le in the Banpo V i l lage have used the 

technique of earth 

dwe l l ings . Dwe l l ings 

construction to bu i ld v i l l ages , caves and semi-cave 

were ci rcu lar or square in p l an ( see Fig 1 ) . In order 

to meet the needs of l ife , the technique of making pottery was deve l oped . As 

exemp l if ied by archaeo logica l findings , the painted potteries ' have 

good shapes and painted patterns ( see Fig . 2 ) ' 

China has recorded h i story since the Xia Dynasty (2100 B . C - 1600 B . C )  , 

the f i rst s l ave system regime . This cu lture was formed in the midd le reaches 

of Huanghe River va l ley dur ing the Chinese Bronze Age . The houses and pa laces 

were bu i l t on the rammed terraces , according to some Chinese characters from 

the Shang Dynasty ( 16th Cent . B . C ) , for examp le , � , Jj{ , iii ' ' .  The earth

ramm ing and wooden Shuttering rammins techniques were used to bu i ld wa l l s ,  

according to other shang dynasty characters , OU' ' ( see Fig . 3 ) . 

Many earth dwe l l ings , cave-dwe l l ings , pa laces and rammed earth and adobe 

terrace arch itecture were constructed in big cit ies during the Warr ing States 

( 475 B . C )  period . Seven States bu i lt defensive wa l l s compet itive l y .  Then the 

Qin Dynasty conquered the other states and estab l i shed the fi rst centra l ized 

feuda l society in Chinese history and bu i l t  the unif ied Great Wa l l .  

technique of earth construction in China had reached matur ity . 

The 

A - 2 Cave Dwe l l ings I n  The Area Of Huanghe R i ver Va l ley And The Huanghe Va l ley 

Cu l ture . 

The area of Huanghe R iver va l ley is the crad l e  of Huanghe va l l ey cu lture , 

Located in the northwest Ch ina loess p l ateau region . Our ancestors made fu l l  

use of the physica l qual ities of loess ----its p l asticity , therma l insu lat ion 

and easy workab i l ity . Simp l e  too l s  were used to excavate cave-dwe l l ings . By 

combin ing expert ise in site selection , space organization and the techn ique of 

earth construct ion , cave dwe l l ings with rich Chinese cu ltura l charterist ics 

were created . For examp l e ,  Mangshan , in the suburb of Luoyang , Henan Prov ince , 

is a wonder among cave-dwe l l ing v i l l ages , a treasure of human cu l ture and a l so 

the crysta l l ization of Chinese Huanghe va l ley civi l ization , which urgent ly 

awaits preservation and deve lopment ( see F ig . 4 ) . 
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A - 3 The Great Wa l l  And Chinese Cu l ture 

The Great Wa l l  in China i s  one of the greatest engineering constructions 

on our earth 

The construction of the Great Wa l l  started 2200 ye�rs ago . From the 

period of the Warr ing States ( 476 B . C )  to M ing and Q ing dynasties ( 1368 - 191 1 ) , 

efforts were made t ime and aga in to extend and strengthen it . As a resu l t , its 

fu l l  length exceeds 6350 k i lometres . The Qin , Han and M i ng dynasties most l y  

bui l t  with rammed earth and adobe . A t  the time o f  the Q i n  dynasty ( 22 1  B . C . ) ,  

the Great Wa l l, starting from Lin Zhao of Gansu Province to the east of L iaoning 

Province , required 300 , 000 peop l e  and 10 years to comp lete by A . D . 2 13 . 

The portion of Great Wa l l  in the suburb of Beijing was rebu i l t  i n  Ming 

dynasty over a period of 100 years . The Great Wa l l , a great m i l itary 

construction , is the crysta l l ization of the ancient Chinese peop l e ' s  labor and 

inte l l igence and is the pr ide of ancient Huanghe R iver va l ley cu l ture ( see 

Fig . 5 )  . 

B .  The Protect ion And Deve l opment Of Earth Defense Ramparts In China 

B- 1 The Ancient Cities Of Gaochang And J iaohe In Tang Dynasty (618- 907 ) 

The ancient city of Gao Chang bui l t  during the Tang dynasty is l ocated in 

Turfan d i str ict of the Xinjiang Province . It had been the capital of the 

Gaochang Empire for 1500 years , and was the on ly one of 5 states on the S i l k  

Road i n  Han dynasty . Rema ins of city wa l l  bu i l t  with rammed earth st i l l  exist . 

The area is 200 square km with a 5 km perimeter , and is div ided into 3 

sections the pa lace , the inner and the outer c ity , with ramains of adobe 

arch itecture scattered over a wide area . An intact temp le sti l l  exists in the 

southwest corner of c ity , with an area of 1 0000m" , Its gates , squares , 

chambers and pagoda are st i l l  visible . There is an earthen pagoda , 15m in 

height , in the inner city . A l l  construct ions within the city were bu i l t  with 

rammed earth and adobe . There is a great adobe dome-shaped roof in the temple 

with an amazingly h igh l eve l of bu i lding technique ( see Fig . 6 ) . 

c ity 

long 

and 

The ancient c ity of J iaohe is located 10km away from Turfan county . The 

i s  bu i lt a l ongside an earth precipice without a city wa l l .  I t  i s  1000m 

from north to south , and 300m wide from east to west . There were gates 

a road l eading to the centre of the city . The road is 350m long and 3m 

wide . There are high and th ick rammed earth wa l l s on the side of the road , and 

the bu i l dings behind the wa l l s are div ided by l anes into 3 sections . The 

northwest section are most ly sites of templ es with pagodas which house Buddha 

images in niches . The northeast section is a resident ial  zone where court-type 

houses are dense l y  c l ustered , most of which are we l l  preserved . The southeast 
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section buidings are most l y  ruined , except for a large edifice with chambers , 

courtyard , steps and wid ing corrider ; This area of the c ity is poss i b l y  

po l itical centre . On the north termination of the road is an edif ice bu i lt 

w ith br ick and t i les . The eave t i les have the Tang dynasty lotus pattern . 

J iahe f lour ished more than 1865 years from Han Dynasty to Yuan Dynasty ( 1272-

1368) ( see F ig . 7 ) . 

These two ancient cities were important cit ies a long the ancient S i l k  

Road . Because o f  the dry c l imate , i t  i s  a architectura l wonder that thei r  

adobe and rammed earth structures are s o  intact . 

B - 2 City Wa l l  in Ming Dynasty ( 1368- 1644 ) -- The Protection And 

Deve lopment Of Xian C i ty Wa l l  

The c ity wa l l  of X ian was constructed dur ing the M ing Dynasty . I t  is 

13 . 7km in per imeter , and l ies 4 . 2km long from south to north and 2 . 65km wide 

from east to west . The wa l l  is 12m high , 15- 18m wide at the bottom , 1 2 - 14m 

at the top . I ts rammed earth core is encased with br icks . There are 98 

combat quarters in a lO X 12m area a long the wa l l .  Br icks are paved a l ong 

the top of the wal l .  On the outside of the wa l l  there are concave crene l s  

spaced a t  2 . 36m interva l ;  the parapet wa l l s  ins ide are 0 . 75m h igh . 

There are gates on each s ide of the c ity , with a main tower , embrasured 

watchtower and locktower at each gate . The c ity canal is around the city wa l l ,  

and is 14 . 6km long and 14 - 24m wide . There is a l so a suspended br idge under 

the l ocktower . 

Zhu Shuang , the son of Zhu Yuan zhang ( f i rst emperor in Ming Dynasty ) 

estab l ished h i s  pa l ace in X ian and began to bu i ld the X ian c ity wa l l ,  Which 

was bu i lt on the base of the Feng Yan city of the Yuan Dynasty ( 127 1 - 1368 ) 

and extended the area by 1 / 4 .  From then on the wa 1 1  had been rebu i l  t many 

times . It was f i rst bu i l t  by the rammed earth method and was then encl osed 

with br ick in 1558 . Dur ing the Q ing Dynasty ( 1781 ) ,  the city wa l l  was heav i ly 

repai red , and a sewer system was constructed . In 1983 , the c ity wa l l  was 

protected and developed a third time by the committee of c ity wa l l  

conservation in Xian . 

From the t ime of the construct ion of Daxing city in the Sui Dynasty ( 581 

- 618)  to that of Changan c ity in the Tang Dynasty , the X ian c ity has a 

h i story of 1400 years , it is the crysta l l ization of the Chinese labourer ' s  

inte l l i gence and labor . The section o f  Xian c ity where there i s  evidence of 

the k ing ' s  pa l ace , has rammed earth wa l l s  dating from the Sui and Tang 

Dynast ies which are 4600m in length . A very precious h i stor ica l and cu l tura l 

re l ic ,  the X ian c ity wa l l  was the f i rst cultura l  re l ic to be protected by the 

government in 1961 ( see Figs . 8 , 9 . ) .  

Because of war , l ack of ma intenance and erosion by wind and rain , the 
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X ian city was ruined severe l y  after the Qing Dynasty . In 1983 . the state 

counci l  a l located a special  fund of 53 mi l l ion yuan ( RI'tB ¥ ) to assist in the 

conservat ion of X ian city . A committee of city wa l l  conservation in X ian was 

founded ; the project goa l s  were to restore and renovate the city wal l .  

transform the woods around the city wa l l .  bring the o l d  c ity cana l under 

contro l and open the road enc l osing the c ity wal l .  The construction budget for 

forty -four main projects was 135 mi l l ion yuan ( RI'tB¥ ) and ut i l ized labor of 8 

mi l l ion volunteers . Before the ra in season in 1985 . the conservation of the 

c ity wa l l  and canal were most l y  finished and has benefitted society and the 

environment . It is an important m i lestone in Chinese architectura l history . 

C Conc lusion : 

China is one of the five ancient countr ies in the wor l d  with a long 

continuous history . Rammed earth and adobe were the f irst matera l s  used for 

arch itectura l construct ion . From the prehistoric age through s lave and feudal 

societies . nea r l y  a l l of the construction in the wor l d  depended on the earth 

technique . In the reaches of Huanghe r iver va l l ey . there are st i l l  40 m i l l ion 

peop l e  who l ive in the cave-dwe l l ings and other earth architecture . 

Consequent l y .  the history of adobe and rammed earth architecture and the s ite 

of Great Wa l l  bui l t  with rammed earth embody the course of Huanghe cu l ture . 

It shou l d  be recorded in the treasure home of human cu lture . and compared with 

such constructions as the pyramids in Eygpt . 

The ancient wars st imu l ated the bui l ding of defense ramparts . and the 

act ivities of bu i ld ing city wa l l s advanced the techn ique of adobe and rammed 

earth . The Great Wa l l .  the ancient cities of Gaochang and J iaohe and other 

rema ins are l ike a l l  the rare cu l tural rel ics in the wod d .  worthy of protection 

and restorat ion . 

The good example of deve lop ing and protecting the ancient city in China is 

the conservation engineering of Xian c ity wa l l .  Now . through the renovation 

by X ian peop l e .  It has been the ma in re l ic in X ian and has benefitted society 

and economy for 3 years . 
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ABSTRACT 

In spi te of the fact t h at the  
conservat i on of cu l tura l  her i t age 
i s  a concern of t he wor l d today ,  
t h e  heterogene i ty o f  t h i s  heri t age 
has caused confl i ct i ng conserva
t i on phi l osop h i e s  among pol i cy
makers and profe s s i onal s who do 
not agree on common so l uti ons  to 
common prob l ems . Conservat i on 
phi l osoph i e s  and pract i ces become 
di ffi c u l t  when t a l k i ng of arc h i 
tectural  con servat i o n ,  as  o n e  i s  
deal i ng wi t h  structures exposed 
to a l l the  envi ronmental  hazards 
and much worse when deal i ng w i t h  
earthen structures , bui l t  of a 
materi a l  descri bed as poor , 
fragi l e ,  archai c ,  and pri mi t i ve .  

I t  i s  obv i ou s  t h at i n  
deve l op i ng countri es  l i ke Tanzan i a  
both pol i cymakers and profes
s i ona l s  have been promoti ng and 
advoc at i ng the  u se  of modern 
bui l di ng materi a l s and cons i gn i ng 
the  vernac u l ar arch i tecture , earth 
struct ures i nc l ude d ,  to  vi l l age 
museums . 

The act ua l  fact i s  t hat 
modern bui l d i ng techn i ques are 
beyond the reach of the general  
rural  popu l at i on in Tanzan i a ,  as  
i t  i s  in  some other deve l opi ng 
countri es . Regar d l e s s  of the  
above fact , pol i cymakers and 
profes s i ona l s  are encourag i ng and 
promot i ng the  use of modern 
bui l d i ng techni ques . Despi te  th i s 
confl i ct between the  i dea l s of 
pol i cymakers and actual  real i ty ,  
i t  must b e  understood that the  
heri t age has  to  be pas sed over  to  
the next generat i on .  I am o f  the  
opi n i on t h at cyc l i ca l  mai ntenance 
and conservat i on of the  earthen 
archi tecture cou l d  be a compromi se 
in  our country . Techni ques of 
trad i t i ona l  earthen arch i tecture 
shou l d be perpetuated and yet 
adapted to c h angi ng condi t i on s .  

KEYWORDS 

Cyc l i c a l  mai ntenance , trad i t i ona l  
craft s ,  l eg i s l at i on ,  trai n i n g ,  
i mproved des i gn s ,  di s semi nati on of 
i nformat i on ,  conservat i on wi t h i n  a 
rural  bui l t  envi ronment . 
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Despi te  prejudi ces  t h at h ave conti nued to f l ouri s h  under many gu i ses , 
condemni ng earth as poor ,  fragi l e ,  archai c ,  and pri mi t i v e ,  evi dence from a l l 
over the  worl d - poi nt s  i n  prec i se ly  the  oppo s i t e  di recti on : earth i s  a versati l e  
and durab l e  bu i l di ng materi a l  wi t h  many qual i t i es t o  just i fy i ts u se  today .  

Supporti ng the  use  o f  earth a s  a bui l d i ng materi a l , Dr . J u l i u s  Nyerere , 
Pres i dent of the  Repub l i c  of Tanzani a ,  dec l ared i n  1 97 7 :  

Peop l e refuse to  bui l d  a house o f  burned bri ck s  and t i l es ,  
they i n s i st on wai t i ng for a t i n roof and N European soi l N  
- cement . If we want to progress  more rapi d l y  i n  the 
future we must overcome at l east some of t hese mental  
b l ocks . [ 1 ] 

And Mrs Ind i ra Gandh i , Prime Mi n i ster of I ndi a ,  st ated i n  1 980 : 

Al l the  new houses  are bui l t  for energy consumpt i o n .  They 
are hot i n  summer and co l d  i n  wi nter,  whereas our o l d  
houses  are not . So we have not on ly  to h ave new techno l ogy , 
but l ook a bi t to t he  o l d  techno l ogy . There i s  much sense 
in  what peop l e  have evol ved over the  years to s u i t  t hei r 
c l i mate , t hei r envi ronment , t hei r way of l i v i ng .  You can ' t  
keep a l l o f  i t ,  because  our way o f  l i fe has  changed , but I 
t h i n k  a l ot of i t  can be adapted and made effi c i ent . [ 2 ]  

Archaeo l og i ca l  research has  revea l ed t hat earthen arc h i t ecture was i n  use  
duri ng the  n i nth  century A . D .  a l ong the East  Afr i c an coast , espec i a l l y  in  Ki l wa 
Ki s i wani  and probably much earl i er i n  s ome i n l and areas . I t  i s  a her i t age to  
be proud of , a symbol and  i dent i ty of our arch i tectural  devel opment . Today , 
t h i s type of bu i l di ng domi nates the  vernacu l ar arc h i tecture i n  the  country .  

The I nternat i ona l  Charter for the  conservati on and restorat i on o f  monuments 
and s i tes  - The Ven i ce Charter - wh i c h  was adopted by the  Second I nternat i ona l  
Congres s  of Arch i tects and  Techn i c i ans of  Hi stor i c  Monuments c at i t s  meet i ng i n  
Ven i ce from May 25th  t o  31 st 1 964 ) ,  exp l i c i t ly states : 

Imbued wi t h  a mess age from the  past , the  h i stor i c  monument s  
o f  generat i ons o f  peop l e remai n to  t h e  present day a s  
l i v i ng witnesses  o f  thei r age-o l d  tradi t i on s . Peop l e are 
becomi ng more and more consc i ou s  of the uni ty of h uman 
va l ues  and regard anci ent monuments as  a common heri t age . 
The common respon s i bi l i ty to s afeguard them for future 
generat i on s  i s  recogni se d .  I t  i s  o u r  duty to h a n d  them 
on i n  the fu l l  ri chness  of thei r authent i c i ty .  [ 3 ]  

Whi l e  Presi dent Nyerere and Mrs I ndi ra Gandhi h ave encouraged t h e  u s e  of 
earth as  the best way of deve l op i n g  our bui l d i ng i ndu stry , the I nternat i ona l  
Ch arter too , advocates the  h andi ng over of a country ' s  arc h i t ectural  heri t age 
to s ucceedi ng generat i ons in the fu l l r ichness  of i ts authent i c i ty .  Thi s i s  a 
c l ear i ndi c at i on of the  need to conserve th i s arc h i t ecture i n  every pos s i b l e  
way . But i t  i s  obvi ous  that c u l t ure i s  never stat i c  and so conservat i on of 
earthen arch i tecture has to take i nto consi derat i on not on ly  the conservat i ve 
and sc ient i f i c  way of archi tectural  conservat i on but a l so the  soci a l  and 
econom i c  factors wh i c h  neces s i t ate  the  i dea  of cyc l i ca l  mai ntenance . 

Hi stori c a l  Background 

Earthen archi tecture i s  s t i l l  a l i v i ng art i n  Tanzani a ,  as  wel l as  e l sewhere i n  
the  worl d .  I t  has  been u sed for t housands o f  years , not on ly  i n  rural  hou s i n g ,  
b u t  a l so for monuments t h at ref l ect t h e  materi a l  and s p i r i t ua l  devel opment of 
communi t i e s : warehouses , aqueducts ,  pyrami d s ,  re l i g i ous  bui l di ng s ,  and defens i ve 
wal l s .  Earth i s  one of the  most pract i c a l  and vi ab l e bui l d i ng materi a l s  as i t  
i s  an eco l og i ca l  resource the  u se  o f  wh i c h  i s  based o n  regi onal l y  deri ved 
techni que s . N Earth structures , bui l t  of l oca l  materi a l s  by l oca l  peop l e ,  do not 
demand a h i gh l evel  of technol ogy . They are not bui l t  to s c i ent i f i c  pr i nc i p l e s  
nor are prec i se quant i t i es and mi xes used . Each new generat i on had to reas sert 
the  way and pass on the  method to  the next generat i on . N  [ 4 ]  



I n  Tanzani a ,  trad i t i onal  bui l di ng construct i on i n  rural  areas was a l ways a 
h i gh l y  cooperat i ve venture . I t  was a major soci a l  occasi on i n  wh i c h  both men 
and women cooperated . There was very l i t t l e  di vi s i on of l abour and everybody 
was supposed to know everyt h i n g .  Gi ven these consi derat i ons - very l i tt l e  
d i v i s i on o f  l abour , t he need t o  use  essent i a l l y  vo l unt ary manpower , and the  
uni formi ty of the  structures - one wou l d  t h i n k  t hat construct i on techni ques 
wou l d  h ave  to  be extreme l y  s i mpl e .  I n  fact gett i ng any sort o f  earthen 
dwe l l i ng to  st and up  requ i res a good deal of sk i l l  and t he  u se  of techn i ques 
devel oped consci enti ous l y  over a l ong peri od of t i m e .  These techni ques i nvol ve 
choosi ng the  so i l ,  prepari ng the  soi l for bui l d i n g ,  and se l ect i ng admi xtures 
and fi ni shes . The durabi l i ty of these structures depends very much on t hei r 
mai ntenance . They can surv i ve n i c e l y  as l ong as they are i n  u se . 

Types of Earthen Arch i tecture 

There are three mai n types of earthen arch i tecture in Tanzan i a .  Bui l di ngs  are 
mai n l y  curvi l i near or rect i l i near i n  p l an .  Roofs are ei ther f l at ,  coni ca l , 
pyrami da l , or beeh i ve type , u s ua l ly  s upported by a central  pol e and made of 
c l ose ly  space d ,  heavy rafters t i ed toget her to form a strong support for 
t hatc h .  Thatch may be tucked i nto  the framework or app l i ed i n  l ayers fastened 
to  the framework and t i ed together by means of t h i n  reeds and st i c ks . F l oors 
are made by beat i ng mud wi t h  a wooden beater whi l e  it set s .  The mud i s  mi xed 
wi t h  ch arcoa l , sma l l aggreg ate ,  or cow dung and t hen smeared w i t h  ashes , c l ay 
or cow dung . Mud fl oors can become a l most as hard as cement and qui te smooth .  

The most popu l ar type of earthen arch i tecture i s  watt l e  and daub wh i ch i s  
found i n  both rural  and urban areas . Wal l s  of bui l di ngs are made of upri ght 
wood posts  to  wh i ch hori zont a l s are t i ed in  paral l e l pai r s .  Thi s framework i s  
fi l l ed wi th  mud and p l astered on the i ns i de and outsi de w i t h  cow dung , ashes , 
or c l ay .  The pl aster,  wh i c h  acts as a protect i ve l ayer , i s  u s u a l ly  appl i ed i n  
several coat s ,  and i n  some c ases vegetab l e  oi l s  are added t o  create a k i n d  of 
water repe 1 1 ant . The ri g i d i ty of the struct ure depends very much on how deep 
the posts  are pl anted i n  the ground . The mud wh i ch i s  used for both framework 
fi l l i ng and p l asteri ng i s  prepared by di ggi ng a p i t  and di scardi ng t he  top 
soi l . Then the  red soi l i s  broken i nto  c l ods whi l e  wet , pudd l ed by stamp i ng 
and then app l i ed by hands . 

Another pri nci pal  type of earthen arch i tecture i s  made of s un-dri ed c l ay 
bri cks . Th i s  type i s  used wi dely and i s  probab l y  of a recent devel opment . 
C l ay br i cks  are shaped i n  mou l d s ,  dri ed i n  the  sun  ( preferab ly  under shade ) ,  
and then used to  bui l d  wal l s .  These wal l s  are u s u a l ly  bui l t  on stone founda
t i ons , but i n  some c ases  a foundat i on trench i s  excavated and the wal l bui l t  up 
from i t .  The soi l i s  prepared in the s ame way as  the wat t 1 e-and-daub 
construct i on ,  u s ua l l y  wi t hout admi xture s .  Much care i s  needed i n  t he  se l ec t i on 
of soi l s  for these bri c k s ,  so as to avoi d cracks and shri nk i n g .  

A t h i rd type i s  rammed eart h ,  wh i c h  i s  l i mi ted t o  vezy few areas i n  the 
country . A bui l di ng i s  erected in  courses of about 30 cm , wh i ch are l eft to 
h arden before the  next course i s  app l i ed .  Soi l s  are prepared i n  the  s ame way 
as the  other examp l e s  and u sua l l y  a 3D-cm wi de trench i s  dug i n  wh i c h  the  wal l 
construct i on start s .  The wal l s  are p l astered on ly  o n  the  i nteri or , u s i n g  cow 
dun g ,  ashes , or vari ous  types of c l ay .  

Exi sti ng Conservat i on Strategi es 

Archaeo l ogi c a l  Si tes  

Earthen arch i tecture has  survi ved in  archaeo l og i ca l  s i tes  and in  very o l d  
set t l ements  i n  Tanzani a and e l sewhere i n  Afri c a .  I t  i s  t h i s heri t age that must 
be handed over to the  next generati ons i n  i t s  authent i c  form . Experi ence has  
shown that earthen  structures wi l l  not  surv i ve if  they are  subjected to  
envi ronmenta l  hazard s :  i n  other  word s ,  unexcavated archaeo l og i c a l  s i te s  st and a 
better ch ance of s urvi va l . 

The conservat i on of these archaeo l og i ca l  rema i n s  - for sc i ence , c u l ture , 
and touri sm i s  i n  i t s  i nfancy i n  Tanzani a ,  not on ly  bec ause of the  l ack  of 
expert i s e  and fundi n g ,  but a l so ,  to  a great extent , due to  l ack of wi l l .  Both 
the  government and the  general pub l i c  are comp l acent about the  con servat i on of 
these  s i tes  and the preservat i on of the sk i l l s  and techn i ques  t hat coul d s ave 
them.  The exi sti ng l eg i s l at i on only covers the  conservat i on of structures 
bui l t  before 1 863 ,  but does not i nc l ude ( or recogni ze )  the sk i l l s  and techn i ques 
used to bui l d  these structures . Thu s ,  wi t h  t i m e ,  they wi l l  vani s h ,  and it may 
become di ffi c u l t  or i mpos s i b l e to conserve structures u s i n g  trad i t i onal  
materi a l s  and sk i l l s .  Thi s wi l l  then open the  way for the use  of expen s i ve 
synthet i c  materi al s .  

These earth structure s ,  wh i ch h ave been st andi ng for thousands  of years , 
may i n spi re l i tt l e  i nterest i n  and of themse l ves . What i s  i nteresti ng i s  how 
these structures cou l d have s urvi ved for so l ong i n  such condi t i on s ;  and what 
i s  even more i nteresti ng are the  techni ques and s k i l l s  that have a l l owed these 
structures to  go on through cent uri es  in s uch a sati sfactory manner . 
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The Bu i l di ng Research Un i t ,  a Department i n  the  Mi n i stry of Local  Govern
ment , Commun i ty Devel opment , Cooperat i ves and Market i ng in Tanzan i a ,  has been 
undertaki ng s c i ent i f i c  research to fi nd out the s ecret to the earth structure s ' 
durabi l i ty . These s uperfi c i a l  research fi ndi ngs  have res u l ted i n  treatments 
that are not on ly  expen s i ve but a l so cumbersome to u se  and contro l . They need 
speci a l  experti se ,  exot i c  admi xture s ,  and mai ntenance . I have c a l l ed th i s 
research s uperfi c i a l becau s e ,  wi t h  the  archi tecture sti l l  extant , i t  s eems s uch  
studi es  s hou l d have  concentrated on the  trad i t i onal  sk i l l s  and  techni ques and ,  

.i f  need be , then i mprovements cou l d  b e  t aken a s  a s upp l ement . 

I n  Tanzan i a ,  conservat i on l eg i s l ati on i s  geared towards the  se l ecti on , 
l i st i n g ,  or schedu l i ng of bui l d i ng s  that are of h i stori c or arch i tectural  
s i g n i fi cance as  h i stori c or nat i ona l  monument s .  Thi s l ega l  prov i s i on i s  deemed 
adequate for - securi ng the protect i on and preservati on of monumental  remai ns  of 
past cu l tures or c i v i l i zat i ons  - archaeo l ogi ca l  s i tes - whi ch i n  most cases are 
ei ther rui ned or s i tuated i n  abandoned settl ement s .  However , when we t a l k of 
conserv i ng the character ,  tec h n i q ue ,  s k i l l ,  or  craft , wh i ch are the backbone of 
thi s h er i t age , s uch  l eg i s l at i on i s  i nadequate s i nce i t  does not address  these 
i s sues . 

Museum Conservat i on Approach 

Tanzani a has estab l i s hed a vi l l age museum i n  Dar es  Sal aam , at Ki j i tonyama , 
where examp l e s  of the  country ' s  vernacu l ar archi tect ure , earthen archi tecture 
i nc l uded , h ave been recreated for di sp l ay and con servat i on purposes . The 
estab l i s hment of such museums has  in most cases  been i nf l uenced by the  
European open-ai r museum concept w ithout a cri t i ca l  ana lys i s  of the rati ona l e  
for s uch  types o f  museums . *Whereas earth arch i tecture i n  Europe i s  genera l l y  
speak i ng a phenomenon o f  t h e  past , i n  Afr i c a  i t  i s  st i l l  a l i v i ng real i ty 
prov i d i ng hous i ng for the majori ty of the rural  i nhabitants , about 85% of the 
popul ati on . *  [ 5 ]  I t  sti l l  domi nates the rura l  bu i l t  envi ronment and the  bas i c  
prob l em i s  not t h e  preservati on o f  the  dyi ng t radi t i on o r  even a n  exti nct one , 
but how best to achi eve rati onal  and p l anned devel opment of such arch i tecture . 

I t  i s  fa l l ac i ous  and r i d i c u l ous  to start reconstruct i ng bui l di ngs  i n  
vi l l age museums for di sp l ay and conservat i on when such  bui l d i ngs  are wi de
spread i n  the  country . It i s  absurd not to understand that i n  a country l i ke 
Tanzan i a - where t h i s  arch i tecture i s  vari ed in  terms of materi a l s ,  
constructi on sk i l l s  and techni ques , and des i g n  and spat i a l  arrangements  - the  
recon struct i on or assemb l i ng of a represent ati ve s amp l e i s  a gargantuan under
t ak i n g .  I t  i s  a l so contrary to conservat i on phi l o sophy because such  museums 
are out of context , and it i s  not pos s i b l e  to recreate the envi ronment i n  wh i c h  
t h e  bui l d i ngs  were concei ved , deve l oped , and l i ved i n .  

Of cours e ,  bri ngi ng together a l l these di fferent bu i l di ngs s i mp l i fi es 
thei r management and conservat i o n ,  but what i s  forgotten i s  the  envi ronmental  
i nf l uence so i mportant in  archi tectural  devel opment . I t  i s  practi ca l  and 
l og i ca l  to bui l d  an earthen fl at-roof bui l d i n g  i n  Dodoma where i t  doesn ' t  r a i n  
very much , b u t  not to bui l d  the  s ame i n  Dar e s  Sal aam where i t  rai n s  heavi l y  
for most o f  the  year . 

Future Pol i cy 

It i s  evi dent that ex i st i ng conservat i on pol i cy i n  Tanzani a ,  as wel l as i n  
other Afr i c an countri e s  south of the Sah ara , needs to deve l op new percepti on s  
a n d  t arget s .  I n  the formu l at i on o f  po l i c i e s  and the  pl anni ng of programmes 
there i s  a need to foster a concept of conservation  wh i c h  - wi thout abandon i ng 
the trad i t i onal  l i st i n g ,  schedu l i ng ,  and preserv i n g  of monuments accordi ng to 
thei r arch aeo l og i c a l , h i stori c a l , and arti s t i c  s i gn i fi cance - wi l l  have a wi de 
scope to embrace the conservat i on of s k i l l s ,  craft s ,  and tradi t i ona l  techni que s .  
Thi s concurs we l l  w i th  what Dr . J u l i us Nyerere dec l ared i n  1 977  and Mrs I nd i r a  
Gandhi i n  1 980,  as  quoted ear l i e r  i n  th i s paper , w h o  were emphas i zi ng the  u s e  
o f  l oca l  a n d  tradi t i ona l  resources i n  o u r  bu i l d i ng i ndustry .  T h u s  l oca l  and 
tradi t i ona l  resources , espec i a l l y  eart h ,  wi th  proper p l ann i ng and management 
can contri bute both to the  bui l d i ng i ndustry and to the  soci oeconomi c devel op
ment of the commun i t i es wh i c h  created t hem and so to the nat i on at l arge . 

Earthen arch i tecture i s  st i l l  a l i v i ng ent i ty i n  Tanzan i a ,  as we l l  as i n  
other countr i e s . Thi s does not mean that i t s  future i s  unassa i l ab l e  or un
threatened . On the  contrary , i ts future i s  very i nsecure , and modern devel op
ment pol i c i e s  represent a major threat . Urban devel opment has  not yet reached 
a poi nt where i t  i s  fast destroyi ng the rural areas , but the att i tude of the 
pol i cymakers ,  p l anner s , profe s s i ona l s ,  and bui l d i ng materi a l  i ndustr i a l  
managers make t h e  future o f  earthen archi tecture uncert ai n .  Th i s  tendency has  
been perti nent l y  descri bed by  Jean  Det h i er :  

Al t hough unbaked earth no l onger needs any real  
j u s t i fi cati on on techni ca l  or mater i a l  ground s ,  resi stance 
to it persi sts  from quarters whose economi c ,  psycho l og i c a l , 
c u l tura l , i nst i tut i ona l  and pol i t i ca l  we l l -bei ng i s  
threatened by i t .  Such oppos i t i on i s  somet i mes c a l c u l at i ng l y  
s e l f-i nterested , for t h e  economi c systems ch aracteri st ic  
of earth  construct i on mi ght i njure i nfl uent i a l i nterest
groups . I ndustr i a l  corporat i ons and mu l t i -nati onal s wh i ch 
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produce bui l di ng materi a l s ,  as we l l  as t h e  techni ca l  
consu l t ants respons i b l e  for  empl oyi ng t hem , occa
s i onal l y  seek to di scredi t  unbaked earth i n  order to  
protect t hei r own market . [ 6 J  

Thus  i t  i s  upon the pol i cymakers , p l anners , and profess i ona l s  i n  t h e  fi e l d  
of arc h i t ectural  conservat i on to  come forward wi t h  conservat i on l eg i s l at i on ,  
conservat i on programmes ,  and trai n i ng opportun i t i es that offer the  pos s i bi l i ty 
of preservi ng the  arch i tectura l  character , sk i l l s ,  t echni ques , and craft s 
through trai n i n g ,  d i s semi n at i on of i nformat i o n ,  and des i gnat i on of con servat i on 
areas wi th i n the  rural  envi ronment . Trai n i ng cou l d  t ake a form of formal 
educat i on i n  both secondary schoo l s  and i nst i tut ions  of h i gher l earni ng , 
apprent i cesh i p ,  on-the-job trai ni ng ,  work shop s ,  refresher course s ,  and 
semi nars . These peop l e h ave to  be assured of job opportun i t i es and market 
demand for thei r products ,  otherwi s e  such programmes wi l l  never attract them .  
Such  probl ems coul d be reduced by start i ng b ig  government hous i ng schemes u s i ng 
earth as a bui l di ng materi a l  i n  di fferent part s of t he  country , especi a l l y  i n  
rural  areas . 

Conc l u s i on 

The s uccess  of cyc l i ca l  mai nten ance of earthen bui l d i ng c an be poss i b l e  i f  most 
of the popu l ati on has the necess ary s k i l l s ,  techni que s ,  and wi l l  to  l i ve i n  
those  bui l d i ngs . Therefore i t  shou l d  be the  duty of the  profe s s i ona l s ,  not 
only to  record and document the heri t age , but a l so to  study in detai l t he soi l 
as a bui l d i ng materi a l , i t s  construct i on techni que s ,  and t he  soci oeconom i c  and 
cu l tura l  patterns assoc i ated w i t h  t h i s heri t age . These studi e s  shou l d  be made 
eas i l y  avai l ab l e and the country ' s  trai n i ng i n s t i t ut i on s  shou l d teach these  
techni ques , sk i l l s , and  crafts so t h at peop l e  l i v i ng in  these  earthen bui l di ngs  
can understand t he i r  structures in  a better and sc i enti fi c way . Thi s under
standing  shou l d  he l p them to  do the construct i on ,  repai r ,  and maintenance of 
thei r houses , a tradi t i on w h i ch  i s  now d i s appear i n g  rapi d l y .  

Peop l e have t o  understand not o n l y  t h e  va l ue o f  earth as  a bui l d i ng 
materi a l  but a l so the  comfort and p l easure of l i v i ng i n  s uch  bui l di ngs , an 
aspect wh i c h  c a l l s  for i mproved des i g n  and fi ni shes . The bu i l d i ngs  h ave to meet 
today ' s  needs and funct i ons i n  order to provi de a comfortab l e  envi ronment . As 
s a i d  abov e ,  t h i s has to  be done t hrough trai n i n g .  Young peopl e must b e  trai ned 
to  des i gn and use earth as  a bui l di ng materi a l , a s ubject wh i c h  now i s  never 
t aught i n  arch i tectural  trai n i ng i n st i tut i ons . However,  i t  i s  agreed th at 
eart hen structures , just  as  any other structures ,  are i mportant i n  terms of 
funct i on ,  sc i ence , and c u l t ure , and t h i s  i s  why the wor l d  i s  concerned w i t h  
thei r conservat i o n .  

Whereas a l ot o f  research and studi es  have been done i n  t h e  i ndustri a l i zed 
wor l d  and a l ot of trai n i ng i s  a l so avai l ab l e ,  often th i s i nformat i on i s  not 
di s semi nated to  p l aces where it mi ght be useful . The use of modern bui l di ng 
materi a l s i n  the deve l opi ng wor l d i s  promoted wi t hout consi der i ng t h at t h e  
economy a n d  expert i se do not a l l ow the  u se  o f  s uch  materi a l s i n  most rural  
areas . 

I n  addi t i on to t he  research trai n i ng and di s semi nat i on of the  fi ndi ngs , 
such  a her i t age cou l d  be protected and preserved wi t h i n  t he  rural  bui l t  
envi ronment i n  c l early demarcated conservat i on areas wh i ch shou l d  be i ntegrated 
wi t h  the v i l l age p l anni ng and devel opment process . Thi s ,  as  opposed to the  
museum approac h ,  i s  rooted in  real i ty s i nce the  bui l di ngs keep  thei r ori g i na l  
set up and funct i on and recei ve c are , repai r and mai ntenance from the  owner . 
Cyc l i c a l  mai ntenance by the  owner reduces t he fi nanci a l  commi tment from 
government and addresses  i t se l f  to funct i ona l  requi rement s  of the  peop l e  who 
use  the bui l d i ngs . 
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Ear t h  is one of the mos t 
common t r ad i t 1 0na l 
bu i l d i ng ma ter i a l s  of 
Br i t a i n .  I t  occurs as 
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mesh f r ame ) , i n  mass and 
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not deve l oped and has 
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History and Traditions 

SOME NOTES ON EARTH B U I LD I NG I N  B R I TA I N  

Shawn R H Kho l uc y  BSc (hons ) A r c h  D i p  Arch 

Ear t hen bu i l d i ngs abound in Br i t a i n .  They are f ound as a) t he 
pr i nc i pa l  e l ement i n  t i mber- f ramed bu i l d i ngs ( t he wea t her 
protec t i on i n f i l l  pane l s ;  b) mono l i th i c  s t r uc t ures w i t hout 
spec i a l  f ound a t i ons ; c )  mono l i t h i c  ear t h  l a i d  between shut t e r i ng 
suppor· t ed on spec i a l  f o unda t i ons; and d )  ear t h  b l oc k  
cons t ruc t i on o n  spec i a l  f ounda t i ons . 

P ar t i c u l ar t ypes of c ons t r uc t i on are usua l l y  assoc i a ted w i t h  
spec i f i c areas of t h e  c oun t r y .  Type a )  i s  the most c ommon and 
i s  f ound throughout t he coun t ry wherever t i mber bui I d i ng was 
used (genera l l y w i despread ) .  Type b )  i s  c oncen t r a t ed 
pa r t !  c u l ar l y  i n  the southwest par t of the c oun t ry (C ornwa l l ,  
Devon , Somerse t )  but i s  not unc ommon fur ther east < W i l t sh i re ,  
Oxfordsh i re ,  Hampsh i r e ) . Type c )  i s  f o und i n  t he eas t ern par t o f  
t he coun t ry < and i s  c ommon l y  encountered i n  spec i f i c  par t s  o f  
N o r f o l k ,  Su f f o l k ,  Essex and Cambr i dgesh i re ) . Because i n  t he 
e i gh teen t h  c en t ury , i ns t r uc t i ons as to i t s manuf ac t ur e  and 
cons t r uc t i on were pub l i shed for and d i s t r i bu t ed among embr i on i c  
non- c onf orm i s t  church congrega t i ons , p l ann i ng t o  bu i l d t he i r  
churche s ,  chape l s  are found o f  the ma ter i a l  throughout t he sou t h  
part o f  Br i t a i n .  I do not k n o w  o f  a n y  i n  the nor t h .  Type d )  i s  
l a rge l y  conf i ned t o  t h e  same areas a s  t ype c ) , and i n  t hose 
areas is far more c ommonp l ac e .  (See t he d i s t r i bu t i ons maps i n  
Brunsk i I I ' s  Vernac u l ar Arc h i  t ec t ure <London Bos t on , Faber 
1 9 7 1 >  1 90- 1 92 ) .  

The ear l i es t  a t t r i butab l e  sur v i v i ng examp l es of ear t h  used as a 
bu i l d i ng ma t e r i a l  i n  Br i t a i n  < o ther t han as mor tar ) d a t e  f rom 
the Roman occ upat i on < be f or e  4-00 AD ) .  Examp l es of Roman ear t h  
wa l l s are Norw i c h  C as t l e  and Hadr i an ' s Wa l l .  These wer e  i n  
b l oc k  o r  shu t t ered cons t r uc t i on ' . But i t  i s  l i k e l y  t h a t  i t  was 
used l ong be fore tha t , and examp l es may we l l  ex i s t  unk nown . 

The t ype of t i mber- f r amed work wh i c h  emp l oys ear t h  I n f i l l  
< c a l l ed wat t l e-and-daub ) , t ype a )  above , i s  accep t ed f r om w i de 

spr-ead examp l es throughout Br i t a i n  to d a t e  f rom t he t we l f t h 
century . But as ear l i er t i mber- f r a m i ng ex i s t s  t he daub pane l s  
may we l l  b e  ear l i er too . 

The mono l i t h i c ,  un f o unded t y pe desc r i bed as b )  above , c er t a i n l y  
surv i ves i n  t he south-west pen i nsu l a  f rom t he f i f teen t h  c e n t ur y  
and probab l y  much ear l i er t o o .  I n t ermi t t ent cons t r uc t i on has 
cont i nued un t i l  t oday when i t s use has d i m i n i shed grea t l y ,  
l i mi t ed t o  the sout hwest par t o f  t he coun t r y .  

I n  both t he above c ases the uncer t a i n t y  a s  t o  t he date of or i g i n  
i s  due t o  t he l ac k  o f  a t ypo l ogy o r  records f or the t ypes of 
re l evant bu i l d i ngs . T i mber- f ramed bu i l d i ngs have t r ad i t i ona l l y  
i n t eres t ed h i s t or i ans and archaeo l og i s t s  and t ypo l og i es of 
t he i r  f r ame f orm ex i s t  but are now found t o  be defec t i ve i n  
t he i r  a t t r i bu t ed date ( t he t ypo l ogy ocass i ona l l y  sugges t s  t he 
bu i l d i ng i s  younger than o t he r  cons i der a t i ons wou l d  d i r ec t ) . The 
daub has not been t he subj ec t of h i s t or i ca l ana l ys i s .  

Mono l i t h i c  bu i l d i ngs f ormed w i t h  t he use of 
are t hought t o  d a t e  f r om t he m i d- e i gh t een th 
n i ne t een t h .  Th i s  is subs t an t i a t e d  by es t a t e  
we l l  a s  r o o f  typo l ogy . They a r e  founded 
pI i n ths _ 

shut ter i ng ( t ype c )  
c en t ury t o  t he m i d
maps and records as 
on f l i n t  o r  br i c k  

Earth b l oc k  b u i l d i ngs < t ype d ) , apa r t  f rom t he f ew Roman 
f ragmen t s ,  are now t hought < a l so f r om es t a t e  maps , records and 
compar i t i ve t ypo l ogy ) to l arge l y  date f r om t he m i d-e i gh t een t h  t o  
t h e  m i d- n i ne t een t h  cen t ur i es .  Ther-e was a br i e f  resurgence of 
ear t hen c ons t r uc t i on a t  t he beg i nn i ng o f  t h i s  c en t u r y ,  
espec i a l l y  i n  t h e  areas wh i c h had a n  ex i s t  i ng e a r t h  bu i I d i ng 
t r ad i t i on ,  but a l so i n  unexpec ted ones t oo .  They t end to be 
i s so l a t e d  examp l es r a t he r  t han h i gh consent r a t  i ons . They are 
founded on f l i n t or br i c k  p I  i n t hs .  Twent i e t h  century ear t hen 
s t r uc t ures o f t en have s l a t e  or b i t umen damp proo f courses , 
ear l i er ones do not . I n  one Nor f o l k  v i l l age t he bo t t om t hree 
courses are bedded in l i me mor t a r .  Th i s  has not been not i c ed 
e l sewhere. A c l ay s l ur r y  is o t herw i se used for bedd i ng .  
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The method of const ruc t i on of t i mber f r amed pane l s  var i es 
s l i gh t l y  i n  t he c ons t r uc t i on of t he wat t l e i n  d i f f erent par t s  o f  
t he coun t r y .  Broad l y ,  f r'ames i n  the wes t  are d i v i ded i n t o  ha l f  
or t h i rd s t orey squares , f i l l ed b y  wa t t l es o f  t h i n  wooden s l a t s  
arr anged i n  a ' basket wea v e '  pa t t e r n .  Those i n  t h e  eas t ,  where 
the d i v i s i ons are c l ose l y  spaced upr i gh t s  of one or' t wo s t o rey 
he i gh t  w i th a pane l w i d t h  of about 300 mm - 600 mm, t he wa t t l e 
may be no t h i ng more than ver t i c a l  haz e l  branches wedged be t ween 
the c ross beams . Some t i mes i n termed i a t e  shaped c r oss bars ho l d  
these i n  p l ac e .  I r respec t i ve o f  t he wa t t  I e ,  the daub < sand , 
c l ay ,  s t raw, dung m i x )  was then t hrown on f r om both s i des i n  one 
coat < per s i de )  to t he f a c e  of the adj acen t t i mbers < about 1 00 
mm 1 5 0 mm i n  t o t a l  t h i c k ness > . The who l e  wou l d  then be 
l i mewahed ( i nc l ud i ng t he t i mbers ) . Some t i mes a t h i n  l i me render 
may have been s k i mmed across t he sur f ace for a smoo t her f i n i sh .  
Decay o f  t he wa t t l e i s  usua l bu t i s  no t grea t l y  s i gn i f i c a n t  t o  
the l i f e  o f  the pane l a s  once the daub has set then i t s j ob i s  
l a rge l y  f i n i shed , Domes t i c  b u i l d i ngs f rom the Roya l Pa l aces 
downwards were b u i  1 t o f  t h i s  ma ter i a l . The use of daub d i ed out 
dur i ng t he seve n t een t h  c e n t u r y .  

1 .  P i t c h f ord Ha l l ,  
rena i ssance mans i.on i n  

a f i f t een t h  
Shropsh i r e .  

c en t ur y  t i mber and earth 

Mono l i t h i c  cons t r uc t i on used the same ma t er i a l s  as f or daub . The 
m i x ,  hav i ng been t horough l y  t ramp l ed < us ua l l y  by c ows or 
b u l l oc k s >  i s  s i mp l y  p i l ed on i t se l f .  The resu l t i ng mass i s  t hen 
pared to f orm s t r a i gh t  s i des , The wa l l s of the b u i  l d i ngs are 
usua l l y  about 500 mm - 1 000 mm t h i c k  and t aper s l i gh t l y  to t he 
t o p .  The corners are usua l l y rounded . Suc h dev i c es as bread 
ovens are f ormed w i th i n  t he t h i c k ness o f  t he wa l l s and therefore 
are expressed a rc h i tec t ur a l l y .  The wa l l s are usua l l y l i me 
rendered and l i mewashed . Any domes t i c  and a l l i ed ( i . e . out
house) b u i l d i ng can be f ound in th i s  ma t er i a l , grand houses as 
we l l  as hove l s .  



3 . Pulham Manor Farm is 
a mediaeval t imber and 
earth bui lding wi th a 
nineteenth century earth 
block add i t ion . 

History and Traditions 

2 .  A n i neteenth c e n t ur y  bas i c  mono l i t h i c  c o t t age near 
Chr i s tchurch , Hampsh i r e <now demo l i shed ) . 
< Pho t ograph reproduced c our t esy of t he Hampsh i re Museums 

Serv i c e )  

Mono l i t h i c  work us i ng shut t er i ng i s  k nown f or i t s s t ra i gh t  
ver t i c a l  s i des a n d  s h a r p  corners . Wa l l  t h i c knesses can b e  2 2 5  mm 
- 500 mID. The shut ter l i f t s are usua l l y  about 600 mm - 900 mm. 
They were he l d  by t wo rows of s t aggered t h rough bo l t s ,  and t he 
scars l ef t  f r om t he l a ter f i l l i ng of t hese i s  t he t e l l - t a l e  s i gn 
t h i s  t ype of cons t r uc t i on . They t oo were usua l l y  c overed w i t h  a 
t wo- coat l i me and / or c l ay render and l i mewashed . Of ten t hey were 
a l so t ared . Rec i pes f or l i mewash i ng and t a r i ng t oge t her , in one 
opera t i on ,  e x i s t . N a t ura l l y t h i s  me t hod l ends i t se l f  to 
repet i t i on of t y pe . Chape l s  and barns are the mos t c ommon l y  
found s t r uc t ures 

B l oc k  bu i l d i ngs of t he e i gh t een t h  and n i n e t ee n t h  c en t ur i es are 
genera l l y c omposed of 450 mm x 2 2 5  mm x 225 mm b l oc k s ,  mak i ng 
2 2 5  mm t h i c k  wa l l s .  Sma l l var i a t i ons do occur . They are a l ways 
two-coat rendered and t ared and / o r  l i mewashed . I t  i s  t hought 
that they supp l anted t he shu t t ered wor k .  C h i mneys are bui 1 t of 
br i c k .  Some t i mes bond i ng t i mbers are f ound a t  the c orners . Th i s  
me thod was used pr i mar i l y f or cot tages , f arm and garden 
bu i I d i ngs . Orchard wa l l s aga i ns t  wh i c h  peach t rees were grown 
made use of the ma t er i a l ' s  t herma l capac i t y even i n  areas where 
i t not o t herwi se commo n .  Exc l ud i ng t he twen t i e t h-cen t ur y  wor k , 
the wr i t er knows of on l y  one p i ece of ' arch i t ec t ur e '  <an 
e i gh t ee n t h  c en t ur y  ' Go t h i c '  f o l l y )  bu i l t  o f  b l oc k .  

A resurgence of i n t er es t  i n  bu i l d  i ng i n  t ypes c )  and d )  was 
eng i neered by t he government af ter t he f i rs t  wor l d  war to cope 
w i  t h  t he need for t he great number o f  houses wh i c h  were t hen 
needed by t he so l d i ers r e t urn i n g ,  to be bu i l t  qu i c k l y  and 
w i thout expens i ve f ue l .  A s i m i l ar but l esser resurgence occ ured 
a f t er t he second"' . These had on l y  1 i m i  t ed success due to t he 
speed of recovery of the es t a b l i shed br i c k  and l a t e r  c onc r e t e  
b l oc k  produc t i on ,  a n d  t he new l y i mposed bureauc r a c y  wh i c h  
l i mi ted ava i l ab l e  b u i l d i ng s i tes . 

The base ma ter i a l  f or a l l  t he above i s  t he same , the var i a t i on 
i s  i n  t he percent age of c l a y  to sand or cha l k  and wh e t her s t raw 
is added or no t .  Genera l l y daub has a c l ay content be l ow 5 per 

cent wh i Ie mono l i t h i c  and b l oc k  has a c l ay c on t ent above 5 per 
cent . 
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V i s ua l ana l ys i s  and sed i men t a t i on3 t es t i ng of t he 
mono l i t h i c  work ( t ypes c )  and d )  above ) of samp l es 
f rom one represen t a t i ve v i l l age i n  Cambr i dgesh i re ,  
and N or f o l k  respec t i ve l y  has revea l ed t h e  f o l l ow i ng :  

b l oc k  and 
c o l l e c t ed 

Su f f o l k ,  

SAMPLE ( s i t e )  

L t l e .  She l f ord 
Hoxne 
G t .  Hoc k ham 

% CLAY 

5- 1 0  

1 5  

1 5  

S I LT 

30-35 

25 

35 

SAND 

30 

25 

1 5  

GRAVEL 

30 

35 

35 

The c l ay c o n t en t  is i n t erest i ng l y  l ow in c ompar i s i on to t he 
f o l l ow i ng samp l es f rom e l sewhere i n  t he wor l d"' :  

SAMPLE ( s i t e )  % CLAY S I LT SAND GRAVEL 

Tumac acor i 4-6 2 6  2 4- 2 

Esc a l an t e  2 7  5 5  1 8  

Samarra 26 12 62 

lIr 1 5  68 1 7  

Choche 3 4- 59 7 

Aqar Quf 28 58 1 4-

Te l l  Omar 1 9  4-9 32 

The s t raw c o n t e n t  i n  our samp l es var i 8d f r om ' none ' t o  ' a  good 
dea l ' .  A l va and Teuton i c o  repor t t h a t  i t  i s  assumed t h a t  where 
t he s t raw i s  not f ound i t  has a l ready dec ayed . We have made and 
l a i d  new b l oc k s  w i t h  and wi t ho u t  s t raw and have not yet not i ced 
any di f f erenc e in t he i r  per- f orman c e .  In daub wor k  t he s t raw 
he l ps spread t he shr i n k age - not a prob l em in l ump work but 
reduc i ng the c l ay content reduces the overa l l  shr i nk age f a r  more 
sat i s fac tor i l y .  

The ma t e r- i a l  i s  named as f o l l ows accor- d i ng t o  r-eg i on 

Type a )  C a l l ed ' da u b '  t h roughout Br i t a i n  

b )  • c o b '  f rom Cor-nwa l l  t o  HampSh i r e .  
' c ha l k  mud ' f rom W i l t sh i r e t o  Berksh i re . 
• wi c her t ·  i n  !:luc k i nghamsh i r e .  
' c l a y  daub i ns '  i n  C umbr i a .  

c )  no t rad i t i ona l name . P i se , and cob are used i n  
t he area where c )  I s  f ound but t hey are modern 
names _ 

d )  • c l a y  l ump' 
' c  l ay bat ' 

i n  Nor f o l k ,  t o  Essex . 
i n  Cambr i dgesh i re .  

Daub i s  on l y  i n f requen t l y  repa i red , r e p l acement wi t h  a l t e r a t i ve 
mat er- i a l s  has bec ome c ommon p l ac e .  Repa i r  i s  uncomp l i c a t ed and 
s i mp l e  to ach i eve onc e the host sur f ac e  has been made recep t i ve . 
The o t her ma t e r i a l s  were repa i red by p i ec i ng i n  br i c k  or 
concrete b l oc k  or f i l l  i ng vo i ds wi th mass concre t e .  Th i s  i s  
usua l l y  des t r uc t i ve o f  the anc i en t  f abr i c " and s o  now a t t emp t s  
to repa i r  w i t h  recons t i t u t ed ' c o b ' , ' c l ay l ump ' e t c . o r  rema k i ng 
i t  to marry w i t h  t he hos t ma t e r i a l  i s  now be i ng pursue d .  

CONCLUS I ON 

Br i t a i n  has been s l ow t o  respec t i t s e a r t hen b u i l d i ngs . A l t ho ugh 
i t s h i s t o r y  here i s  regu l ar l y  punc t ua t ed w i t h  per i ods o f  
i n t erest i n  i t s c apab i l i t i e s ,  t hese have not been sus t a i ned . 

The wa t e r  proof i ng qua 1 i t  i es of daub and 1 i mewash are now seen 
to be more p r o t ec t i ve to anc i e n t  f r a mes t han t he modern 
subs t i  t u t e s  t ha t  have been used . Conc r e t e  b l oc k s  have not yet 
equa l l ed t he popu l a r approva l for t herma l a b i I i t y  t ha t  ear t hen 
ones have . 

The repa i r  of the ma t e r i a l  has h i gh l i gh t ed t h e  need f or grea t e r  
care a n d  respec t .  A t  the momen t t h i s  i s  an aspec t t h a t  has not 
been addressed adequa t e l y .  Knowl edge and prac t i c a l  app l ica t i on 
of suc cess f u l  repa i r  t ec hn i ques i n  B r i t a i n  l ags far beh i nd t h a t  
f or t he o t her t r ad i t i ona l b u i l d i ng ma t e r i a l s .  
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ABSTRACT 

Between A . D . 1150  and 1400 , 
Mogollon peoples of the Chihuahuan 
Desert in the Amer ican Southwest 
built pueblos ( settlements ) using 
puddled adobe construction tech
nique s .  The ruins of these 
pueblos are found across southern 
New Mexico and west Texas . 
Smaller pueblos had one or more 
l inear room blocks , while 50-room 
or larger pueblos were generally 
U-shaped or enclosed a plaza.  
Large , melted adobe mounds may 
indicate the remains of multistory 
room blocks . 

Archaeologists have excavated and 
studied prehistoric Mogollon adobe 
structures over the past 50 
years . The architectural details 
of these structures are descr ibed 
and compared with prehistoric 
Anasaz i  adobe sites in northern 
New Mexico of Pindi and Pot Creek 
pueblos and with the large 
prehistoric  site of Pacquime, 
Casas Grandes , Chihuahua,  northern 
Mexico . 

KEYWORDS 

Prehisto r i c ;  United States ; Jor
nada Mogollon ; Puddled;  New 
Mexico ; Earthen Architecture . 
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Figure 1 .  Site Locations 
1 .  Chaco Canyon 
2 .  Mesa Verde 
3 .  Keystone Dam 
4. Los Tu1es 
5 . Brad fie ld Site and 

Condron Field Pueblo 
6. Alamogordo Sites 1 and 2 
7 .  McGregor Site 
8 .  Pindi Pueblo 
9.  Pot Creek Pueblo 

10.  Paquime 
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PREHISTORIC MOGOLLON AND ANASAZI EARTHEN ARCHITECTURE 
OF THE SOUTHWESTERN UNITED STATES 

David Teal Kirkpatr ick 
Human Systems Research 
3201  Linden Avenue 
Las Cruces ,  NM 88005  
U . S . A . 

Introduction 

Shelter can be simple or complex--a brush hut , a shallow cave , an adobe pueblo ,  
or a steel apartment building . As prehistor ic peoples across the wor ld moved 
into new , unsettled areas , a pr imary concern was to provide shelter for their  
famil ies .  They built  short term occupation structures using hides , tree  l imbs 
and branches , dirt  and mud, and other locally obtained mater ials . With 
increased sedentism, these peoples used other mater ials to build more permanent 
structures , including large trees , rocks ,  and native soi l .  

The people o f  the southwestern United States between 5500 B . C .  and 300  
B . C .  were highly mobile , moving across the  landscape , hunting small mammal s ,  and 
gather ing native plant foods . About 3 , 000  years ago these peoples began 
planting cor n ,  and later , beans and squash , eventually becoming full-time ,  
sedentary agr iculturalists by A . D .  5 0 0 .  They developed their  own distinctive 
cultures , recogni zed today by the distinctive remains of their  architecture and 
pottery.  The Anasazi of the northern Southwest uplands are character ized by 
gray ware pottery and well-built masonry pueblos , such as those at Chaco 
Canyon , New Mexico , and at Mesa Verde, Colorado ( see fig .  1 ) .  The Mogollon of 
the southern Southwest occupied regions of well-watered uplands and desert 
lowlands . Their  culture is characterized by brown ware pottery and masonry 
architecture in the uplands and puddled adobe structures in the desert 
lowlands . 

The Hohokam of southcentral �rizona lived along major r ivers and in  
adjacent arid regions . Their  culture is  characterized by  brown ware pottery, 
extensive i r r igation canal network s ,  monumental architecture ,  and surface 
earthen structure s .  �ll of these sur face architecture traditions evolved from 
pit structures or pithouse s .  

The topic of t h i s  paper is the mud or earthen architecture of the desert 
Mogollon peoples , with compar isons to earthen arch itecture of the Anasazi of 
northern New Mexico , of the Hohokam of southern Ar izona , and at Casas Grandes , 
Mexico . 

Archaic Architecture ( 6000  �.�. -�.�. �) 

The Archaic hunters and gatherers--who lived in southern New Mexico , 
southwestern Texas , southeastern Ar izona , and northern Mexico--are the 
ancestors of the later peoples that archaeologists called the Jornada 
Mogollon . The earliest evidence of Archaic arch itecture in the southern 
lowland desert was found dur ing archaeological excavations at Keystone Dam in 
northwest El Paso,  Texas ( 1 ) .  Remains of 23  to 41  houses were ident ified 
dur i ng excavation and soi l core sampling . Radiocarbon dates are between 4450 
and 3750  BP ( years before present ) .  The structural remains are shallow 
depressions averaging approximately 3 m in diameter and 10 cm deep at the 
center . The unplastered floors are loose to sl ightly compacted native sand . 
The data on the roof structure is very minimal . possible post holes are present 
around the exter ior edges of three house depressions . The tapered holes range 
from 5 to 14 cm in diameter and from 7 to 14 cm deep . No post holes were found 
in the interiors of the house depressions . The superstructure may have been 
l imbs leaning together , which were then covered with smaller branches ,  rushes , 
and grass . Fire-hardened clay fragments have been recovered from the remains . 
A clay mud was probably placed over the grass to form a weatherproof roof , as 
impressions of grass and reeds were found in the roof remains.  Hearths are the 
only interior feature found in these structures,  informal shallow depressions 
filled with charcoa l .  Entryway locat ions are inferred by eros ional patterns on 
the east and southeast sides of the structures . 

The inferred construct ion sequence ( 2 )  starts with excavat ion of a 
shallow, saucer-shaped depression . Leaners (poles placed at an angle from the 
per imeter of the depression to the center of the depression above the floor at 
an unknown heigh t )  were placed around the exterior edge of the depression , 
possibly in holes or sockets , to help support the roo f .  Small branches on the 
leaners were covered with reeds and gras s .  The superstructure was then covered 
with a thin clay layer . The houses were probably not occupied on a permanent 
basis but may have used for relatively long per iods of time , such as over a 
winter . 

Early Jornada Mogollon Architecture,  Mesilla  Phase (�.�. �-120 0 )  

2000  B . P .  ( 5 0  B . C . ) ,  
wild foods to sedentary 

increased sedentism came 

The Archaic peoples added corn to thei r  diet around 
starting thei r  shift  from nomadic collectors of 
producers of domesticated agr icultural foods . With 
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Figure 2 .  Bradfield Site ( after 
Lehmer 1948 : fig.  14) 
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Figure 3 .  Alamogordo Site 1 ,  House 
1 ( after Lehmer 1948 : fig.  16)  
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Figure 4 .  Alamogordo Site 1 ,  House 
2 (after Lehmer 1948 . fig.  23)  
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the need for more permanent shelter .  This culture is known today as the 
Mesilla phase of the Jornada Mogollon ( 3 ) . The type site is  Los Tules , on the 
west bank of the Rio Grande , just west of La Mesilla , New Mexico . These people 
l ived in pithouses that were slightly deeper than the Archaic-age , 
saucer-shaped depressions , with vertical walls . Two types of pithouses were 
originally descr ibed by Lehmer ( 4 ) . The f irst is rectangular with ramp 
entrances to the east and southeast .  The second is circular with a roof 
entrance . Mes illa phase sites in  the El Paso area are similar in shape and 
size but have plastered walls and floors ( 5 ) . The roof construct ion is poorly 
known . Post holes are found around the edge of the pit and in the center of 
the floor . Unl ike the Archaic pit structures , no dr ied mud roofing mater ial  
has been found in the  excavation of the Mesilla phase pithouses . In the Hueco 
Bolson east of El Paso,  the structures are similar , with shallow hearth 
features located just ins ide the structure , past the rampway ( 6 ) . 

Late Mogollon Achitecture,  El � Phase (�.E: 1200-140 0 )  

The E l  Paso phase represents a n  established , sedentary lifeway based on 
full-scale agr icultural pract ices . The basic arch itectural shift , as in other 
parts of the Southwest , is  from a pitstructure to a surface room unit ( 7 ,  8 ) .  
The El Paso phase Mogollon ( A . D .  1200 to 140 0 )  sites are recognized by their 
earthen architecture and brown ware pottery. These peoples used puddled earth 
construct ion techniques to build thei r  homes . Puddled earth is  wet soil that 
contains sufficient calcium carbonate so that the soil dr ies to a hard mass 
capable of supporting the weight of the additional upper walls . The walls were 
built in courses . Wet earth was usually placed in  a foundation trench and 
shaped by hand into a l inear course that extended slightly above ground.  When 
this earth dr ied, another layer of  wet earth was placed on top, shaped into 
place by hand, and allowed to dry. The process was repeated to achieve the 
desired wall height . In  cross-section , each layer of the wall can be identi fied 
by a drying crack at the bottom and top of the course . 

No evidence of roof structures remains in the Jornada Mogollon area . The 
two large post holes often found inside the north and south walls indicate 
large supports for north-south beams ; these may have held smaller east-west 
posts , which rested on the walls . These were probably covered with branches 
and grass and dirt for insulation . The roofs may have been covered with mUd .  

The ruins of smaller pueblos have one o r  more linear room blocks with 3 to 
20  rooms for a family or an extended family unit . Larger pueblo ruins are 
U-shaped, with enclosed plazas and 5 0  or more rooms . The very large ruins of 
extensive, melted adobe mounds may represent the remains of multistory room 
block s .  These larger communities probably housed several extended family 
units.  In  the following section, I present descr iptions of El Paso phase 
arch itecture found at selected excavated archaeological sites . All of these 
s ites are located in  the Tularosa Basin east of Las Cruces and north of El 
Paso, Texas .  

Bradfield Site 

The Bradfield Site was excavated by Lehmer ( 9 )  in 1940  after port ions of the 
16-room pueblo were dug into by pothunters .  The east-west l inear room block 
measures 25  m ( north-south ) by 95 m ( east-west ) ( see fig . 2 ) . A study of wall 
abutments determ ined the growth of  the pueblo . The walls were started in 
foundat ion trenches 20  to 2 5  cm below floor leve l .  No stones were used in the 
foundation trenches or in the walls . Walls  were built first and then the roof ,  
followed by  the  plaster ing of the  floors . The walls average 2 5  cm  in width , 
with a range between 10 to 60 cm. The wet-laid courses were 20 to 35 cm high . 
The excavated wall remains were no h igher than 7 5  cm, indicating a severe 
amount of erosion occurred after the abandonment of  the pueblo over 600 years 
ago . Ver tical and horizontal drying cracks marked individual courses . Mud 
floors ranged from 5 to 15 cm thick , based on the number of replaster ing 
events . The f irst floor was laid over native soi l .  Room features include 
hearths and post holes ; however ,  it is thought that roof beams were laid from 
wall to wal l ,  with the posts in the rooms used as secondary supports . Roof 
beams were probably covered with smaller beams and brush , then with a layer of 
dirt . Entry was probably through the roof ,  although some evidence for doorways 
in walls was present . 

Alamogordo Site 1 ,  Houses 1 and 2 

The excavations were conducted at Alamogordo Site 1 by Wesley Bradfield in 1929  
and by Stanley stubbs in 1930 ( 10 ) .  House 1 is  an east-west room block 
measur ing 10  m ( north-south ) by 45 m ( east-west )  ( see fig . 3 ) . The 15  rooms 
are laid out two rooms deep.  The walls were set in foundat ion trenches 20-25 
cm below the surface . Bradfield did not record wall measurements in his  notes , 
although he noted the presence of coursed lumps of dr ied mud that were part of  
the  wall .  Fire pits were located near the  center of the  rooms . Severe erosion 
of the walls removed evidence of possible doorways . Roof construction is 
thought to be s imilar to that at the Bradfield Site.  

House 2 ,  located approximately 230 m from House 1 ,  is  a room block built 
around the three s ides of a plaza that opens to the west ( see fig . 4 ) .  The 
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room block measures 85  m ( north-south)  by 80 m ( east-west ) .  Fifty-si xe room 
were excavated, with an estimated total of  75 to 100 rooms.  Rooms averaged 3 . 5  
by 4 m,  ranging from 2 . 5  by 3 m to 8 by 9 m .  Wall  foundation trenches were 
25-30 cm below floor sur faces with stone slabs lining some trenches . The walls 
were made of  i rregular courses of mud ,  25-30 cm thick and of  unknown height . 
Floor features are pr imar ily Shallow hearth pits and roof support post holes . 
Roofs were constructed of horizontal poles measur ing 2 . 5  to 10 cm in diameter 
and spaced 30 cm apart ,  often laid from the walls to a central beam. The poles 
were covered with reeds , grass, cornstalks,  and brush and were topped with 
dirt . 

�lamogordo Site 2 ,  House 1 

This site,  located southeast of �lamogordo ( 1 1 ) ,  consists of a rectangular room 
block enclosing a plaza ( see fig .  5 ) . The exterior walls measure 60 by 60 m .  
Twenty-two of t h e  estimated 6 0  rooms have been excavated . The rooms average 
3 . 5  by 4 . 5  m ,  ranging from 3 by 3 . 5  m to 7 by 8 m .  The dr ied earthen walls , 
which average 45 cm thick , often had large stones ( up to 25-30 cm in diameter ) 
incorporated into the . Wall  foundation trenches had stone slab floor s .  Roof 
construction was s imilar to that at �lamogordo Site 1 .  Dur ing excavations,  
Bradfield and  Stubbs noted the presence of  earl ier , eroded wall  foundations and 
wall remains.  

Condron Field Pueblo 

The remains of Condron Field Pueblo are located under the airport for White 
Sands Missile Range,  just south of  the Post Headquarters .  The site,  excavated 
in 1960  ( 12 )  and 1970  ( 13 ) , consisted of two linear room blocks with a total of 
seven rooms ( see fig . 6 ) .  The wal l  thickness averaged 20  cm . No evidence of  a 
foundation trench was found.  The rooms ranged in size from 3 . 3  by  3 . 5  m to 7 . 5  
by 10 m.  Hearths were present in  all  rooms near the center of  the south wal l .  
Post holes were random. The floors were finished with hard-packed clay over 
ster ile soil and were often replastered . No evidence of doorways was found . 
Some of the smaller post holes in the floors may be sockets for ladders 
associated with roof entrys . 

The McGregor Site 

The McGregor Site is  located on Ft . Bliss northeast of El Paso.  Excavations 
conducted in  1964  ( 14 )  revealed a sma l l ,  three-room site ( see fig . 7 ) .  � 
foundation trench was present 30 cm below floor leve l .  The wall stubs showed 
vert ical and hor izontal crack ing .  Wall  thickness averaged 20 cm . Cal iche 
( poreous calcium carbonate ) was used to plaster the walls , which were then 
painted ; they were replastered and painted as necessary .  Puddled earth/mud 
steps were present along the interior of the south wall in two rooms . The 
floors were built by covering native soil with puddled earth/mud , followed by a 
caliche-based plaster . Repair patches were evident . Two major post holes for 
roof support posts were placed just off center on the west and east walls . 
These probably supported a central beam, which supported smaller l imbs . No 
evidence of roof mater ials was found.  Hearths were located about 1 m off  the 
south wall and equidi stant from the west and east walls . The room block , which 
probably housed a small  family,  was constructed as a s ingle unit with the 
southern wall (or iented east-west ) laid first and the remaining walls abutting 
against i t .  

Anasazi Earthen Architecture 

The prehistor ic Anasazi occupied the Four Corners area of the southwestern 
United States ( the shared state corners of New Mexico, Colorado , �rizona , and 
Utah ) , extending eastward to the Rio Grande region of central New Mexico . 
Anasazi arch itecture is typically masonry with mud morta r ,  the best known 
examples are the pueblo ruins at Mesa Verde and Chaco Canyon. In some areas of 
northern New Mexico, earth was used if suitable rock was not available . 
Puddled-mud pueblos have been recorded in the Chama Valley ( 15 ) , the Taos area 
( 16 ) , and the Santa Fe area ( 17 ) .  

Pindi Pueblo 

Pindi Pueblo,  located south of Santa Fe on the banks of the Santa Fe Rive r ,  is 
one of these prehistor ic  puddled mud ruins . Pindi Pueblo was excavated in 
1932-193 3 .  The pueblo was occupied in  the � . D .  l200s .  The construction 
started by digging foundation trenches a few centimeters to 60 cm deep and 
slightly wider than the average wall thickness of 22 cm . Only 10 of the 200  
rooms had  stones in  the  trenches . �dobe mud was gathered from mixing pits 
located outside the pueblo,  as well as some that were inside rooms. Late r ,  
these interior pits were f i l led in ,  and floors were built . The mud courses 
showed impressions of hands and fingers along the walls and on the tops of 
courses . Impressions of  grass and brush are also preserved . No evidence of 
forms, such as parallel l ines in the dr ied mud of  the wal l s ,  were found dur ing 
the excavations or dur ing the analysis of construction techniques . Horizontal 
and vert ical cracks were common , suggesting short segments of adobe were laid, 
but it appears that each course was as long as the wal l .  The individual 
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courses averaged 4 9 - 5 9  cm h igh , although some were only a few centimeters and 

others were near l y  a meter thick . 

Room-block constr uct ion was i r regula r ;  rooms were apparent ly added as 
necessa r y .  A long wall was often built and numerous walls abutted it to create 
several smaller rooms , which were then enclosed with one long or several short 
wal l s . The h ighest e xcavated walls were 2 . 2  m tall ; these lacked roof beam 
sockets , indicat ing the walls were probably taller than 2 . 4  m. The pueblo may 
have been two or three stor ies h i g h ,  based on the numbers of collapsed floors 
found i n  the s t r a t i f i e d  deposits in several o f  the room s .  One section of the 
pueblo may have been four stories high . The rectangular rooms averaged 2 by 
2 . 7  m, with prepared floors 3 cm thick over nat ive soil and , rarely, over flat 
r iver rock s .  Hearths were shallow, plastered basins i n  the center of the room 
or against a wal l .  Evidence of roof construction methods is lack ing . Stubbs 
and Stall ings ( 1 9 )  suggest the roof construction was similar to that at Picuris 
Pueblo, near Taos , New Mexico . A center post supported a pr imary center beam 
across which secondary beams or v igas were l a i d  and were covered with smaller 
materials and s o i l  ( see fig . 8 ) . 

Pot Creek Pueblo 

The ruins of t h i s  large pueblo lie on the banks ( see f i g .  9 )  of Pot Creek about 
2 2 . 5  m i les south of Taos ( 20 ) .  E xcavations began in 1 9 5 7  and continue to the 
present . The s i t e  was f i rst occupied ca . A . D .  1 0 0 0  by the Anasaz i ,  who bui lt 
shal low square pithouse with walls made o f  coursed mud and floors of puddled 
mud. Later sur face earthen rooms date into the A . D .  1 3 0 0 s . About A . D .  1 2 0 0 , 
construction of mul t i r oom and multistory coursed mud room blocks began . The 
descr ibed arch itectural detai l s  are from rooms bui lt between A . D .  1 2 5 0  and A . D .  
1 3 5 0 , which a r e  very similar t o  those at Pindi Pueblo.  

Foundation t renches were dug at varying depths but not deeper than about 
3 0  cm. These were the same width as or s lightly wider than the coursed mud 
wal l s .  No r e inforcing stones w e r e  found in t h e  trenches . The courses were 2 7  
to 40 c m  thick , 45 to 5 5  c m  h igh , a n d  o f  unspeci f ied length , presumably the 
length of the room . Finger- and handprints were common , and no evidence of 
molds was foun d .  Some walls cons isted of two individual courses that 
supposedly supported the weight of upper-story rooms . 

Rema ins of center support posts were found in the ma jority of the 
ground-floor rooms . The posts were placed in holes dug into nat ive soi l .  In 
trash-f i l led room s ,  t h e  post h o l e  w a s  d u g  to t h e  old f loor , and a stone was 
often placed at the bottom pr ior to sett ing the post .  The beam supported a 
main rafter , which supported secondary vigas ( see fig . 1 0 ) .  Rema ins o f  second
and thi rd-story floors prov i ded evidence of upper-leve l ,  central post support 
systems ( see fig . 8 ) .  At Pot Creek and Picur i s  Pueblo ( 2 1 )  c i rcular f loor 
basins were placed around the center support pos t ,  a t r a i t  unique to the Taos 
region . Hearths were placed between the post and the wall . 

Room floo r s  were bui lt over nat ive soi l or in leveled t rash deposits of 
prev ious occupation s .  Puddled mud was poured over the soil or a foundation 
layer of sandstone slabs and cobbles . Ent ryways ( open and sealed ) were found 
in ground-floor rooms , the door bases being the tops of the f i r s t  course o f  
puddled mud . Doors were 3 0  to 6 0  c m  w i de ,  b u t  t h e i r  height is unknown , as n o  
l intels o r  complete ent ryways were foun d .  Entry to most rooms was probably 
through roof hatchways . 

Adobe Architecture of Paqu ime, � Grandes , Mexico 

The preh istor ic pueblo of Paquime , Casas Grandes , Mexico, is about 3 2 0  km 
southwest of El Paso, Texas . Di Peso ( 2 2 )  has provided an e xcellent , definit ive 
study o f  Paquime and its people s .  The earthen architecture of paquime differs 
from that of the Mogollon and the Rio Grande Anasaz i ,  because forms were used 
to conta in the puddled mud for each course added to the wal l .  The use of forms 
indicates a greater labor comm i tment--procur ing mater ials to create forms, 
us i ng and ma i ntaini ng the form s ,  and replac i ng the wornout forms- - i n  addition 
to the auxi lIa r y  mater ials , such as ropes , hamme r s ,  cutt ing and shaping too l s ,  
a n d  associated labor costs f o r  these . 

Wal l  construct ion started with the e xcavat ion of foundat ion t renches , 
ranging 15-47 cm deep ( average 18 cm) . Trenches were as wide as the wall . The 
t rench floor had c lean g ravel and a red clay laid for the wall base . The 
puddled mud walls of Paquime were formed by pour ing mud i nto plank forms 
supported by stakes and braces ( see fig . 1 1 ) .  After each course of mud d r i e d ,  
t h e  f o r m  w a s  removed and ad justed for t h e  n e x t  pour .  T h e  u s e  of t h e  dropped 
key technique plus roughened contact jOints strengthened the wal l s . Evidence 
o f  forms include adobe walls with cast impression s ,  evi dence of s l i pped forms , 
and preplanned ,  squared space ( rather than curvil inear space ) for v igas ( roof 
beams ) .  Also, postholes for bracing stakes remain parallel to the walls . The 
use of forms a llowed walls to be thicker , averaging 52 to 74 cm for s ingle 
story rooms and 7 7  to 9 2  cm for add itiona l ,  load-bear ing wa l l s .  Roof 
construction techniques were s imilar to Mogollon and Anasazi technique s .  
Pr imary beams supported secondary beams , which were covered w i t h  brush and 
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grass and were sealed with a poured puddled mud floor . In general ,  the 
architectural features of paquime was more complex than those of the Mogollon 
and Anasazi pueblos . 

Discussion 

Prehistoric earthen a rchitecture has a long tradition in  arid  areas of the 
Mogollon and a short tradition in  the temperate areas of  the Anasa z i .  In  the 
Mogollon region , puddled mud structures were typically small , single story , and 
spatially dispersed across the landscape . This reflects low population 
density. The larger , multistory pueblos are situated in better-watered areas 
with access to upland t imber resource s .  Studies of  wall  and roof construction 
techniques are h indered by the poor preservation caused by severe wind and 
water erosion . Studies of earthen construction mater ial  is needed to help 
understand differential preservation between Mogollon and Anasazi ruins . In 
the upland Anasazi areas,  some of the ruins are better preserved ,  with taller 
walls remalnlng . All that remains of Mogollon structures after 600 years is  
short wall stubs and floors ,  which have been protected by accumulated soi l .  In 
areas of severe erosion,  only foundat ion rocks or cimientos rema i n .  An 
occasional mound may indicate an unexcavated , multistory structure.  In  both 
areas , adobe walls were built by hand without the use of forms. The walls 
average 20-30 cm thick , with ground-floor wall thickness limiting the 
construct ion of upper-story rooms . The use of forms at Paquime allowed puddled 
mud walls to be built up to 1 m thick for load-bear ing walls . This resulted in 
construction of an extensive , yet compact pueblo . In all  three regions ,  adobe 
architecture was successfully used by prehistor ic peoples to construct shelters 
in  areas lacking sui table timber and masonry const ruct ion mater ials . 

The main  goal of the ma jor ity of excavation projects is to study 
preh istoric lifeways , not to excavate and develop a ruin into a public park 
that would require conservation management . The conservation of these earthen 
ruins is  very l imited , with the exception of Paquime , where a ma jor effort is 
ongoing to preserve and protect the ruin for visitor s .  Dur ing excavation,  
rapid deter ioration of the Mogollon earthen structures probably accounts for 
very poorly preserved walls and floors .  The excavation of these ruins or 
portions of the ruin is  usually done in a few weeks so that the wall stubs and 
floors are exposed a short time . Large tarps are used to protect the features 
dur ing rain storms . After excavation , the ruins are covered with dirt . The 
excavtion of Anasazi sites are conducted in a similar manner , with the wall  and 
floor remains protected by tarps dur ing storms . Overhead shelters are not used 
dur i ng the excavations of Mogollon and Anasazi sites,  pr imar ily because the 
short-term exposure of the ruins . 
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The vernacular mud mor tar , brick 

and timber mu l t i - story houses in 
Kashmi r ,  India a r e  i n  teres t i ng 
n o t  o n l y  b e c a u s e  of t h e i r  
archi tecture, but also because o f  
t h e i r  s e i sm i c a l l y  r e s i s t i v e 
con s truc ti.on . The masonry piers 

and wa l l s  are held together a t  
each f l oo r  l evel a n d  above the 
windows wi th l ayers of h e a vy 
t imber l a i d d i r ec t l y  in t h e  
wal l s .  

There a r e  two v a r i a  tj.on s , o n e  
known l o c a l l y  a s  Tag w i t  h 
hori zontal timbers onl y ,  and the 
second w i t h  ver tical as well a s  
ho ri z o n t a l  t imber s ,  known a s  
Dilajji - Dwari . Al though o f  weak 
con s tr u c t i o n .  these b u i l d i n g s  
have res i s ted earthquakes because 
of their f l exib i l i ty .  

Ka shmi r h a s  b een r e I  a t i  v e l y  
insul ated f rom the West and from 
the defusion of modern construc 
tion technology and ways of l i f e ,  
a n d  t h u s  h a s  p r e s erved t h i s  
b u i l d i n g  t r adi tion u n t i l  v e r y 
recently . Now , wi th the money 
b r o u g h t b y  t o u r i s m ,  n e w 
reinforced concrete hou ses a r e  
r ap i d l y  r e p l a c i n g t h e  s e 
traditional mud houses . 

KEYWORDS 

E a r t hquake r e s i s tant c o n s t r u c 
tion , Mud - b r i c k  c o n s t r u c t i on , 
Mud mo r tar , Hi s toric P r e s e r v a 
tion , Dilajj i - Dwari , Taq. 
K a s hm i r ,  
Greec e .  

I nd i a ,  Y u g o s l a v i a ,  

Above: A narrow la.ne in Srinagar 
wh ich i s  a l s o  one of the c i ty ' s  
principal thoroughfares . Now many of 
these l a n es are being widened by 
demol ishing the buildings along one 
side . 

Upper right : The Rainawa ri Can a l ,  
Srinagar. Canal boa ts used t o  b e  the 
main means of transporta tion through 
the c i t y .  Now one short s tretch o f  
this canal i s  remi n i s cen t of the 
magical scene �ich used to exi s t  where 
an ancient canal once penetrated the 
denses t sect ion o f  Srinagar un t i l  
filled in during the 1970 's (see p5. )  

All photos C Randolph Langenbach , 1990 . 
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THE EARTHQUAKE RESISTANT MUD AND BRICK ARCHITECTURE OF KASHMIR 
Randolph Langenbach 
A s s i s tant Professor 
Department of Architecture 
University of Cali fornia , Berkeley 
Berkeley, Cali forn i a ,  94720 

During recent mon ths the news has been increasingly f i l l ed wi th reports o f  the 
con f l i c t s  in Kashmi r .  The images of men in trad i t ional dress s tanding in' fron t 
of the timber and b r i c k  hous es , sur rounded by tanks and j eep s ,  recall the 
pictures o f  Afghani s tan . Here it i s ,  yet another religious and ethnic con f l i c t  
which m i g h t  t u r n  i n t o  a c i v i l  war . The problem i s  that such con f l ic t s  cannot 
be easily resolved once they are s tar ted . and regardless o f  the outcome, in 
their wake o f ten l i e s  the ruination o f  the tradi tional cul ture , way o f  l i f e ,  
and the fabric of the h i s toric b u i l t  environmen t .  

Both the t radi tional arch i t ec ture and the ways o f  l i f e  are very f ragile in 
Kashmi r .  I t  i s  a land o f  breathtaking beauty but few resources , a land where 
the economy depends for b a s i c  survival on sub s i s tence farmi n g ,  tradi tional 
handicraf ts . and tourism .  A protrac ted con f l i c t  w i l l  wipe out tourism and thus 
the marke t for most hand i c ra f t s . Th i s  w i l l  b r i ng renewed hardship to the 
popula t ion , and has the poten tial of des troying many bui ldings in what is one 
of the most interes ting , if not magical , settlements l e f t  on the planet . 

In thi s paper I take a closer look at the bui ldings which make up this c i ty -
not the mosques , temp l e s ,  palaces or other monumen t s  - but the ordinary houses 
con s truc ted of mud , s t raw , timber , brick , sod , and (more recen t l y )  ga lvanized 

s t eel . These b u i ldings provide an opportun i ty to study the l inkage between 
tradi tional construction technology, vernacular des ign , and a trad i t ional way 
of l i f e .  These particular buildings also are signi f i cant because they have an 
inherent resi s tance to earthquakes . 

Sr inagar , a - Medieval - C i ty 

Entering Srinagar , in Kashmi r ,  i s  l ike going back in time . Th e hou ses appear 
to be ancient and timel e s s ,  with much evidence of wear and tear . V .  S .  Naipaul 
made the observation in 1964 : 

It was a medieval town , and i t  might have been medieval Europe . It was a 
town of smell s :  of bodi e s  and p i c turesque cos tumes . . .  ; a t o wn . . .  o f  

d i s regarded b e au ty . . .  a town o f  narrow l anes and dark shops and choked 

courtyards [1 ] 
Sri nagar i s  a densely packed c i ty f u l l  of hous es . In the olde s t  portions the 

res idences are mixed tog ether w i t h  shop s and even smal l  m a n u f a c t u r i n g  

indu s t r ie s ,  such a s  carpet weaving and metalworking . The view o f  t h i s  dense 
development and teeming activity is l ike a scene out of the pages o f  Dickens or 

f rom the canvas o f  Bruega l . The hou ses themselves are wh at form the es sential 
backdrop for thi s rema rkable scene . They appear ri ckety and i nsubs tan t i a l , 
almost as i f  they were delibera tely b u i l t  only as a s tage set for the human 
pageant which takes place around them. 

A s i ngle house is u su a l ly occupied by a j oint· f amily, wi th the grandparents 
l iving together w i th the f am i l i e s  o f  eac h  o f  their son s .  The hou ses w e r e  
clus tered into s m a l l  pi stri c t s , known as mohal las.  Un t i l  t h e  present s tri f e ,  
t h e  fami l i e s  o f  each mohalla formed a tightly knit neighborhood o f  b o t h  Muslim 
and Hindu fam i l i es who , rega'rd l e s s  of the ir r e l igious d i f f erenc e s ,  were very 

c lose . [2] Of ten a temp l e ,  mosques ,  a madrassa (a mu slim religious school ) , a 
school , and a few shop s ,  form part of the mohal l a .  



Th e Ja l l i shu t ters showing, on the 
left, the remains of the paper a t tached 
for win ter protection . 

Th e en trl!nce l obby of tI typictll 
tradi tional house showing the timber 
and mud interior · finishes . Th is fron t 
lobby, loca ted a t  the center of the 
house, is considered to be the safest 
place t o  go to during an earthquak e .  
(Running o u  t o f  t h e  house i s  more 

dangerous .  ) 
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The entrance to the typical house would be through a door in a wall separating 
a small paved private cou r t  f rom the s tree t .  The w. e .  is usually detached 
from the hou s e ,  and set in the corner o f  the front cou r t ,  while the ba throom 
usually consists of a small room next to the hot water tap behind the ki tchen 
s tove . 

The hou s e s  are mostly square in p l a n ,  with windows on all sides . In the 
densest areas , the houses are attached to their neighbors wi th common wal l s ,  
b u t  rarely did they l ine u p  i n  even row s .  The windows are tradi tionally 
closed only with two sets of shutters , the inside set being of solid wood , and 
the outside w i th a jalli . an open f i l igree of carved wood . Glass has only 
recently come into general use in Kashmir . Traditionally oiled newspaper was 
glued onto the j a l l i  shutters to admi t light into the houses during the 
winter . 

The living room and the ki tchen were always loca ted on the ground f loor ,  wi th 
the bedrooms located on the second and third floor s .  The top level o f  the 
house was usually enclosed only with timber . It was usually one single large 
room with many windows . The family tradi tionally moved to this room during 
the summe r  in order to take advantage of the cool breeze and a l s o .  in moi s t  
area s ,  t o  move away f rom the mosqui tos . This room was also used at times for 
gatherings and social events . In winter i t  was used mostly for storage . 

Before the recent introduction of corrugated galvanized s teel shee ting , the 
roof s o f  the houses were mos t f r equently covered wi th mud laid on a n  
underlayment o f  bark . In the spring the soil roof became covered with grasses 
and wildf lowers . In the spring , the blos soming o f  the tulips and lilies on 
the roo f s  of the dense mass of houses in Srinagar was famous until most of the 
mud roof s  had disappeared in favor of the corrugated steel . 

The Aseismic A t t r ibu tes of Trad i t ional Con s t ruction in Kashmir 

Ear thquakes i n  Kashmir have occur red w i th regularity over the centur i es , and 
the Kashmiri h o u s e s  r e f l e c t  an adap t a tion to t h i s  threat t h rough t h e  
interl acing o f  heavy timber wi t h i n  t h e  p l ane o f  t h e  exterior walls of t h e  

masonry b u i lding s . [ 3 ]  I n  Kashmi r .  a s  i n  mo s t  coun tries , wood and nail s are 
simply too precious to be u sed for more than what is absolutely necessary , so 
masonry is the primary building material Most of the traditional buildings in 
Srinagar can be divided into two basic systems of construction . The f i r s t  

system , sometimes referred t o  as " Taq. [ 4 ] " con sis ts o f  load · bearing ma sonry 
piers and infill wal l s .  with wood " runner s "  at each floor l evel used to tie the 

wal l s  together wi th the floors . The second system, known as Dhajj i ' Dewari [ 5 ]  
cons truction . consists o f  a braced timber frame with masonry in fill . 

The houses were almost always raised on a p l in th made up of s tone masonry 
la ced with heavy timbers measuring at least one meter in heigh t .  Above this 
stone the exterior walls were constructed of a mixture of brick and rub b l e  
s tone set into a thick bed o f  mud mortar ( Taq) , o r  wi th a single layer o f  
modern s i z e  brick su rrounded b y  heavy timber ( Dhajji · Dewari ) . The Tag houses 
were usually faced with a layer of small ,  very hard . hand made clinker brick s ,  
known a s  Mah araj i b r i ck s ,  w h i c h  g i v e  the h ou s e s  t h e i r  d i s t i n c tive 

appearance . [6 ] 

The mud , brick and timber cons truc t ion was usually l e f t  uncovered by any 
plaster on the exterior . The interior was plastered with a mixture of clay, 
straw, and other ingredients . Thi s layer of mud plas ter provided inSUla tion 
in summer and winter . The internal plaste r  was renewed by the applica tion of 
a coat o f  a thin mixture o f  clay and wa ter over the exi s ting surface about 
every two weeks , a p rocess ref erred to in Kashmiri as Ii vun . When this 
dryed , the undulating mud wal l s  were l e f t  with an unb l emi shed b e ige c l ay 
surface . 

The Taq Sys tem .  The timber beams in the Taq buildings do not con s t i tu te 
comp lete frames . Ins tead , l a rge timbers " runners" rest along the load bearing 
masonry wa l l s ,  w i th the f l oor beams and the " runner s "  for the cross walls 
lapping over them. The wood serves to tie the wal l s  of the structure together 
wi th the f l oors . The weigh t of the masonry serves to " p res tress " the wa l l , 

contributing to i t s  resi s tance to lateral forces . [ 7 ]  

The construc tion practices used for these build ings i n  Kashmir which stand in 
contras t to the codes and commonly accepted practi ces today, include ( 1 )  the 
use of mortar o f  negligible s trength , ( 2 )  the l ack of any bonding between the 
i n t i l l  wal l s  and the piers , ( 3 )  the weakness o f  the bond between the wythes of 
the masonry in the wal l s ,  and ( 4 ) the f requent (hi s torical) use o f  heavy sod 
roo f s .  It i s  j u s t  such buildings that were observed almo s t  a century earlier 
by Arthur Neve, a British visi tor to Kashmir who witnessed the 1BB5 Kashmir 
earthquake : 

. 

To a European t ravel e r ,  the ci ty of S r i n agar look s tumbledown and 
d i l ap i d a t e d  to a degree ; very many of the houses are out of the 
perpendicular , and other s ,  semi - ruinous . But the general construction in 
the ci ty o f  Srinagar is sui table for an ear thquake country; wood i s  
freely used, and wel l j oin ted ; c lay is employed instead o f  mor tar , and 
gives a somewhat elastic bonding to the brick s ,  which are o f ten arranged 
in thick square pillar s , with thinner f i l l ing i n .  If well b u i l t  in this 
s tyle the whole hous e , ' even i f  three o r  four s t o r i e s  high , sways 
together , whereas more heavy rigid buildings would sp l i t  and f a l l  . . .  Part 
o f  the Palace and some other massive old buildings collapsed . . .  [but] it 

was remarkabl e  how few houses fell . . . .  [ 8 )  
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Above: A masonry pier resting on a 
timber can tilever bracket on a ca . 1 8th 
cen tury house. The beams extend across 
the width of the h o u s e ,  tying i t  
together, wh i l e  the weigh t o f  the 
masonry holds the wood in place in an 
earthquake. 

Upper right : A ca . 1 8th cen tury Taq 
sys tem house showing the hori zon t a l  
runner beams a n d  t h e  masonry pi ers 
between the windows . No tice tha t  in 
this unusual case the piers do not even 
line up. 
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Prior to this earthquake,  another B ritish traveler to the Kashmir , Frederick 
Drew noted that these hou s e s  were loca l l y  recogn i z ed for their a s ei smic 

attributes , " the�e mi�ed modes of construction are said to be better as against 
earthquakes (wh�ch �n th�s coun try occur with sever i ty) than more solid 
masonry, which would crack . " [9 ] More recently , two Indian engineers ,  N. Gosain 
and A. S .  Arya ascribed the damage from a 19 67 earthquake to the dif feren t 
types of traditional and modern construction in Kashmi r :  

The timber runners . . .  t i e  the short wall t o  the long wall and also bind 
the pier and the in fill to some exten t .  Perhaps the grea test advantage 
gained from such runners is that they imp art duc tili ty to an otherwise 
very brittle s truc ture . An increase in ductility augments the energy 
absorbing capacity of the s tructure ,  thereby increa sing its  chances o f  
survival during t h e  c o u r s e  o f  a n  ear thquake shock . T h i s  was 
subs tantiated by the observation that " dhajj i - dwari s" [ sic] in which a 
larger volume of timber was used were comparatively safer . [ 10 ] 

Gosain and Ayra note that during the 1967 Kashmir earthquake buildings of three 
to five stories survived relatively undamaged . According to Arya,  one of the 
most important reasons for this was the damping of the motion of the building 
caused by the fri ction induced in the masonry of the Taq wall s  when it begins 
to crack and move along the mortar j oints . In ternal damping "may be in the 
order of 20% , compared to 4% in uncracked modern masonry (brick with Portland 
cemen t  mortar) and 6% - 7 %  af ter the masonry has cracked . " His explanation for 
this is that " there are many more planes of cracking in the Dhajj i ·  Dewari 
compared to the modern masonry . "  I t  i s  this dis tribution o f  the forces 
throughout a l arge area of the wal l ,  preventing destructive c racking in one 



Many of the houses in Srinagar rema in 
radically askew from weak soil and past 
earthquakes . 

An examp l e  o f  Dha j j i 
construction . 

Dewari 

History and Traditions 95 

area , that l eads to a much greater l evel of energy di s s ipa tion than would 
otherwise be possibl e .  As a resu l t ,  even though the mortar i s  extremely wea k ,  
causing t h e  w a l l  to yield under a much smaller load , the masonry continues t o  
have a good chance o f  holding together . T h e  timber runner beams a n d  floo r  
d i aphragms keep t h e  individual piers from separating ,  whi ch would c a u s e  the 
hou s e  to break apart . In Kashmi r ,  r i g id i ty c a r r i e s  the p o t e n t i a l  f o r  
destruc tion . T h e  more rigid a building i s ,  t h e  s tronger i t  m u s t  be in order t o  
avoid fractur e .  Because t h e  primitive materials and means of construction used 
in Kashmir did not provide s trength , flexib i l i ty was essential . 

A simil a r  form of construction can be found in Afghanistan but not in Nepal . 
The cul tural context in which i t  developed e x tends to inc lude Yugo s l avi a ,  

Turkey, Iran and Iraq , a l l  once part o f  the Ottoman Emp i r e .  [ 1 1) Houses f ound 
in parts of Greece af fec ted by earthquakes a l so have horizontal wood member s ,  
but in the buildings seen by this author , the wal l s  are f ar more massive .  The 
use o f  horizon tal wood ties is also common in sei smic areas o f  Turkey, with 
l e s s  use in nonseismic area s ,  thus supporting the claim that they were used 

del ibera tely for earthquake re s i s tanc e .  [ 1 2 )  The bond beams in Turkey a r e  
cred i  ted w i  t h  " incorporating duc t i l i ty t o  t h e  adobe wal l s ,  sub s ta n t i a l l y  

increasing their earthquake resis tant quali ties . "  [1 3 ) 

The Dhaj j i - Dewari . The hal f ·  timber , brick- nogged type,  known as the Dhajj i 
D e wa r i , exi s t s  s ide - by - s ide wi th the Ta q in Kashmi r .  H a l f t imbered 
construction continues to provide an e f f icient and economical use o f  material s .  
The use of wood , whi l e  kept to a minimum , none theless enables the thin masonry 
wal l s  to res i s t  ou t - of - pl a ne collap s e ,  whi l e  also res training the i n - p l ane 
movement of the masonry . 

Dhajj i - Dewari comes f rom Persian and l i terally means " p a tch qui l t  wal l . " This 
method of construction appears to have emerged into common usage alongside of 
the Ttlq system during the late n i n e teenth cen tury when b ri c k s  o f  a more 
standard large size became availab l e .  Thi s  larger s i z e  brick ( 6 5mm X 11 5mm X 
2 30mm) [ 14 ) set into the timber frame enabled the construction of one - wythe 
thick brick wal l .  Dhajj i - Dewari buildings cons tructed with unfired mud bricks 
also were common , especially in the villages . 

Variations of the brick- nogged type were common his torically in many areas not 
a f f ec ted by ear thquakes , such as medieval England and Europ e ,  where b ri c k s  
provided an alternative i n f i l l  to w a t t l e  and daub . It even extended into North 
Ame r i c a ,  where the German Fach work tradi ti on gave root to a number of 
vernacular buildings with masonry i n f i l l  in the Uni ted S t a te s .  Since much of 
thi s con s truct ion was far f rom earthquake country, it is not p o s s i b l e  to 
ascribe i t s  conti nued use in Kashmir solely to the incidence of ear thquakes . 
It is clear, however , tha t the almo s t  universal use of e i ther timber restraint 
sys tem i s  a logical response to both the inc idence o f  earthquakes and the 
i n s tab i l i  ty of the soi l s . Variations on this system have proved especi ally 
suitable in seismically ac tive regions such as Yugoslavi a ,  Greece , and Turkey, 
and it i s  p robably f rom thi s  region that the Kpshmiri system developed . 

In a su rvey of the damage caused by the 19 6 3  Skopj e ,  Yugoslavi a ,  Earthquake, a 
London engineer,  N .  N .  Ambrasey s ,  reports that the " old adobe con s truc tion , 
parti cularly those w i th timber bracing, resis ted the shock wi th some damag e ,  
b u t  behaved f ar b e t ter t h a n  the [modern) b r i c k  or t h e  hyb rid [ rein forced 
concrete w i t h  b ri c k  in f i l l ) con s truct ion . "  Many of the modern reinforced 
conc rete bui lding s ,  which ranged from 3 to 6 s tories in height , were seriously 

damaged or destroyed , whi l e  the less substantial adobe buildings survived . [ 1 5 ) 

In Kashmir there are many examples of houses where both the Taq and the Dhajj i 
Dewari are used side by side in the same s truc tur e .  The Dhajj i - Dewari i s  
frequently found used for the party walls between building s ,  whereas the Taq i s  
used f o r  t h e  f ront wall s .  In princip l e ,  the Dhajji Dwari i s  l ighter i n  weigh t ,  
al lowing f o r  i t s  u s e  on w a l l s  which a r e  cantilevered over t h e  s t reet . The 
b r i c k - nogged type of cons truction a l so is found i n  Greece , where it i s  
sometimes used for the upper part o f  the houses - where masonry would b e  l e s s  
stable because o f  t h e  l a c k  o f  t h e  precomp ressive force provided b y  t h e  weight 
o f  the b u i l d i n g  above . I n  Kashmi r ,  the top f l oo r s  o f  the houses were 
f requen tly made only of timber , probably for the same reason . 

Thi s  construction type has shown enough resi s tance to earthquakes when compared 
to p l a i n  masonry s tructures , whether of f i red bri ck or adobe block , tha t i n  
some of these areas where ear then o r  brick buildings continue t o  be bui l t  i t  i s  

encouraged b y  t h e  local building codes . [ 1 6 ) A .  S .  Arya reports tha t i t  has 

formed the basis for the current Indian Standard Building Code #4 32 6 .  17 

Presen t - day C on s t ruc tion 

Over the course o f  the last twenty year s ,  cons truc tion practices have changed 
drama t i c a l l y  i n  the Kashmir Vall ey .  Now, most o f  the new building s  are o f  
reinforced conc rete . Brick i s  s t i l l  used ,  but only for infill wall s  be tween 
reinf orced concrete floor slabs . Considering the wor l d - wide trend towards 
concrete or s teel construc tion , this is not surpri sing . In Kashm i r ,  however , 
i t  does represent a major shi f t  in the nature and the cost of construction . In 
addi tion , much of the buil ding which i s  done in reinfor ced concrete i s  neither 
well engi neered nor carefully construc ted . Concrete i n  Kashmi r ,  �s in most of 
the Third Wor l d ,  i s  not treated as a sop h i s t ica ted material requiring careful 
qua l i ty control . It i s  mixed by hand , dumped by the b a s k e t - fu l l ,  and 
re tempered i f  necessary . In addi tion , much of the con s t ru c t ion is not 
engineered for ear thquake forces . Ins tead , it must rely on the i n f i l l  masonry 
for most of i t s  l a teral strength . The timber runner beams and Dhajji - Dewari 
frames have been abandoned as unwanted vestiges of the p r e - modern way of l i f e .  



A Dha j j i  D e w a r i  h o u s e  b e i n g  
recon s truc ted using t h e  tradi tional 
materials , including mud mortar. All 

of the e x t e r i o r  wa l l s  w e  r e 
recon s t ru c t ed wh i l e  t h e  f a m i l y  
continued to live in the house. 

1 ... · •.•• • ___ •• lIIIi .. 

Th e clash be tween old and new in the 

his toric part of Srinagar . BUildings, 

like the one on the righ t ,  threa ten the 
coherence, scale and character of the 
his toric cen ter of Srinagar .  

Th e n e w  road con s tru c t ed during the 
1970 ' s  wh ich replaced the picturesque 
1 4 th

' 
cen tury Mar Canal which u s ed to 

penetrate the heart of Srinagar .  The 
sewerage line wh ich was s upposed to 
replace th e canal was del e t ed in a 
budget cu t ,  so now the sewerage which 
used to flow ou t of the city through 
the canal now backs up into Dal Lake. 
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This author did come across one proj ect involving the recons truction of a house 
i n  Srinagar where the Dhajj i - Dewari sys t em wa s s t i l l  being used . In this 
particular construc tion proj ect it was observed tha t  the mortar in which the 
brick i n f i l l  wa s laid was made from mud mixed with s traw . A man wa s mixing 
thi s mor t ar wi th his bare f ee t . Next to this p i l e  was another made up of 
cement and sand . In response to the inquiry as to why both mater i a l s  were 
being used for mortar on the same proj ec t ,  the mason pointed out tha t the mud 
wa s used for the b r i ck i n f i l l ,  whi l e  the cement mortar was being used for a 
brick wall behind the s tructure which did not have the timber surrounds . 

While the mason could not fully exp l ain in English why i t  was done this way, i t  
was clear that he unders tood that the u s e  of cemen t for the infill bricks would 
be a mistake . It is possible that the higher cost of the cement contributed to 
the dec i s ion , but wood is even more expens iv e .  Mud was being used because 
cement would not have w i th s tood the movemen t o f  the timber f r ame wi thou t 
cracking . Like many traditional systems , the Dhajj i -Dwari system is an almost 
organic balance i n  the economical use of locally available natural materials . 
Once one part of it is changed, the whole system necessarily must change . 

In thi s particular case not only was the i n ternal core of an exi s ting house 
conserved while all o f  the exterior wa l l s  were being recon s t ruc ted , but the 
family conti nued to live in the house as the work wa s being done . Such was 
p robably the rule rather than the exception in Kashmi r ,  un t i l  the recent 
in troduction of Western - s tyle building technology . When asked the age of the 
Kashmiri houses . earthquake engineer Anand Arya responded by telling the story 
of a barber who p a s s ed his ra zor on to his son , saying tha t it was p recious 
because " i t  had been in the family for three generations . "  This barber went on 
to say, "My f a ther replaced the blade, and I replaced the handle . "  H i s  point 
was that these changes made i n  the course o f  i t s  use did not erase the time 
honored sign i f icance of the artifac t ,  and " the Kashmiri houses are the same as 
tha t razor . "  They are ancien t ,  regardl ess of whether the physical fabric had 
been replaced in time , s imp ly because they rep r esent the embodiment o f  a 
tradition . The t imeless quality of the buildings in Srinagar is undoubtedlY a 
product of the fact tha t  they have been rebu i l t  in f ragmen t s  whenever needs 
changed or deteriorat ion required it over many gener a t ions . This probably 
expl�ins why the travel diaries from the nineteenth century describe a typ ical 
Srinagar scene to be one o f  rickety falling down house s ,  which look every b i t  
the same as their late twentieth Century counterpart s .  

The -Moder n i z a tion - o f  S ri n ag a r : The Destruction o f  the Old C i ty 

On every leve l ,  f rom the scale of the individual dwelling to the scale of urban 
and regional p l anning , Kashmi r ' s reach for moderni ty threa tens to be a 
disaste r .  The tragedy is all the greate r ,  because this fragile place is also 
one o f  the most unique and beau t i ful p l aces in the world . For one hundred 
years , i t  has been the beauty and character of Sri nagar ' s  natural and human 
environment that has been the region ' s  primary " export . "  I t  is this same 
beau ty tha t i s  threa tened w i th d e s t r u c t i o n  in the current e f f o r t s  to 
"modern i z e "  i t .  

The least recogni z ed but most important i s sue i s  the tremendous aesthetic and 
cultu ral loss tha t  inevitably would accompany the rebuilding of Srinagar and 
other c i t i e s  t h a t  have similar p r e - modern vernacul ar bui I d i ng s .  Total 
replacemen t o f  these s t ru c tures wi th buildings of a new rein forced concrete 
technology des troys that con tinuity . The work is taken out of the hands of the 
peop l e  who had tradi tionally done it and p u t  i n to the hands of spec i a l i s t s  
trained i n  a n e w  way . A n  a l i e n  f o r m  t h u s  m a k e s  i t s  appearance on the 
l andscap e .  What i s  needed i s  a comb i na t i o n  o f  tradi t i o n a l  vernac u l a r  
con s truct ion techniques w i t h  a modest and comp a t i b l e  i n troduc tion o f  some 
modern materials and technology . 

The p robl ems in Kashmir are not en ti rely the f a u l t  of the shi f t  towards 
rei n f orced concrete con s t r u c t ion . The desire to have a conc rete house i s  
emb l ematic o f  t h e  d e s i re to be modern , espec i a lly when modern i z a t ion i s  
actually confu sed with Westerniza tion . I f  i t  were only people wishing t o  renew 
their houses in a new material , the change would be gradual , and the cu l ture 
and way of life would remain intac t .  Howeve r ,  Srinagar i tself i s  being rapidly 
eroded by a town planning scheme designed to moderni z e  the c i ty by widening the 
narrow s treet s  in order to carry auto and truck tra f fi c .  I n  the eigh t years 
be tween th i s  author ' s  f i r s t  vi s i t  in 1 9 8 1  and his most recen t v i s i t  i n  1 9 8 9 ,  
many o f  the narrow lanes had been widened i n to maj or traf f i c  ways . The 
buildings along one side had been demoli shed and replaced wi th a continuous 
s tream of buses , trucks , and motor rickshaws , with horns blas ting . Rarely were 
sidewalks con s t ruc ted , as people have always walked in the s treet . Now they 
must compete with the motor tra f f i c ,  and residents frequently get run over 

The Chief Town Planner , M . L .  Chaku explained that before they had b u i l t  the 
roads " the center was dead . "  I t  was clear that h i s  conception of c i ty " li fe "  

w a s  incompatible w i t h  t h e  traditional life of t h e  walking p a c e ,  t h e  m u l e  car t s ,  
the smal l shops facing d i rec tly on to t h e  lanes , a n d  t h e  res iden c e s  m i xed 
together wi th the shop s . The main new s treet has the shops l i n ed up like 
bunke r s ,  and f ew o f  these new shops appear to support the kind o f  activities 
and industries as the older ones . 

The local d e s i r e  for moderni z a tion p r e s en t s  a real soc i a l  d i l emma . To 
recommend a main tenance o f  the old houses and narrow s t ree t s  because they are 
p i c t uresque i s  unsupportable . Reasons for p reservation mus t  be founded in a 
broadened understanding of how the buildings can continue to support the health 
and qua l i ty of l i f e  of the people i n  the future . Ironically the technology of 
these hou s e s ,  al though traditional i n  execution , is s ti l l  " modern" i n  concep t .  



Above: A house in ruins shows the 
timbers imbedded at each floor level in 
the Taq Sys tem masonry wal l .  

Above righ t : A Taq sys t em h o u s e  

undermined b y  t h e  river shows the 

remarkable flexibi l i ty and s trength of 
th is timber/masonry sys tem (and the 
fearlessness of the workers . )  

Embroidery craftsmen in the l i ving room 
of a Taq Sys tem house. The traditional 
Kashmiri house h a s  no chairs and few 
tables . The Kashmiris are accus tomed 
to s i tting on the floor. 
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Modernity should not only con s t ructed on a Western model , and in thi s case 
bl ind pursu i t  of the Western model portends disas ter . I t  i s  a disas ter not 
only because of the maj or cul tural loss that the destruc tion of the hi storic 
environment would c au s e ,  but also becaus e ,  except for the mos t wealthy ,  the 
comfort and quality o f  l i fe o f  the people will mo s t  likely be diminished by the 
changes . 

For examp le , by abandoning the sof t res train ts of the timber beam s ,  whi l e  
f a i l i ng t o  provide the s t rong res train t s  o f  good engineering a n d  qu a l i  ty 
control in the cons truction , the new concrete houses are potentially far more 
dangerous in ear thquakes than the tradi tional timber and masonry one s . Wi th 
reinforced concrete , a greater degree of l i f e  safety can be promi s ed ,  bu t ,  a s  
seen in Armen i a ,  n o t  neces s a r i l y  d e l ivered . Perhap s by forge t t i ng the 
unwri t ten knowledge o f  p a s t  gene r a t i on s ,  in p r e f erence for the seeming 
certainty of an imported indu s trialized al ternative, a greater risk may resul t .  

Another shor tcoming exi s t s  i n  the ove rall thermal comfort provided by the 
concrete hous es . These houses usually have many large windows , but central 
heating i s  prac tically nonexis tant in Kashmi r ,  and most Kashmiris would not be 
able to af ford the fuel i t  would require anyway . An additional disadvantage i s  
that t h e  concrete has a much greater thermal condu ctivity than does the mud ,  
timber , and b r i ck making the new houses impos s ible to heat w i  t h  primi t i  ve 
s tove s . Some of the bet ter tradi tional homes even had a room , cal l ed a 
" hamam " ,  con struc ted with i t s  floor slab s  above a wood f i re box which al lowed 
the hot gas ses to heat the f loor . When in terviewed in 1 9 8 9 , many people 
commented that in winter the newer houses were much colder even than those mud 
houses which lacked the hamam . 

Even the sanitary ar rangements of the new houses in the old c i ty fail to f i t  
t h e  local cond i ti on s .  The n e w  hou ses usually have b a throoms w i t h  flush 
toi l e t s ,  but the government has yet to install a modern sewerage sy stem in 
S rinaga r ,  spending i t s  money on new roads ins tead . As a resu l t ,  the flush 
toilets only serve to transport i t s  contents to a di tch in the midd l e  o f  the 
public footpath ! In the pas t ,  the " night soi l "  had been gathered by workers on 
a daily basis and taken to the f ield s ,  but as of 1 9 8 9 , there were no provi sions 
for the removal o f  ei ther l iquid

' 
or solid waste , other than allowing it to 

migrate slowly to the river in the open gutters . 

In other word s ,  moderni z a tion has come to Kashmir f rom the wrong end f ir s t . 
The home appliances and visible trappings of a consumer society are beginning 
to be accumula ted , b e fore the infras tructure i s  in p l ac e .  The resul ts are 
devasta ting , and these changes have substantially eroded the ecological balance 
which tradi tionally ex i s ted in the val ley. In addi tion , the removal o f  the 
peop le f rom some o f  the older ne ighborhoods has up set the human ecology as 
wel l ,  because Muslims and the Hindus have moved to separate areas in the new 
colonies which tends to aggravate the sense of d i f f erence and di s tance between 
the two commun i t ie s .  As one member o f  the Leg i s l ative Counc i l ,  S adiq Ali . 
observed , in the older neighborhoods the two groups had tradi tionally lived 
close together in harmony . 

What is ironic is that a l l  of this p l anning e f fort begins with the desire to 
improve the qua l i ty of l i f e  of the people and to rep a i r  the envi ronmen tal 
damage that has a lready occurred . The problem i s  that in an area like Kashmi r ,  
Fi r s t  World industrial i z ed solutions j u s t  will not wor k . Wi th foreign aid,  
facil i ties such as water treatment plants can be constructed , but they will not 
work un l e s s  the local commun i ty has the money and technoloqi cal know- how to 



A Kashmiri family in fran t of their 
Dhaj j i  Dewari home. 

Fayaz Bha t ,  when interviewed in 1 989. 
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operate them . [ 18 ] Solutions must be in sympathy with the exi s ting society and 
economy of the region . Kashmir could have a lot to teach the world about l i f e  
in balance w i th nature, but f i r s t  i t  m u s t  redi scover t h e  value o f  i ts o w n  
tradi tions . T h e  p l ace t o  begin i s  t o  redi scover the advantages o f  t h e  timber 
and mud hou ses not in order to return to the p a s t  but to b r i ng t h i s  
technology into the f u ture a s  an e s s en t i a l  s tep in the e f fo r t  to return 
intrinsic wealth to the people in the form of a f fordab i l i ty ,  comfor t ,  family 
closeness , and social compatibi lity.  

The possib i l i ty that this approach might b e  viab l e  was made poignantly c lear 
when the head o f  one family living in a tradi tional mud and b ri ck house , Fayaz 

Bha t ,  reported in an interview that for years he believed that he would have 
" to build a new [modern concrete] house" l i ke that of his neighbors , to replace 
his house originally constructed by his grandfathe r .  He said that when h e  was 
traveling in central India ,  he met an English coupl e  and was struck by how they 
were always in terested in the old things . He said that it wa s only then that 
he rea l i z ed tha t ,  when h e  re turned to Kashmi r ,  he " did not have to tear down 
his grandfather ' s  house . "  As T .  S .  E l io t  said in Little Gidding : " We shall not 
cease from explorat ion , and the end of all our exploration will be to arrive 
where we s tar ted and know the place for the first time . " 

These old s tructures possess something which no archi tec t can put into a new 
design - the v i s ib l e  mani f e s ta tion of time. Most of alL these s t ruc tures 
already belong to the peop l e .  They a r e  their hous e s ,  their businesses , their 
parents and ances tor ' s  houses . They carry the unspoken history of generation s .  
They are not j u s t  good design ; they are an inextricable part o f  a way o f  l i fe 
which defines the character of Kashmir .  Their destruction will do no less than 
destroy this relationship , and thus diminish the cultural heri tage which can be 
a source of Kashmi r ' s  prid e .  It is a loss which no amount of money or material 
goods can recoup , and it is not the tourists who will suffer most when the loss 
takes place . It will be the Kashmiris themselves . 

IV. S .  Naipaul ,  An Area of Darkness ,  London , 1964 , p123 . 
2With the recent f undamental i s t ·  inspired conflicts , most of the Kashmiri Hindus have been 
forced to leave Kashmir . 
3Seismicity of 8 - 9  on the Modified Mercalli scale (Arya ,  interview) 
4This system, sometimes incorrectly identi f ied as -Dhaj j i - Dewari , - actually has no spec i f ic 
name in Kashmiri to identify the construc tion method . The closes t name iden t if ied by local 
experts to describe it is - Taq . - -Taq- refers to the modular layout o f  the piers and window 
bays , i e :  a 5 taq house is 5 bays wide . The piers are almost a lways 1 1 /2 -2 feet square , and 
the bays are approximately 3 1 / 2  feet in width . This traditional system with the piers and 
horizontal wooden runner beams was in co mmon usage before the Dhaj j i - Dewari came into use.  The 
bricks common l y  used were sma l l  s i z e , rough surfaced, and hard f ired . They are known as 
· Mahara j i  Bricks . - The reason for the name is unknown . Bricks of this type can be found in 
the Mogul Period buildings as early as the 16th Century , but the houses which survive date f rom 
the 18th and 19th centuries . 
5Dhajji -Dewari comes f rom Persion and l i terally means -patchquilt wall . "  This method o f  
construction appears t o  have emerged into cornmon usage a longside of the Taq system during the 
late nineteenth century when bricks of a more s t andard large s i z e  became available . This 
larger size brick ( 2 1 /2 ·x41/2 "x9 " )  set into the timber frame enabled the construction of one
wyth - thick brick wal l .  Dh4jji ·De�4ri buildings construc ted with sun-dried mud bricks were also 
common , especially in the villages . The brick- nogged type of construction is co mmon throughout 
many parts of Europe f rom the middle aqes , inc ludinq some of the half t imber cons truc t ion in 
England and the Fachwerk in Germany. Examples originat ing f rom these traditions can be found 
also in the United States . Since most of these areas were far from earthquake country, it i s  
not poss ible t o  ascribe its continued use i n  Kashmir fully t o  the incidence of earthquakes . It 
is , however ,  clear that the almost universal use of either timber restraint system is a looical 
response to both the incidence o f  earthquakes , and the exis tence of soil", sub j ec t to 
differen tial settlemen t .  
6 A s  f o l k  lore h a s  i t , the hard · f ired brick technoloqy was imported t o  t h e  val ley b y  the 
Maharaj a .  The date for this i s  uncertain . 
7Gosain , N .  and A . S .  Arya , 1 9 67 . "A Report on Anantnag Earthquake of February 2 0 ,  1 9 67 . " ,  
Bulletin of the Indian Society of Earthquake Technology. Vol 4 ,  # 3 ,  September , 1967 . 
8Arthur Neve , Thirty Years in Kashmir. London , 1 9 1 3 , p38 
9Frederick Drew, The Jummoo and Kashmir Territories , Edward S tanford , London , 187 5 ,  p184 . 

l0Gosain & Arya , "Anantnag , "  p. 2 9  ( italics added) . In this case the authors are referring to 
the Taq sYBtem. ( The English spelling of Dhajji ·Dewari " varies . )  
l 1A . S .  Arya ,  interview, Augus t ,  1988 . 
1 2 . Gurpinar , et a I ,  - S i t ing and Structural Aspects of Adobe Buildings in Seismic Areas , ·  
International Workshop on Earthen Building s ,  Univ . of New Mexico , 198 1 ,  p 1 4 5 .  
1 3Alkut Aytun , - Earthen Buildings in Seismic Areas o f  Turkey , "  International Workshop on 
Earthen Buildinas , Univ . of New Mexico, 1 98 1 .  p 3 52 .  
1421/Z"X 41/2"x 9" 
1 5Ambraseys , N . N . , 1 9 6 5 .  An Earthquake Enqineering Vie wpoint of the Skopje Ear thquake , July 
26 , 1963 . 
1 6For example see : Panayot i s  Caryd i s , " The Extent o f  the Problem o f  Earthen Buildings in 
Greece , ·  International Workshop on Earthen Buildings ,  Univ. of New Mexico, 1 98 1 ,  p 120 . ( The 
buildings constructed -have withstood the various earthquakes quite well . - )  Also Arya reports 
that India encourages the use of this system. 
17Arya , interview, August , 1 9 8 8 .  (Arya participated in the preparation of this code . )  Note 
that the comparison here is with other forma of masonry construction which are still co mmonly 
used in Ind ia . Neither this nor the Dhaj j i · Owari are a s  res i s t ive to s e i smic forces as 
properly constructed steel and reinforced concrete buildinqs . 
l8For example , when the new touri s t  and convention hote l ,  the Centaur Hotel , des igned by an 
Ame rican and an Indian architec t ,  was approved , it was promised to have a sophi s tica ted 
sewerage treatment plant . It is reported that this plant has broken , and has not operated for 
years . The hotel is right on the edge of Dal Lake , into which its sewerage now f lows . 



ABSTRACT 

In the southern part s of Moroooo 
earth, used in the form of' "pise" 
andsun-dried briok � has been for 
many oenturies the main building 
mat erial and has produoed under 
the guidanoe of traditi onal mas
t er-masons innumerable settle
ment s and impres sive fortr e s se s  (kasbas ) • 
Due to hist orio o iroumstanoe s  
and sooio-eoonomio ohange s ,  thi s 
arohiteotural heritage has under
gone a marked deterioration dur 
ing the last deoades.  

In an ef1 0rt t o  save at l east a 
part of thi s patrimony, the 
Moroooan government has set up , 
with help from UNDP and Une s o o ,  
a "Center f o r  the R e st oration 
and reuse, of the Southern Kas
bas" (CERKAS) whioh is based in 
a rest ored seotion of the �i sto
ri 0 tCasba of Taourirt (Ouarza
zate) . 

The first proj eot t o  be implee 
ment ed by CE RKAS will b e  the 
r ehabil itation of tCsar Ait Ben 
Haddou, a Berber fortified 
village of great arohiteotural 
value and int erest to t ourist s 
whioh has already been insoribed 
on the "Li st of �orld Heritage" . 
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The main just ifioation for presenting a paper on the above subj eot stems 
from the affinity existing between South Moroooan earth buildings and the 
ado be oonstruotions found in thi s Southwest region of the U. S. - the 
so-oalled "pueblo area" where the present Conferenoe is t aking plaoe. My 
strong feeling i s  that aotive links and fruitful exohanges of informat ion 
and experienoe may b e  e stab l i shed between all those who , on both sides of 
the Atl ant io Ooean, are int erest e d  in the o onservation and perpetuati on 
of earthen arohiteotur e ,  for it s hi storioal and oultural value as well as 
for i t s  t eohnioal ,  e oonomioal , sooial and eool ogi o al potent iali t i e s .  

!��_��������_£�_��!�_�£�£��£_�_!lE��_��_������!����!���_:_!����_£��g�� 
In Ara b i o ,  tha word "gasaea" , usually transliterated as "kasba� means 
"fortre s s "  and generally like in many part s of North Afrioa and through
out North Moroo o o) app l i e s  t o  purely milit ary works ,  either guarding 
stratagio rout e s  and rebellious areas or protect ing c it i e s  again st p ot en
t ial invader s .  In South Mor o c c o ,  however, the t erm "kasba" has taken a 
broader meaning, being used t o  designate the half-defensive and half
residential mansions built by the feudal ohieftains, the " l or d s  of the 
Atlas" and their l i eutenant s who se p ower was exeroised over vast terri
t or i e s  in the Atlasio and sub-Atlasic regions. The term even came t o  be 
app l i e d  t o  a variety of singJe family, patriarohal dwellings bel onging to 
l ocal landlords and embodying some element s of military architecture, in 
part ioular t o  the very typioal oastellat ed hou s e ,  with i t s  four t o\'ler s 
at the oorners and oentral pat i o ,  l ocally called the tighremt , a Berber 
name meaning " small citadel" .  To the same family belong the agadirs ,  i . e ., 
the collect ive granari e s  where the village dwell er s u s ed t o  keep their 
provisions (of grain, barley, onions, etc. ) and where they could seek a 
refuge behind high wall s  in case of an attack by enemi e s .  Finally,  a whole 
village built upon a rocky eminence ,  with it s houses t ightl y  packed to 
form a rampart dominat ing a plain or valle y ,  may al so be called "kasba" by 
way of simplifioat i on, while the real word t o  b e  u sed to de signate a 
fort ified village shoul d be "ksar" (plur. ksour) . 
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(1)  Terra sse H . , Kasbas ber
ber e s  de l ' Atlas et des oasis 
Paris 1938 ; p . 70 et aeq. 

(2) J ac que s-Meunie D . , Architeo. 
tures at habitat s du Dade s ,  
Par i s ,  1962 ; p .  102 .  

(3)  Mazel, oJ . ,  Eni�mes du �, Paris 1971 j p . 132-133 . 

�1B�!!_E. A �erber maohrabiya (�asba of Toundoute ,  st the 
foot of High Atlas range j 
photogr .  Ministry of Culturel 
.I:laa.mri, 1975 )  
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The kasbs,s built with rammed earth or p i se (Arab i c : tnb, U.bya) are 
mainly t o  b e  found in what the ]'rench hist orian Henri Terras s e.  
�he first t o  devote a wel l -document ed and b e autifuliy illustrat e d  mor.ograph 
t o  this architecture) has called the " ext erior Morocco".  This 

area l o ok s  beyond the .At las range ea stw/i,rd and s outhward towards the 
Sahara, and westward to the .Atlantic ( in contrast with the "int erior 
Morocco" , north of the .Atl a s ,  which i s  c l o se d  in by the .At l ant ic and 
Medit erranean coast s) ( se e  fi g. 1 ) • str et ching along the val ley s of' the 
river s which spring from the Atlas : the Zi z ,  Gheris, Dr�a, TodghEt, Dede s, 
the kasbas climb up to vel'y high altitudes and even reach plateaus 
where rain and snow are abundant and stone - st ill used in many part s
would appear to te a more appropriate material . lo r om historical eviden c e ,  it 
thu s appears that the art of buil ding with earth had b e en f i r st practiced 
by oases dwellers and ha d spread northward little by l itt l e ,  notably 
under the influence of the several dynast i e s  orieinat ing from the Sahara. 

The very origin , of the sQ>uthern kasbas neverthe l e s s  remains a fascinat ing 
and largely unelucidate d  problem. Henri Terrasse himself, in tb e above-
mentioned monograph (:bJ , does not exclude the p o s sibility of • 

an Egypt ian fil iat ion (slanting wal l s ,  pyramidal tower s) ar..d insi s t s  on 

the Roman influence ( impluvium house as prototype of the tighr emt , k sar 
with it s regular plane derived from the castrum and submitted t o  the 
law of the cardo ) .  Mr s.  Dj • .J ac que s-Meunie , who is an authority on South 
Moroccan hist ory, put s forward an hypothe sis according to which k R sbas 
and k sour of' Moroccan oase s mieht be l at e  de scendant s of a very o l d  art 
from Persia and Me sop o t amia (� ) . J e an Mazel favours the theory of 

an imp ortat ion from Y emen and Hadramawt via the J ew s  and Hymiarites sev E!'8l 
centur i e s  b efore the advent of I slam in the region (2) . 
Only syst emat ic re search based on c omparative data drawn f'rom archaeology, 
ethnography , l ingui sti c s  ( t erms and songs used b y  crlll'tsmen, oral tradi
t i ons) and hist ory will be able to she d  light on the respective contri
butions brought from the various sour c e s .  It might b e  ene of the t a sk s  
of the newly-creat e d  " Center f o r  t h e  Re storation and Relse of Southern 
Msbas" ( CE RKAS j  see b e l ow) to pr omot e and organi ze exchange of information 
b etween sp eciali st s of archit ecture s in vari ou s part s of the I slamic worl d 
in order t o  solve thi s probl em. 

Functional role of the kasbas 

Apart from their defensive role age inst p ot ential aggr e s so r s  -a role which 
has l o st it s signification since the Prench "pacifi ed" the region some 
sixty years ago and the more so sin c e  Morocco regained it s indep endance 
in 1956- the ka sbas and k sour of South Mcroc c o  are de signed to prot ect 
their occupant s against several climat ic constraint s ,  namely : 
- The extreme va,riations in t emr erature, both daily and seasonal , against 
which the thick mud wal ls offer a very efl icient insulation . !'he 
pre senc e of a pat i o ,  the p o s it ioning of small op enings in the external 
wal l s  and the very he ight of the hou s e s  create an effect of draught with 
natural c ondit i oning act ion. 
- The sand storms which are buffered:  against the wal l s  and angled alleys 
of the ksar or against the blind fa�ades of the houses. 
- The blazing light of the sun which i s  subdued by the shade of the p at i o s  
and narrow alleys and b y  t h e  u s e  O f  w o o d  latt ices ( machrabiya j fig. 2) • 

.eleing situat ed in areas of e ssentially agraril'..Il e c onomy , inhab it ed by 
p opUlations of various ethnic and tribal origin s ,  who however are all 
of Musl i m  religion, southern architectures have to re spond t o  a number 
of c o l l ect ive and individual needs . They are meant , int er a.lia : 
- T o  grour people acc ording to their ethni c ,  tribal or profe ss ional affniti£s 
(peasant s ,  craftsmen, tradesmen , religious teacher s and stUdent s ) , which 
i s  always translat e d ,  in space , int o very compact structur e s .  
- T o  mark a c l e ar delineation betwe en "public" spac e s ,  in t h e  k sa.r as well 
a s  in the family hOll fl e ,  and private quart e r s. 
- T o  guara..Y!t e e  f'or each f'amil y ,  the privacy of it s �, the prot e c t e d  
domain of t h e  worre n • 

- T o  al low for a reasonable quant ity of food and fodder to be kept within 
the house at all t ime s ,  dat e s  and cereal s being the stfl.ple foods while 
she ep ,  goat s and o c c a s i onal ly a cow may be sh eltered in a p en out side the 
house or on the ground floor surrounding the pat io. 
- F inally, t o  facil itate religious prac t i c e .  Thu s ,  ea.ch village , and 
even the greater kasbas ,  ha s i t s  own mosque where the c om:llunity gathers 
for }'riday prayer . 

nriefly out lined ,  such are some af the main fact ors which have contribut e d  
t o  shap e the various types of buildings and settl ement s c ommonl y groupe d  
under the d enomination " Southern kasbas" , and of which a few representativE 
specimens are shown on the following pictur e s .  



E��r�_2. Building a kasba. 
The master mason and 

his assistant are pounding earth, 
lightly moistened J in wooden 
shuttering (lawh) about 2 ,0 m 
long and 0, 9 m high. Average 
thickne ss of the wall is 50 cm. 
Six such lawhs are mounted in a 
daytime . --(Ksar Tirsal, Dj ebel Rat, High 
Central Atlas ; photogr . by 
author, sept . 197 6) 

��8��_1 . A chieftain ' s  kasba : 
Tifoultoute (near Ouarzazat e) . 
It comprises an old tighremt (on right ) and a more recent 
one (left ) , with a large en
trance courtyard (front ) and 
numerous dependancies. 

( sketch by author, after an air 
photograph Ministry of Housing! 
Papini, mid-1960ies) 

�!B���_2. Kasba Ait Souss, 
Skoura 

The oasis of Skoura, east of 
Ouarzazate,  c ontains a number 
of beautifully decorated kasbas 
the walls and towers of which 
are made alive with crude briok 
reliefs and aroades .  

(Photogr .  Ministry of  Culturel 
Baamri,  1975 ) 
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!!�!.!_�_�_I · Two tighremt s (one-family dwellings) on the Atlas foothills.  
Right : lmin Ouarguifrane (after photograph J .  Verite,  1976) 
Left : Ait Aissa, DOU Taghrar, M' goun (photogr. by author, may 1977) 

Figure 8.  Interior .� a kasba. showing 
the ooastruotion of the patio and galle
ies , supported by mud-brick pillars ; 
palm-trunks and reed-stems support the 
layers o� pounded earth and waterproof 
�oating of lime and ailt ef the terrae •• 

(Igherm .lmallal, N .E. of' Ouarzazate ;  
photogr .  Ministry of Culture/Baamri, 
1975 ) 

�����_�. The village of Ait Ham�ou ou Sa '1d, neRr Agdz, co�prises all the main 
element s of the " Southern kasbas" architecture, i . e . : the village -ksar
it self (left) surrounded by wRll s ;  the towered dwelling -tighremt- of 
a notable (center) ; and the stately fortre ss  -�- dominating oued 
Draa and the palm groves (right) . (Photogr . by author , may 1977) . 



!��!!_!Q . £asba Taourirt , 
Ouarzazat e ,  viewed from South. 
This part i s  now occupied by 
the Center for the R e storation 
end R.... of Southern Kasbas (CERAAS) and it s r e st oration 
has just starte d  (photogr . Mi
nistry of Culture/Baamri, 1975 ) .  
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Problems of conservation 

From the above descriptions and picture s ,  it may be realized that a number 

of danger s threaten the very existence of many of the se buildings and set

tlement s .  

The main cause of decay o f  earth buildings ,  apart from the o ccurrence of 

natural disasters like earthquakes and fl oods, is always t o , b e  ascribed to 

human fact ors, i . e . , t o  neglect in maintainance on the part of the occupant s 

or,  wor se , t o  the partial or c omplet e abandonment of a ksar or kasba. In 
the case of larger kasbas , for instanoe ,  those whioh had ono. belonged t o  
the 'i.ords of the Atlas", historical and poli tioal ciroumstances accompanying the 
return of Morooco to Independance (in 1956) have brought with, them the 
"fall" of these local ohieftains whQ ,  having l o st their wealth and power , 
moved out of their field re sideno e s .  Thus many' an impo sing kasba has 
beoome a prey for looal "oannibali sm" and, b ereft of all it s door s ,  
windows and raft ers ,  has quickly b een dilapidat ed t o  a point of no return. 
El sewhere ,  particularly in rural communiti e s ,  e conomio and social ohanges 
have attraoted at l east a part of the populat ion to the oitie s ,  or have 
prompted the young generat ion to separate from the patriaroh,al family unit , 
creating new housing typ e s  mostly oopied from urban model s and using indus
trialized material s .  The c onsequenoe has b e en either the juxtaposition of 
two heterogenous styles of building or, even wor s e ,  the di sruption of the 
previous architectural unity of a ksar and shocking intrusion of cement 
blocks andaggressive forms, ooatings and materials (corrugat ed or plated 
iron doors replacing the oarved and often delioately p ainted wooden do or s ,  
eto. ) . Moreover, in a cont ext o f  impoverished rural ec onomy, even a land
lord oannot afford to maintain his kasba or t ighremt properly, as he used 
to do it in the past : he must be content t o  periodically renew the coating 
of it s terraoes but will omit the repair of the eaves prot ecting the top 
of the walls,  so that water will penetrate into the pise , weaken it s 
strength and eventually oause entire seotions of the higher floor s and 
t owers to collap s e .  

• 

The oauses of disuse and deoay of loam oonstruotions being manifold, a 
variety of remedie s  have to b e  a��lied. A first attempt to encourage 

the inhabitant s .f the k sour to renovate and mod.rnize their villages 
and �wellings themse�ve, using traditional methods 
was made during the years 1968-1974 by the Mini stri e s  of Int erior and 

Housing, with participat ion from the World Food Programme of FAO (the 
!i'ood and Agrioulture Organisation of the Unit ed Nations) . The latter insti
tution has dLslrHutai supplementary food rations to those villagers who volun
t e ered to work for the recoating of the k sar wal l s ,  the installation of 
drainage and water supply systems, the oonstruction of pit latrines and 
animal stalls out side the village. About fifteen villages , mo stly situated 
in the Drl ' a  valley, benefitted from this programme , whioh proved quit e  
successful and met with great enthusiasm on the part of the populat ion. Though 
logistioal difficulties led to it s discont inuat ion, it nevertheless 

brought many le ssons whioh will no doubt be useful for the broad programme 
presently envisaged for the rehab ilitation of Southern architectural heri� 
tage . 

Between 1972 and 1977 , the Moroooan Ministry of Culture has undertaken, 
with t echnical help from UNDP and Unesco,  to establish a full system of 
invent ory of the national heritage , including monument s and sit e s ,  museum 
property and folk art s and tradit ions. Since the rioh patrimony of southern 
architeotur e s  had hithert o been utterly ignored and negl eot ed by the higher 
levels of authority, a special effort was made to bring it to light and 
draw official attention to the dangers whioh oonfronted it s survival . A 
"pre-survey" was then made of some 300 kasbas and ksour of partioular value . 
The resulting d.oumentation , in the form of identity oards and photo

graphs has formed the basi s of a programme of oonservation and rehabilita-
t ion to be carried out in oooperation with all government al department s .  



�!B�!�_l! .  The ksar Ait Ben 
Haddou T25 krll 1\-1 from Ouarza-
zat e) is threatened with de s
truotion. Ite rehabilitation is 
now being planned under the 
leadership of CEHAAS (Fhotogr . 
Ministry of' Culture/baa:nri, 1975 )  

Apart from the refereno •• appea
ring in the present artiole, a 
guidanoe to bibliography has 
De.n given in my artiole publi
shed in ICOMOS Information N °4 ,  
1986, pp. 2-14 . 

See al.o my paper on "Earth 
Arohiteoture of South-Morooco : 
Problems 01 Conservation" , in ; 
�rooeeQing8 oi the 8th General. 
Assembly of ICOMOS, National 
US ICOMOS Committe, Washington 
D. C .  1987, Vol . II , pp . 961-968 . 
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The Center for the oonservation and re-use of Southern Kasbas (CERKAS) 

present status and perspectives 

After a decade during which no protective action was taken on any of the 
surveyed monument s,  the Ministry of Culture decided to create,  with support 
from UNDP and Unesco,  an organ with the specific task of safeguarding and 
revitalizing the arohitectural patrimony of the South Region, using it as 
a vital component of the general development of this relatively unprivileg
ed part of the national t erritory. 

The Center for the Conservation and He-use of Southern �asbas (CERK4S) 
set up in 1987 now exists and funotions,  although still with a rather 
limited staff (one director, two architect s ,  some draught smen, clerical 
staff and teams of masons and unskilled workers) . It s headqua.rters are loca
ted in Kasba Taourirt , Ouarzazate,  a former seat of power of the Glawa 
q� t ids, a section of whioh has been restored to house the Cent er. This  ope
ration in it self has been a very successful experience and has aroused con
fidence even in those who did not believe that a badly damaged earth buil
ding could be rehabilitat ed at a very reasonable cost (less than half the 
prioe of a new oonstruction) and provide comfortable and aesthetic premises 
for all kinds of use s :  as offices ,  meeting rooms, workshop s as well as 
housing quarters .  Of the spacious area which the Municipality of Ouarzazate 
put at the disposal of the Center (about 3 , 200 m2 on the ground) , more than 
half has to the present been rehab ilitat ed and work is  being pursued to 
restore and r�use the remaining part s ( see fig. 10) . 

The first proj ect to be tackled by  CERKAS -apart from the restoration of 
it s own precinct s- concerns the rehabilitation of Ksar Ait Ben Haddou, an 
ancient village formed by a number of tighremt ascending a hill at the foot 
of which flows a mountain river while its summit is opowned by an antique 
citadel ( see  fig. 11) . Considered as a unique specimen of the southern tra
dition of earth architecture, and as a model of harmony between natural and 
man-made environment , this ksar has been classified as a monument having 
"out standing universal value" and included in the World Heritage List . De
serted by the majority ef it s popUlation who have resettled 
the opposit e bank of the river (where they have found more amenities and 
facility of communication with nearby Ouarzazate) , the ksar is  now on the 
verge of utter ruin and a request is being pre sent ed for it s inclusion in 
the "List of World Heritage in Danger" according to article 11 , 4  of the 
World Heritage Convent ion o:t' 1972 .  

The master-plan currently being established to safeguard the 
k sar is based on the asumption -confirmed by oral evidence obtained from 
the inhabitant s themselves- that most ksourians will come back to live in 
their original home s provided they are given basic facilities and opportu
nities to maintain, and even rai se,  their present standard of life. The 
main component s of the proj ect are:  provision of safe tap-water, electri
city (possibly from solar energy) , drainage and sewage systems, security 
against floods and landslides as well as various equipment s :  post and 
telecommunications, Quranic and primary schools ,  health center, sport and 
recreational installations, local museum and handicraft workshops,  the 
whole process of rehabilitation being conducted in the spirit of authenti
city, according to the principles  of the Charter of Venice and other inter
national standards and recommendations,  due account being taken of' local 
specificities. It is  hoped that this proj ect , which receives full ooopera
tion from all Provincial authorities and services, will be actively suppor
ted by the international community and will serve to demonstrat e  how tradi
tion and modernism may be associated and oontribute together to creating a 
better and more dignified way of living for rural popUlations in arid or 
semi-arid areas of the Third World. 



ABSTRACT 

The a im of thi s paper is to 
present an account of the 
earthen architectural 
traditions of Sri Lanka , 
and the techniques followed 
through several periods of 
time , a s  seen in 
archaeological evidence and 
in the practices of present 
day bui lding construction . 
The author will explain 
five different building 
techniques and other uses 
of mud for bui lding work . 
These bui lding techniques 
vary from the s imple 
methods of construction of 
wal l s , with or without 
timber skeletons , to 
advanced methods of 
construction us ing adobe or 
rubble , and the use of mud 
for f looring . Aspects of 
maintenance of mud houses 
under tropical-monsoonal 
conditions will also be 
dealt with . 
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Introduction 

Earth must have been the only building material known in ancient 
Sri Lanka until knowledge of f ired brick and stone masonry was 
introduced from India around the third century B . C . ; thi s date 
coincides with the beginning of the historic period of the 
country . However , the use of these more durable materials seems 
to have been confined to religious and other public bui ldings a s  
well as  buildings exclusive t o  the royalty ; the houses of 
commoners were constructed of earth. Excavations by 
archaeologists in ancient settlements belonging to the Proto or 
Early Historic periods have yielded only foundations of such 
buildings . 

Earth i s  the most popular building material ,  even today 
among the low-income populations of Sri Lanka . Earth is used for 
the construction of foundations , wal l s  with or without timber 
frames , f loors of bui ldings and as a bonding medium in 
constructions where non-earthen materials are used . Even among 
the more aff luent classes and even the moderate-level income 
groups , who tend to have their dwel ling houses built of permanent 
material ,  earthen constructions still  play an important role . 
Whi le the main house i s  constructed of brick and cement , one or 
two other peripheral buildings , detached from the main house , 
such a s  the open-hearth kitchen , shed for bric-a-brac and a pit 
toi let are constructed of earth . 

Technical Aspects 

Knowledge of such a spects of bui lding construction is acquired 
through experience . In the construction of s imple dwell ing 
houses , the owner does everything himself ,  with the help of 
friends or family members . Sometimes ,  advice is sought from an 
elder in the village . Experience and common sense help to s olve 
s imple technical problems as they emerge . The body of knowledge 
involved in the construction of mud bui ldings is a rather s imple 
one , i llustrated in the following four main point s .  

1 .  S ite selection : A mound o r  high ground , 
pos s ibility of water- logging , i s  considered as the 
earthen buildings . 

free of the 
best site for 

2 .  Preparation of earth : Much care i s  taken in the qual ity of 
earth used for construction purposes . Humus-free soil of a 
sticky quality i s  considered a s  the best materia l .  By adding 
water and trampling under foot , the soil is transformed into a 
mud of a soft consistency . "  Often , earth from anthi lls  i s  mixed in 
order to increase the cohesiveness . The mud i s  then pi led-up 
into a dome shape and covered with banana leaves or s imilar kind 
of leaf or j ute bags to conserve heat loss , and left for a period 
of three to four days . Hydration , hydrolysis and microbial 
action within the mud now generate heat which tempers the mud . 
Thi s  tempered mud has a high degree of adehesion and is suitable 
for a l l  types of building construction work . Any fai lure in any 
of these steps may result in poor bonding quality or subsequent 
cracking or loss of mud from the wall . 

3 .  Obtaining correct �ight-angles at corners : There i s  an oral 
tradi tion of specifications of lengths and breadths of bui ldings . 
These are adhered to very closel y .  Traditional bui lders find it 
sufficient to have corners at approximate right angles . The right 
angle is marked by the s imple expedient of comparing the 
diagona l s .  

4 .  Obtaining the plumb o f  the wal l :  Thi s  
crucial factor . A s imple weighted rope i s  
perpendicularity of the wal l .  

Type s  of Earthen Constructions 

is considered as a 
used to obtain the 

The author has identified six different methods of application of 
mud to bui ldings . 
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Figure 2 .  A part of the 
timber skeleton of a wattle 
and daub house showing a 
column supporting the roof , 
vertica l ' core columns ' and 
horizontal bamboo splinters . 

Figure 3 .  Balls of mud 
placed inside the ' pockets ' 

of the timber frame of a 
wattle and daub wal l ;  new 
work with wet mud is seen 
at the top of the picture . 
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Figure 1 .  Wattle and daub house under construction , showing the 
roof tatched with woven coconut branches and the timber skeleton , 
partly f i l led-in with mud . 

1 .  Wattle and daub houses ( where walls  are constructed us ing a 
timber skeleton ) :  Thi s  i s  the most popular and widespread method 
of earthen construction in Sri Lanka . The archaeological evidence 
from ancient settlements indicates that the bui lders of the past 
had taken an enormous effort to use a rai sed , damp-resistant 
podium , made of rubble pressed into soft mud , in order to protect 
the timber framework from rising damp and termite attacks . As an 
added precaution , dressed stone s labs , cut to take the timber 
columns , were placed on this podium . 

The present day wattle and daub builders show no serious 
concern about having a raised platform or sometimes even a 
foundation . Not having a solid foundation , indicates a maj or 
deviation from tradition . 

Construction work takes place in thi s  order ; the floor i s  
laid , the timber columns of the wal l s  are fixed , the timber-work 
of the roof comes next , followed by thatching with cadj an ( woven 
coconut branches )  or straw. The earth-work of the walls  is then 
taken up under the protective roo f .  This order of work allows 
protection for the workers from the heat of the tropical sun , 
prevents washing away of partly constructed wal ls , gives a 
storage place for the tempering mud mixture and prevents the 
wal l s  from too rapid drying . 

Narrow trenches are cut demarcating the pos ition of the 
walls . The trenches are s ometimes fi lled in with rubble pressed 
into soft mud to act as a foundation . Sometimes no foundation i s  
used . In either case , the timber frame of the wall is erected 
a long these trenches . 

The timber frame or the skeleton of the wall i s  constructed 
by f irst putting in a row of core columns , between the columns 
that support the roof , at an interval of 40-5 0cm .  The material 
i s  invariably of cheap and low quality .  Trees or branches of 
about 1 5cm in diameter are split into two , to form the upright 
columns . Then splintered bamboo shafts about Scm are f ixed 
horizontally at an interval of about 2 0cm onto these core 
columns on the inside and outside of the building so that they 
run parallel to each other , thus forming a ' pocket ' in which 
balls  of clay is placed ( see figs 1 , 2 ) .  The wood work is bound by 
coir rope or green vines . Spaces are left for doors and windows 
when the timber frame is built . 

After completion of the frame , the actual mud-building work 
now begins . Tempered mud , formed into balls  of about 1 2  to 1 5  cm 
in diameter , are placed inside the pockets of the timber frame . 
As the soft wet mud cannot bear much load , the construction work 
has to be done in stages to a llow sufficient time for drying and 
hardening of the previously placed mud ( see f i g .  3 ) . At thi s  
stage , the wal l  i s  levelled by s9raping out the mud with the 
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Figure 4 .  A completed wattle and daub house , after a final 
coating of soft kaolin . The raised plinth provides a place for 
relaxing or storing things . 
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fingers and splashing it back to cover any exposed part of the 
frame . Finger marks are left on the wal l s  so as to produce a 
rough texture . The wal l  at this stage i s  called the ' katu mati 
bittiya ' , litera l ly the rough-textured mud wall .  ' Oemati 
qahanava ' , literally applying the mud for the second time i s  done 
after the f irst coating is adequately dried . Thi s  time too , 
splashing the mud and scraping are done by hand . I f  the owner so 
desire s , a coating of l ime , kaoline or cow-dung i s  put on to 
obtain a better finish ( see f i g .  4 ) .  Sometime s , motifs of Folk 
Art are drawn on the wall ,  not only for decorative purposes but 
also to serve magical functions of warding off evi l and inviting 
prosperity . 

The wattle and damb technique i s  also used for a special 
type of bui lding known as the ' tampita vihara ' , that stands on 
stone p i l lars , exclusively used as image houses in places of 
Buddhist worship . Here , a wooden platform is erected on top of 
short vertical stone pillars that serve to prevent dampness 
s eeping through the walls . The timber framework for the wal l  i s  
then s e t  o n  the wooden platform . The main columns which support 
the roof are fixed outs ide the timber frame . Only the wal l s  are 
of earthen work ; the f loor i s  made of timbe r .  These wal l s  act 
only as an enclosure and a canvas for religious paintings and 
other decorative art . The walls  do not take the load of the 
weight of the roof . 

2 .  ' Tappa bitti ' or rammed earth-walls : This i s  a method of 
erecting a solid mud wall with no timber skeleton within.  Planks 
of timbe r ,  about 20 to 25cm wide , are set on the ' rubble in mud ' 

foundation about 25cm apart along the entire length of the 
exterior and interior lines of the wal l  to be built . They form a 
mould into which mud can be rammed . The planks are removed only 
after the mud i s  adequately hardened and able to stand without 
sagging . This method does not allow building more than 20 to 2 5cm 
of wal l-height at one time . This process is repeated over and 
over again until the required height of the wall is achieved . The 
most important point he�e is to bui ld a l l  the walls  of the entire 
house s imultaneuosly . All the door and window frames have to be 
fixed whi l e  the wall i s  being constructed . A temporary canopy of 
a thatched roof i s  made in order to protect the wal l s  from rain 
and excess ive solar radiation . Once the construction of the wal l s  
i s  completed , a traditional thatched roof or , a s  i s  done today a 
roof of corrugated galvanized iron sheets i s  placed using a 
timber structure set on the walls  so that the load of the roof i s  
transfered through the wal l s .  

The wal l s  constructed i n  this manner are sometimes plastered 
using a mixture of c lay and sand and then l ime-washed . Rammed 
earth wal l s  are considered much more durable than the wattle and 
daub ones . 
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Figure 6 .  A section of 
f i g .  5 ;  the new work with 
wet mud looking darker than 
the rest of the wal l , i s  
noticiable . 

Figure 5 .  A house with rammed earth-walls , under construction ; 
note the temporary roof standing on timber supports .  

There i s  another technique of constructing walls  that is 
called ' tappa bitti ' but differs from the method explained above . 
Thi s  probably evolved from a method used to construct boundary 
walls  ( known as � around private properties mainly in the 
coastal region during the Late Historic Period ( c .  1 6  to 1 7th 
centurie s ) .  Thi s  method has now gained popularity as a 
house-bui lding technique e specially in areas where timber i s  
scarce . 

Here , the method of construction i s  very s imple . Once the 
' rubble-in-mud ' foundation i s  done , mud balls  are placed on top 
of each other , in two or three rows , to build the wall . The width 
of the wal l  varies depending on the load it has to receive from 
top . It i s  possible to bui ld a height of about 5 0  cm at one 
time giving an interval of about three to five days for that 
section to dry before the work on the next section starts 
( see figs . 5 , 6 ) . This wall may be coated with mud or plastered 
with a mud and sand mixture and then l ime-washed if desired 
( see f i g . 7 ) .  It must be noted that no supporting timber frame 
is used . 

Figure 7 .  A completed house with rammed earth-walls  and a tile 
roof with the front wal l  plastered and white-washed ; the side
wal l  shows how the work progressed . 



Figure 9 .  Bonding of sun
dried brick work . 

Figure 1 0 .  A wal l  made of 
rubble bonded with mud . 
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Figure 8 .  A house constructed with sun-dried bricks ( adobe ) .  

3 .  ' Moda gadol bitti ' or walls  with sun-dried bricks ( adobe ) :  The 
use of sun-dried bricks , made by using a wooden mould , is sti l l  a 
popular building construction method ( see fig. 8 ) .  It i s  the only 
true adobe construction method in Sri Lanka . Dimensions of these 
bricks are generally much larger than that of fire-baked bricks . 
Wal l s  are built on a ' rubble-in-mud ' foundation. The method of 
construction is the same as in fired-clay brick construction , but 
here wet mud mixed with sand is used as the bonding medium 
( see fig. 9 ) .  These bui ldings are sometimes plastered with a 
mixture of mud and sand and then lime-washed . 

4 . Wal l s  built with 'kabok' or blocks of lateri te : In the 
southern and western coastal belt of the i s land , laterite i s  
quarried in blocks . These blocks are used in the construction o f  
wal l s  using a mixture of tempered mud and sand as the bonding 
medium . If desired , these walls  can be plastered and 
white-wa shed . 

5 .  ' Sakka bammi ' or stone-and-mud-wall : Mud is used a s  a 
bonding medium when walls  are constructed of rubble made up of 
stones of varying sizes ( see fig 1 0 ) .  In this case , some soft 
sand i s  mixed into the tempered mud . Walls  constructed in this 
manner can have a width of about 30-40 cm . I f  desired , the wall 
can be plastered with the same mixture of mud and sand , and 
white-washed over.  This technique i s  used also in the 
construction of ' Tampita vihara ' , a type of religious building 
that stands on stone pillars ( mentioned above ) .  

6 .  F looring : Traditionally the mud buildings have earthen 
f loors . Moistened earth is spread-out over the floor area and 
rammed manual ly with the use of a s imple wooden rammer . The 
firmly rammed floor is coated with moistened mud . A second 
coating is done with a mixture of anthil l  clay and fresh 
cow-dung . The third or the final coating i s  a layer of fresh 
cow-dung and water . A floor made in thi s manner i s  very c lean 
and insect-resistant . Another advantage of thi s floor is that it 
absorbs instantly any spil lage . 

Maintenance 

The maintenance of a mud-built house in Sri Lanka generally means 
the replacement of the tatch roof and the repaire of the cow-dung 
coated f loor .  When the f loor has to be repaired , it is merely 
dampended and a coat of anthill clay and cow-ding i s  appl ied ,  
followed by a coat o f  moist cow-dung . This adds another few 
milimeters of new material to the f loor . Thi s  i s  done 
customarily as preparations for the annual Sinhala and Hindu 
New Year celebrations around early Apri l .  After many years of 
such repair , the f loor level rises substantially . It i s , 
therefore , a practice to remove a few centimeters of old layers , 
probably once in ten years before applying a new coa t .  

During heavy monsoonal rains , rising dampness i s  a problem . 
The only known remedy i s  to drain the water from the compound to 
help to keep the site dry . Once a building gets dampened in this 
way , it takes a fairly long time to dry as these houses have very 
few openings and air circulation · inside the house is restricted . 
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Figure 1 1 . The cracked 
kaoling coating falling off 
a mud wal l .  

Figure 1 2 . The exposed 
timber skeleton , of a 
wattle and daub wal l ,  after 
the loss of the second 
coating of mud . 

Figure 1 3 . Decay of timber 
work after the loss of the 
mud-coat of a wattle and 
daub house . 

No complicated technology is applied to maintain the 
wal l s . The main causes of wal l  decay are termites who distroy 
the timber frame and build nests within the wal l ,  and rats who 
burrow into the foundation . Cracking of the wal l  can be seen as  
a result of tilting or settling . Also , the process of expansion 
and contraction caused by rapid changes in humidity and 
temperature in the atmosphere result in the cracking of the 
mud coating of the wal l  and eventual ly fall ing off . Use of 
insufficiently tempered mud too contributes to the same 
result ( see figs . 1 1 - 1 3 ) . When cracks become very apparent , 
they are s imply f i lled in with mud rather than treating the cause 
of decay . 

Summary 

In rural Sri Lanka where the socio-economic base i s  predominantly 
agricultural ,  the earthen building traditions described above are 
the most popular methods of housing construction . As the 
materials are freely ava i lable in abundance , and the technology 
involved is s imple ,  and common knowledge , and the maintenance 
does not present s erious problems , the rural house owners prefer 
to go for earthen houses , despite their impermanancy . However , 
due to the economic development experienced by the rural 
agricultural s ector in recent time s , together with the government 
support for better housing , a new trend is emerging in favour of 
permanant non-earthen material such as f ired-brick and cement . 

( The author acknowleges the grant support given by 
the Getty Conservation Institute to participate in 
thi s  conference to present thi s  pape r . ) 



ABSTRACT 

The use of earth for buil
d ing in Chile is as anc ient 
as the c ountry , be ing a syn� 
thesis of Indian and Euro
p ean techniques brought over 
Spain . For over four centur 
ies earth was the most impor
tant material for building 
espec ially in rural areas , 
where agriculture deve loped 
as the most important econo
mic activity . Today , Knowledge 
of earth building is in de
c l ine , ev entually to be ID st 
entirely . 
The pre s ent study attempts 
to recall the cultural fac 
tors inv olved with earth 
bui ld ing . There is a great her
itage of d ifferent ty pe s of 
c onstruc tion with h i storical 
and cultural values influen
c ing , that ne ed help to be 
restore d .  
The fac tors that cause dam
age and destruct ion to the s e  
c onstruc tion are earthquakes 
and inundat ions .A s ec ond aim 
of this study is to investi
gate the use of earth buil
d ing te chniques for low-cost 
housing in pre sent day in 
Chile . 
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-TAPIA L ,  Tamped earth ( p ise ) 
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-Earthen C onstruc tion t echni-
ques . 
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REVALORIZAC ION DEL MATERIAL T IERRA EN LA ARQUITECTURA CHILENA 

Hugo pereira G . Arquite�to 
C entro de  Estudios de la Tierra 
Carlos Antunez # 2467 Sant iago-Chile . 

'Definic ion d e l  area de  e studio : 

Se define la s iguiente area geografica que pre senta c onstrucc iones 
en base 8 tiersa . Es la c ompresd ida aproximadamente entre los para
lelos 20- y 40- Lat . Sur y 7 5 - y 85 � merid iano . Dentro de e sta a
rea , en la que s e  observan c onstruc c ione s en tierra existe una 
sub-area que c oncentra e l  may or desarrollo de  e stas tecnicas y que 
c o inc ide c on e l  ambito en que se c onsolido la cultura chilena y 
que c ontiene la may or densidad poblaC ional d e l  pais . A esta ultima 
se la c onoc e c omo valle central teniendo c omo limite norte el  va
lle del  rio Aconcagua y c omo l imite sur el val le del  rio Maul e .  

E l  regimen d e  lluv ias d e  e sta sub-zona e s  de  entre 500-1000 
w i l ime tros anuale s .  

C lima : la zona de l val le c entral t iene un c l ima templado medite
rrane o c on tres estaciones secas y una lluv iosa . El norte grande 
se caracteriza por la ausenc ia de lluv ias y su c ondicion desertica. 
la que es suavi zada por los efec tos de enfriamiento de la c orrien
te marit ima de Humboldt que asc iende desde la Antartida a 10 largo 
del  Ii toral . 

T ipologia edificatoria de C onstrucc ion c on tierra : 

Los princ ipales sistemas c onstructivos en base a tierra usa
d o s  en Ch�le a 10 largo de su historia son : 

ADOBE : A lbafiileria de  pri smas de tierra-pa j a ,  e j ecutados in s itu , secados al s o l .  Usualmente miden 1 0 'x3 0x 60 cms , s e  usa generalmen
te pa ja de trigo , e sporadicamente pa ja de cebada , ambos c ereales 
abundantes en la agricultura chilena . La revoltura s e  hace en pozos 
donde s e  d e j a  impregnar de agua la paj a ,  durante 1 d ia a 10 menos . 
revuelto a pie 0 c on animale s , dependienmo del volumen de mezc la a 
preparar ( graf . 1 )  
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�APIAL : C on s i s t e  en la confec c ion de bloques de me zc la de tierra
pa Ja In-s itu med iante la cornpactac i on en moldes de madera de gran 
des  proporc ione s ,  s iend o  la mas usual 501501 100 cms (Graf . 2 )  Este 
s is tema fue muy utilizado durante e l  perlodo c o l onial . 

M olde Faena 
Apisonado 

� 

Muro 
Graf . 2  

QDINCHA : ( enquinchado 0 encufi izado ) C ons iste en la confecc i on de 
un entramado de ramas independiente a l  cual s e  le adheriere por im 
pacta una mez c la de t ierra-paja en e s tado plast ico . Es ta tecnica -
t iene una arnplia gama de alternat ivas dependiend o  del  lugar e specl  
fic o en que s e  ewplea y de las  disponibilidades  del  lugar . (Graf . 3) 
Durant e  la c o l on ia al entramado de cafia reves t id o  en barro s e  l e  
c on o c la c omo " bahareque" . 

Es truc tura Embarrad o 

Graf . 3  

ADOBILJ O : C on s i s t e  en la c olocac ion en posic ion de ccmto de ad ole 
de 10 * 3 0  X 60 c ms . suj etos por medio de una e s tru�tura d e  madera 
y v ar ias c orridas de alambre f i j o  a la e struc tura cada 20 ems . 
aprox . ( graf . 4 )  

Graf . 4 
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�LILLAJE : Consiste en la proyecc ion de una me z c la t ierra -paja  en 
eOl;o.UO pro.stic o ,  sobre un entramado d e  madera de 1 "X 1 " ,  separa
do 1 " ,  afianzando a una e structura d e  madera . ( Graf . 5 ) 

�, I 1· 

1" 

Graf . 5  

Antecedentes his toricos : 
Las c onstrucc iones en bas e a t ierra , hechas 

por los c onquistadores e spanoles oon las primeras de las que tene
mos regis tro s .  La casa de Don pedro de � aldivia en Quil lota ( 1542 ) 
probablemente fue c onstruida en t ierra dadas las descripc iones de 
mac isez que de ella s e  tienen . El mismo Pedro de Valdiv ia utiliz� 
la tecnica de l adobe en la c onstruc c ion de la muralla defens iva de 
la c iudad de La Sere na luego de su des truuc ion por parte de los a
borigene s , te s t imonio que enc ontramos en una carta que el  conquista 
dor envio al rey Carlos V en 15 41 ; en esta explica que cort6 200. 00TI 
adobes para su c onstrucc ion y que e s tos  median 1 vara de largo por 1 palmo de alto . ( 1 ) 

En e l  norte grande el  uso de lu tierra se asoc ia con la te cni
ca de alban ileria de p iedra , usandose como argamasa de pega ; en 
c ierros ext eriores se utilizaba la tecnica del tapial . Ia cub ierta 
de e stas c onstrucc ione s es mas liv iana que la cubierta de te j a  del  
val le central , utilizandose �aja gruesa aLundante en laS praderas 
pre -alt iplanicas (cana brava ) .  Estas c ons trucc iones son mas ant i -
gUas que las del  valle c en tral yo. que s e  encuentran emplazadas en la 
ruta de la c onquista de Chile desde e l  Peru , a trave s  del l lamado 
cam ino de l Inca" el que rec orria toda la zona norte a traves de la 
prec ordillera . (Graf . 6 )  

ElEVA(ION to1TE 

ELEVAOON 9.Jl 
Graf . 6 

ilustl ' .  J .  Benavide s ,R . M arquez de la plata ,L. Rodriguez , A rguitectura del Al t ipluno 

Caserios y villorrioB ariqueiios Stgo .Chile,Fac. de Arq\l .. 1.ec tura y Urbanismo lJ. cle Cliile. 
1 ) Edit.Universitaria 1·977 . 88 89 

E .  Greve , Historia de la In�enieria en Ch ile Tom . 1 Santiago , Chile 
Imp .  Universltarla 1938. 
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Ex isten t e s t imon ios ac erca de la u t i l i zac ion de la tierra en las 
c ons trucc iones agric o laa , c omo l o s  del naturalista franc � s  ave c ln
dado en Chile C laudio Gay , qu i�n describe detalladamente la v ida 
de l pai s  durant e  el s ig l o  XVIII . A l  respecto e s c r ibe Gay , que s e  
" c ortaban" adobe s y que c on e l lo s  s e  hac ian tapias e n  l o s  c ampos 
las que serv ian de c ierros ( c erc o s )  para las cuadras ( un idade s de 
medida de l o s  c ampo s ) . Es t o s  s e  hac ian c on pa j a  revu e lta c on t i erra 
c o n  la ayuda de animale s . S e re fiere tamb ien el aut or a la s e l e cc i 
on de los sue lo s , debiendo rechazar s e  l o s  aren o s o s  y u t i l i z ars e l o s  
arc i l lo s o s ; s e  ref iere tambien a l  t iempo d e  dura c i on d e  las tapias , 
e s tablec iendolo entre 30 y 40 an o s , y  e st o  a c au s a  de la c on s tante 
u t i l i z ac ion que hac en los an irrJales de los muro s ,  para frotarse . ( 2 ) 

La �r imit iva " ruca" , v iv ienda de la tribu de l o s  mapuche s ,  pue 
b l o  aborlgen de la z ona sur de C h i l e  ( mapu=t ierra , ch e=hombre ) , e s ta 
ba c ons truida �rinc ipalmente de un entramado de tronc os y rama j e s
de arbo l e s " . ( ve r  graf . 7 ) 

��:� , " � . ' � /. � 

�\\li ' , � 
la c on strucc i on aborigen s o l o l e s  pudo ofre c e r  10. " ruca ' , de la cu�l tomaron l o s  s is temas de trabazones de l o s  mat eriales de c o l i  

gue ; la" 'f&mada " , derivac ion c r i olle. d e  l e:.  ante r i or y 1 &  " p irca" s e:: 
paratorla de l o s  campo s  de cult ivo que pare c e  tamb i e n  de origen 
pre c o l ombin o " . 

En C h i l e , a rai z  de una cronica e scas e z  d e  recurs o s  
t e cn ic os y de mana de obra c a l i f ic ada , s e  d e sarrol l o  una A rqu i te c 
tura carac ter izada por J a  aus ter idad y s enc i l le z , obra d e  las manos 
de arte s&n o s - campe s inos . E s ta c arac ter i s t i c a  aus te ra e s  c onsecue n 
c ia tamb ien d e  l o s  c ont inuos terrem o t o s  que s e  enc argan de e l im i 
nar de l o s  e d i f ic i o s  todo 10 superfluo . El 1 3 d e  May o d e  1 647 , un 
v io lento t e rremo t o  d e s t ruy e gran parte de 1 0 di f icultuo samente e d i  
f ic ad o  a la fecha . 

-

No ex i sten dat os c i entific o s  prec is o s  al respec to , pero 10 c i erto 
e s  que este hecho marc ara un hito en la h i s toria de la Arquite c tu 
r a  c h i le na y a  que o b l igo & nue s tr o s  an tepasad o s  a replantearse. l o s  
princ i p i o s  c ons truc t i v o s  que habian apJ i c ad o  has ta entonc e s . comien 
za a de sarro llar s e  entonces una Arquitec tura d i s t inta , lo s  muro s em 
pie zan a eng�os&r s e , llegand o  a s obrepasar 1 , 00 mt . de e sp e s or , d i� 
m inuy en los van o s  y las gr�nd e s  luc e s ; las alturas de las c on s tru� 
c io�e s  se restringe n ,  e l iminand o s e  t orres y todo e l e mento agregado 

a 10. e s truc tura que pudie ra s i gn i f i car un r i e sgo de de sprendimie£ 
to . ( 3 ) 

l,as repercusiones d e l  s i s:"o afec taron tamb i e n  10. c on f igurac ion 
de la casa ch ilena del s iglo XV I I adoptando s i stemas c ons truc t iv o s  
tal e s  c omo la " qu incha" origin&l d e  la . c iudo.d d e  Lima , perd , t ecnica 
m ixta de t i erra y madera d i s tanc iada c-ada 90 c ms - 1 2 0 cms y l i s to 
nes h o r i z ontale s en l o s  que s e  t e j e  10. cafia , s o porte d e l  barro ( 4) 

En otros e s c r i t o s  del periodo colonial e nc ontramo s t e s t imon i o s  
s o bre l a  import&nc ia de l adobe e n  l a  c on s truc c i on otorgdnd o s e l e  ex 
c e le L t e s  c&rac t e r i s t i c a s  de c omportamiento ant i s ismic o , i n c luso com 
paran d o l o  c o �  e d i f icac iones de p iedra y ladr i l l o . 
Las hac i endas , c on s t i tu io.n las grandes unid ades de producc ion d e l  
campo c h i leno d e l  periodo c o l onial , c on s t ituyendo c entr�s de gran 
ac t ividad y c oncentrac ion poblac i onal y ex pre sand o arqu i t e c t on ica
mente algo propio ,  hecho que se fundamentaba en 10. ut i l i zac ion . 

2 . -

3 . - B . V icufia-r'Jo.c kenna , H is t o r i a  C r i t i c a  y S o c ia l  de 10. C iudad de 
San t i aao d e s d e  su fundac i6n ha sta nue s tros dias : 1 54 1 - '18b8 
stgo , hlle Edltor laI 1869. 

4 . - E . pere ira , H i s toria de l Arte en e l  re ino de Chile . Buenos Aire s 
Argentlna . Impre s oro.s � rgentlnas 1965, 5 0 
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Historicamente ,  en un periodo de tre s s iglos y med i o ,  la Arqui 
tec tura chilena utiliz� masivamente el  adobe , c omo material construe 
tiv o . Esto e s  posible c onstatar en c onstrucciones de diverso tipo� 
religiosa, Hatitac ional etc , tanto en el ambito rural c omo urbano . 
A raiz del  proc eso  de Independenc ia Nac ional , se produ j o  un c orte his 
torico con la cultura del  periodo colonial , y  es  asi que a partir -
del siglo X IX , se manifiesta fuertemente una tendenc ia a la adop -
c ion de mode los y arquetipos extranos al periodo anter ior ; fen6meno 
que se agudizaria a fines del s .  XIX . Las nuevas estet icas serian 
abandonadas c on la misma irresponsabilidad c on que eran adoptadas . 
Un eclectic ismo desenfrenado se apoderaria de la arquitectura nacio 
nal . C omenzo un proceso  de de strucc ion de los testimon ios edilic i Ds 
del pasado colonial , entre los cuales abundaban edi fic ios construi 
dos en base a tierra; c on el  c ons iguiente empobrec imiento del p atri 
monio arquitec tonic o .  

-

A partir de la decada de los 40 , a raiz de la industria 
lizac ion del  pais y e l  aparec imiento de  nuevos materiales de c ons= 
truc c ion , en el mercado , y  a causa de las des trucc iones ocas ionadas 
por el terremoto de 1 93 9 ,  disminuye notoriamente  el empleo de las 
tecnicas de c onstruc c ion c on tierra , espec ialmente la del  adobe . 

Lo que ocurrio  fue que se des truyo una gra� cantidad de  casas 
c on� truidas c on adobe , pero no se invest igo e l  porque . El  dram�ti
(C o caso de las destrucc ione s de 1a c iudad de Chillan ,  que cobro mi 
le5 de v idas humanas e s  e jemplar . Al respec to el profe sor E . Guzman 
que las fal ] as en las estructuras se debio a una grave mod ificacion 
d e l model o  estruc tural primitivo . 

li Se trata de viv iendas antiguas de adobe , c on alero a la calle , 
que fueron en algun momento"modernizadas " ,  suprimiendo e l  alero 0 par 

te saliente de la techumbre y prolongando hac ia el muro de la calle 
has ta ocultar el  techo . A l  c ortar el  extremo del  t i j eral , se sostie 
ne e l  par c on un so porte vertical , probablemente dos tablas latera= 
les en cepo  (graf . 8C ) m ientras se c onstruy e el muro , para apoy arlo 
alIi en definitiva. Con este cambio se c onsi�ue transformar el  tri
angulo perfe c tamente indeformable (graf . 8d ) , en un e lemento de Cli§: 
tro lados , que no solo es deformable , sino que da origen a una 
fuerza inc l inada que empu ja al pequeno muro ant e techo ; c on gran 
parte d e l  peso de la cubi erta de teja  , tratando de volcarl o . ( grat 
8E ) .  Despue s de una transformac ion c omo e sta , resulta ex trafio que 
el muro ante techo no caiga de inmediat o . En t od o  caso , la techum
bre de la la v ivienda queda transformada en una trampa , que c aera s2 
bre sus moradore s justament.e en el momento en que salgan a la ca -
lIe por efe c to d e l  sismo . "  ( 5 ) 

Def ic it habitaci onal Y-. proyecc ion e s  del  u s a  de l mater ial t i e 
rra 

Chile tiene un defic i t  habitac ional de aproximadamente 1 
mi llon de viviendas . De acuerd o  a los porcentajes  de inc idencia de 
las partidas en el c os to total de  una vivienda , podemos descubrir 
que la inc idenc ia de los muros  sobre el c osto total aumenta mien 
tras mas economica e s  la vivienda , y v ice  versa , pud iendo llegar a 
inc idir . hasta e l  5 0%  de l costo  total (6 ) , c ons iderando que el rna 

terial tierra prac ticamente se encuentra a muy baj o  c osto en gran
parte d e l  area del  valle central de Chile , e s  que es posible asegu 
rar que sin duda es un material alternativo  que brinda exc e lentes
posibilidades de aplicac ion en v iv iendas de baj o  costo . Las rec ien 
tes  experienc ias de c onstruc c ion c on tierra asi 10 estan demos tran 
dO j e l  periodo 1 983 - 1 987 , se d ieron c erc a de 1 8 . 000 soluc ione s habT 
tac ionales que utilizaban la tierra c omo material de muros y aisla 
c ion termica sobre e l  enc ie lado . Muchas de e s tas experienc ias han 
emplead o  el  sist ema de autoc ons trucc ion d irigida , 10 que ha c ontri 
buido a abaratar los c osto s .  Lo s princ ipales motivos que han lleva 
do a elegir estos sistemas mixt os de c onstrucc ion en base a tierra 
son los s iguiente s :  

1 )  Seguridad antis ismica 
2 )  Buena respuesta a cond icionantes fisic o-ambl 

entales 
3 )  Rapidez de  e j e cuc ion 
4 )  Pos ibi lidade s de rec ic lar materiales en des� 

so 
5 )  Fac ilidad para implementar autoconstrucc ion 

La mayor parte de estas v iv iendas han surgido 'a causa del  de
fic it producto del  terremoto de 1 985 , que destruy o una gran c anti
dad de  v iviendas , e spec ialmente localizadas en areas rurales . 

El  desarrollo embrionario de esta tecno logia obliga a estud i 
a r  c on mayor profund idad las condiciones fisico-quimicas de la tie 
rra ,ya  que hasta el  momento se ha trabajado utilizando c omo base de 
dato s la simple experienc ia de obra , sin la asi stenc ia de un es tu
dio tecnico riguroso . 
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En alguna nledida las c onstruc c i ones realizadas pre sentan def� 
c ienc ias produ c to de i desconoc imiento de l material tierra ' o io que 
lleva muchas veces a present9r un �unorama cqnfuso en re lac lon a la 
real p o s i b i li dad de a pl icac ion de e s te materlal . , 

Un c as o  interesante de viv ienda ec onomica c ons tru�da en 
base a un s istema mixto de tabiqueria d e  mad era y t ierra ( palilla
j e ) y malla me talic a , e s  el e j emplo de l G:af . 9 ,  

o
e j e c u�ado en 1 986 

en una r. omuna de extrema pobreza de Santlag o ,Chlle , e J eeutado por 
autoc ons trucc i on c on aS i s tenc ia tecnica d e  profesionale s .  ( taller 
N orte , Arqto s .  J . M . r. ortine z ,  R. J imene z ) .  

ELEV-'<CION FACHADAS 2 CASAS TIPO 
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C onc lus i one s : La tecnologia d e  c onstru.c ci 6n en base a t ierra , 
tiene una gran proy e c c i on a futuro ,ya que habiendo sido aband o
nada rec ientemente (de co.da 1 940-5 0 ) ,  se hac e nece saria en vis
ta a la manu,tenc i on , reparac ion y modificac i on de un legad o patri
mon ial de gran valor arquite c t onic o que abarc a c erca d e  tre s  si
gl os d e  hi s toria . Es importante retomar c ientificamente e l  estu
dio del material de tal forma d e  poder inc mrporarlo 0.1 reperto
rio de materiale s " seguros " .  Es po.rticularmente �ti l , poder 
promover e l  uso d€ tecnicas mixtas de construc c i on c on t ierra , 
dado que por una parte se e l im ina la variable d e  " riesgo s ismi
co" , y por otrs s e  aprovecharia un abundante recurs o material 
en nue s tro pais , c om o  es la madera .  Seg�n proy e c c i ones realizadas 
durante 1 985 , en Chile se habrian c onstruid o gran cantidad de vi
v iendas d e  baj o  c o sto  en base a e s te ultimo tipo  de tecnicas , 
c on d iversos inc onveniente s  de orden normativo y s oc io -cultura
les , hecho que avala c omo c ierta la opc i on de d esarrollar la in
ve stigac i on c ientifi ca en esta area y que tendria subs id iaramen
te o tro efe c t o  muy p o s itivo , cual e s , el de recuperar un aspecto 
perd ido d e  nues tra identidad cultural . 

5 - E . GUZ�'lAN ° Curso de edificac i on Cap IV San t iago Chile 
Edit . Univers itbria 1 97 1 , 2 05 

6 - J . Sa LA S  SERRANO " Aspe ctob Ec ono/nicos  de las C ons truc c iones 
c on tierra" MONOGRA F IA No 38) - 386 INST ITU 

TO EDUARDO TORROJA , MJtDRID ESPANA (1987) : '7'1 - 82 



ABSTRACT 

The use of unfired earthen 
mixtures for the wall 
construction of load-bearing 
masonry structures has 
generally been regarded as 
unsuited to the harsh 
climate of the northeastern 
United States . In fact , at 
least twenty-four mid
nineteenth century earthen
walled buildings exist in 
New York State today , 
attesting to the potential 
for exceptional longevity of 
earthen construction in this 
unlikely climate . 

Unburnt brick construction 
in New York State was 
influenced by reports 
documenting earthen walled 
construction in Canada and 
England in the 1 8 3 0 ' s .  Mud 
brick construction was 
championed at the same time 
in the United States by U . S .  
Commissioner of Patents 
Henry Leavitt Ellsworth . 
Ellsworth ' s  patent reports 
reprinted excerpts of 
British and Canadian 
j ournals , and documented 
Ellsworth ' s  own experiments. 
with mud brick construction . 
By the mid-nineteenth 
century over forty mud brick 
structures dotted a nine 
county area spanning half 
the state . Buildings ref lect 
then current Greek Revival , 
Gothic Revival ,  and 
Italianate styles , and were 
erected by members of 
various socioeconomic 
groups . 
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�n the United States , the use of earth for building construction 
1S most frequently associated with the adobe structures of the 
southwestern states or the sod houses of the untimbered stretches 
of America ' s  northern plains . In the northeast infrequently 
appli�d techni�ues su<;:h as "wattle and daub" and "mud nogging" 
explo1ted the 1nsulat1ve properties of earth used as infill in 
wood frame buildings . The use of unfired earthen mixtures for the 
wall construction of load-bearing masonry structures has generally 
been regarded as unsuited to the harsh climate of the northeastern 
U�ited States , however .  In fact , at least twenty- four mid
n1neteenth century earthen-walled buildings exist in New York 
State today , attesting to the potential for exceptional longevity 
of earthen construction in this unlikely climate . 

The early popularization of earthen construction in 
nineteenth-century United States may be traced to the seminal 
writings of Francois Cointeraux , French agriculturalist and 
architect , whose pUblication of a series of cahiers on pise or 
rammed earth , construction in 1 7 9 1  started a chain of translations 
and adaptations that reached the United States in the nineteenth 
century . Cointeraux was not the first Frenchman to report on 
rammed earth construction , which had been chronicled by others 
reporting on pise construction then common in the areas around 
Lyons : coin�eraux ' s  reports were backed by considerable personal 
exper1mentat10n , however , and he pursued the dissemination of his 
techniques with a proselytic zeal that soon attracted the 
attention of like-minded architects in Great Britain.  

By 1797  Cointeraux ' s  first and second cahiers on pise 
cons�ruction were translated into English by noted English 
arch1tect Henry Holland , and published with new illustrative 
pl�te� in the Communications of the Board of Agriculture of Great 
Br1t�l n .  Holland ' s  translation was reworked and plagiarized in 
Amer1<;:a . by Stephen . W .  John�o� , who published Rural Economy: 
Conta1n1ng a Treat1se on P1se Construction in 1 8 0 6  in New 
Brunswick , NJ . Johnson ' s  book was illustrated with plates 
resembling Cointeraux ' s  original engravings , and included sections 
on such disparate topics as road building and viticulture . Most 
signif�c�ntly , Joh�son included a chapter on "cob" or mud walling , 
a trad1t10nal Engl1sh technique of monolithic earthen wall 
construction , which , unlike pise , used a mixture of moistened 
earth and straw .  Johnson ' s  book , and Holland ' s  translation which 
was republished in the agricultural j ournal The American Fa;mer in 
1 8 2 1 , sparked a series of experiments in pise construction in the 
Mid-Atlantic and southeastern United States that were chronicled 
in agricultural j ournals in the first four decades of the 
nineteenth century . Curiously , no similar experimentation in true 
pise construction appears to have taken place in New York State . 

New York ' s  earliest documented extant earthen structures are 
two cob walled residences . The Lawrence Johnston House ( 18 3 2  or 
1 8 3 3 )  and the Wi lliam Gorse House ( 18 3 6 ) are located a few miles 
apart in Penfield , Monroe County , near Rochester . While the 
J�h�ston House ' s  wall construction is now obscured by clapboard 
sld1ng , several exposed areas in the interior show that the 
mixture of mud and straw was placed within wooden wall forms in 
layers about 15 cm ( 6 " )  deep . An account of the construction of 
the Gorse House republished in Penfield ' s  Pas t :  1 8 1 0 - 1 9 6 0  by 
Katherine Wilcox Thompson states : 

"A pen was built on the ground and clay drawn from a 
nearby creek bed spread over the ground to a depth of 
about a foot . On this , cut straw was spread to a 
depth of three to four inches . Oxen were driven 
around and around inside the pen to thoroughly mix the 
ingredients .  Plank forms about a foot high were set 
up on the wall foundations and filled with the clay 
mixture . As soon as the clay and straw had dried 
sufficiently to be self-supporting , the forms were 
raised and another course poured . Floor j oists were 
laid across the walls and another layer poured on top , 
thus embedding the j oists in the wall .  When completed 
a year later , the house was given a thin plaster coat 
of clay and the interior walls were plastered and kept 
white-washed . "  
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About the same time that Gorse and Johnston were 
experimenting with cob wall construction outside of Rochester , 
English architect and horticulturist John Claudius Loudon was 
publishing his influential Encyclopedia of Cottage, Farm, and 
Villa Architecture ( 18 3 3 ) ,  a compendium of designs and 
prescriptions for construction that contained no fewer than 
twenty-nine illustrations for cottages that Loudon proposed were 
appropriate for earthen construction . Loudon noted Cointeraux ' s  
pise experiments but also quoted the report of fellow Englishman 
John Denson whose Peasant ' s  Voice reported on the use of " clay 
lumps" or unburnt brick , for the construction of cottages in 
Cambridgeshire . 

Whether prompted by Loudon ' s  encyclopedia or simply 
immigrant English technique , buildings were being constructed of 
unfired mud brick near Toronto , Canada as early as 1 8 3 6 .  By 
September 1 8 4 2  the Canadian pUblication The Church was reporting 
of the new Hurontario Church , " the new church is to be built of 
mud ( or unburnt ) brick , which in the opinion of the best informed 
architects ,  is the material of all others the fittest for the 
building with in this province . "  In February 1 8 4 3  The British
American Cultivator , a Toronto agricultural j ournal , reported that 
"houses , properly constructed ( of unburnt brick ) are warmer , more 
durable , and also cheaper than frame , and are destined to take the 
place of the log shanty , as well as the more expensive wooden 
walls . "  

Unburnt brick construction was being championed at the same 
time in the United States by U . S .  Commissioner of Patents Henry 
Leavitt Ellsworth . Son of U . S .  Supreme Court Chief Justice Oliver 
Ellsworth , and brother of Connecticut Governor Wi lliam Ellsworth , 
H . L .  Ellsworth chronicled advances in agricultural science in his 
patent office reports of the 1 8 3 0 s  and 1 8 4 0 s . Ellsworth ' s  reports 
of 1 8 4 2 , 1 8 4 3 , and 1 8 4 4  reprinted excerpts about unfired brick 
from Loudon ' s  encyclopedia and The British-American Cultivator , 
and reported on Ellsworth ' s  own successful experiments with mud 
brick construction in Washington , D . C .  and Grand Prairie , Indiana 
that had begun in 18 4 2 .  Ellsworth ' s  influential reports were 
widely excerpted and reprinted in agricultural j ournals such as 
The Cultivator ( Albany , N . Y . ) and The Genesee Farmer ( Rochester , 
N . Y . ) .  The New York Tribune , which published an excerpt about 
unburnt brick construction soon after the first report ' s  
publication in February 1 8 4 3 , separately reprinted a sizable 
portion of the report in pamphlet form under the title Useful 
Works for the People No . II . 

Ellsworth ' s  motivation to experiment with this novel form of 
construction was apparent . Already a landowner in the Wabash 
Valley of Indiana , Ellsworth was to become an agent for Federal 
lands in the area following his departure from the Patent Bureau 
in 1 8 4 5 . An illustration of Ellsworth ' s  proposed "prairie 
cottage" in the 1 8 4 4  report leaves no doubt that , in spite of his 
rather large ( 5 . 5  m x 1 6 . 5  m, or 1 8 ' x 5 4 ' )  experimental brick 
structure in Washington , D . C . , Ellsworth was proposing that 
unburnt brick would well serve those of modest means settling on 
the prairies of the then far west . 

Ellsworth ' s  intentions notwithstanding , at mid-century over 
forty mud brick structures ,  most not nearly so simple as 
Ellsworth ' s  prairie cottage , dotted a nine county area in New York 
that spanned half the state . Ontario County was quite certainly 
the center of this mud brick vogue ; census records indicate that 
at least twenty-two mud brick structures had been built in the 
county by 1 8 5 5 ,  far more than in any other . At least fourteen mud 
brick bui ldings were constructed in the village of Geneva alone . 

One contemporary account reveals that the initial use of 
unburnt brick in Geneva antedated Ellsworth ' s  first published 
report ,  however ,  and the discrepancy between the brick sizes 
recommended by Ellsworth ( 3 0 . 5  cm x 1 7 . 8  cm x 1 2 . 7  cm , or 12" x 7 "  
x 5 " , and 3 0 . 5  cm x 1 5 . 2  cm x 1 5 . 2  cm , o r  1 2 "  x 6 "  x 6 " ) and that 
of the maj ority of mud brick buildings in Geneva ( 3 8 . 1  cm x 3 0 . 5  
cm x 1 5 . 2  cm , or 1 5 "  x 1 2 "  x 6 " ) suggests that English or Canadian 
practice may have served as a model for the earliest Geneva 
construction . 

In September 1 8 4 4 , The Home Missionary ,  j ournal of the 
Presbyterian and Congregationalist American Home Missionary 
Society , published a lengthy article entitled " Churches of Unburnt 
Brick" featuring an analysis of " several houses of unburnt brick" 
in Geneva and proposing that "houses of worship of unburnt brick 
are desirable for congregations of the ordinary size . . .  " The 
president of the A . H . M . S . , Henry Dwight , was a Geneva resident , 
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and Geneva was the site of the society ' s  western New York office . 
Although the article obviously intended that the use of mud brick 
construction be adopted by impecunious congregations , much of the 
domestic earthen architecture that sprang up in Geneva following 
The Home Missionary report was anything but modest . By 1 8 5 0  one 
mud brick Gothic Revival style residence had been constructed for 
Miles P .  Squier ,  former regional secretary for the A . H . M . S .  and 
the niece of Henry Dwight ' s  wife , Sarah Bradford , lived in another 
prominent earthen structure on Geneva ' s  fashionable South Main 
Street . Still another adobe was constructed on a nearby lot 
belonging to Charles Cooper , the namesake of Bradford ' s  eldest 
son . 

Of the fifteen mud brick residences eventually constructed 
in the Geneva area , eleven are extant today . Five of the Geneva 
adobes exhibit striking decorative similarities , and no doubt the 
apparent popularity of mud brick here was due in part to the 
presence of a body of builders willing to work with this unusual 
material . It is apparent also that Geneva mud brick construction 
influenced others wishing to experiment with the method that 
Ellsworth and others were espousing ; the 3 8 . 1  cm x 3 0 . 5  cm x 15 . 2  
cm ( I S " x 1 2 "  x 6 " ) brick size can be found in buildings in Bath , 
Steuben County , and Interlaken , Seneca County . By 1 8 5 5  earthen 
buildings had been constructed in Erie , Monroe , Steuben , Ontario , 
Yates , Seneca , Tompkins , Oswego , and Otsego counties . 

Although the architectural treatises of the period were not 
silent on the subj ect of unburnt brick , few dealt with the mode at 
length or in adequate detail to assist a would-be builder . One 
notable exception was The Architect ( 1 8 4 9 ) , a j ournal published by 
the New York City architect Wi lliam Ranlett . Ranlett ' s  book may 
have been the first eastern publication to use the Spanish term 
" adobe" for the construction technique that previously had been 
identified as "unburnt brick , "  "sundried brick , "  "mud brick" or 
even " Egyptian brick . "  While Ranlett devoted only two pages and 
three designs to adobe construction , he gave detailed 
prescriptions for construction and undoubtedly his copiously 
illustrated pattern book lent a certain cachet to the novel 
building mode that had prompted so much publicity in the previous 
five years . It appears that Ranlett ' s  work inspired the 
construction of what is by far New York ' s  largest documented 
earthen building , the Judge Samuel Ludlow Residence in Oswego . 
Under construction in 1 8 5 1 , the Ludlow residence when complete had 
a maj or facade seventy feet long , two 2 - 1 / 2  story hip-roofed ells 
forty-five feet long , and an adobe tower with a wood frame top 
that rose forty feet . Today clad with fired brick , Ludlow ' s 
residence serves as a convent for a neighboring Catholic high 
school . 

By the early 1 8 5 0 ' s ,  however ,  the mud brick vogue was 
slowing considerably , no doubt prompted in part by the difficulty 
of preventing exterior stucco finishes from failing . The stucco 
problem had been mentioned frequently in early accounts ,  and 
prompted at least two New York State builders to include 
horizontal wooden members within the walls between alternate 
layers of brick so that the completed masonry building could be 
sided with wood . 

Despite the generally glowing tone of the early press ,  not 
all later publications treated the topic so favorably . In his 
1 8 5 2  book Rural Architecture , Lewis F .  Allen indicated "we are 
aware that unburnt bricks have been strongly recommended for house 
building in America ; but from observation we are fully persuaded 
that they are worthless for any permanent structure , and if used , 
will in the end prove a dead loss in their application . "  The 
Cultivator , which in March 1 8 4 7  had published an article about mud 
brick construction entitled " The Cheapest and Best Mode of 
Building" , was by February 1 8 5 5  stating " . . .  this mode of building 
is falling into disuse , doubtless for some substantial reasons , 
among which is probably the difficulty of having every part done 
well ,  and especially the great difficulty of securing good cement , 
so essential to success . "  Some innovative builders , inspired by 
Orson Fowler ' s  The Octagon House, A Home for All turned instead to 
what was to become the next heralded replacement for fired brick 
masonry--the gravel wall . As early as February 1 8 4 6  one 
correspondent to The Cultivator offered a comparison of the two 
technologies : 

" I  read in Ellsworth ' s  report of last winter , the 
manner of building cheap houses of unburnt brick ; but 
I think they have an improvement in Wisconsin over all 
others . The material consists of gravel and lime-
one-eighth part lime , and the balance of coarse sand 
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and any kind of gravel or small stones , mixed so as to 
make a mortar that will " set" so hard as to stand 
well . "  

All but three or four of New York ' s  adobe structures can be 
confirmed through census research to antedate 1 8 5 5 , although one 
Geneva building is known to have been constructed after 1 8 7 0 . Few 
stylistic generali zations can be made , even in Ontario County , 
where the disparate buildings ref lect then current Greek Revival ,  
Gothic Revival ,  and Italianate styles . Simi larly , the buildings 
cannot be said to have been favored by one socioeconomic group ; 
the 1 8 5 5  census records values for the buildings ranging from $ 1 0 0  
to $ 1 5 , 0 0 0 , stretching the limit o f  what might be considered 
vernacular architecture . Today most remaining examples are in 
sound condition and all are occupied . Many retain their original 
exterior stucco finishes , although some have long been resided 
with wood clapboard , aluminum , or brick , and hide their identity 
from the casual observer . Quite certainly others remain to be 
found , unlikely relics of an innovative era in American masonry 
construction , confirming the claims of adobe ' s  nineteenth century 
proponents about the durability of earthen construction in New 
York ' s  harsh climate . 

Mud brick from 2 4 7  Washington Street , Geneva , New York . 
Brick size is approximately 3 8  cm x 3 0  cm x 1 5  cm ( 1 5 "  x 1 2 "  x 
6 "  ) and is typical of adobe buildings in New York State . 

Samuel Sill residence , circa 1 8 4 5 , 2 4 7  Washington Street , Geneva , 
New York . 
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John and Sarah Bradford residence , c irca 1 8 4 5 , 6 2 9  South Main 
Street , Geneva , New York . Gothic Revival des ign was utilized for a 
number of adobe residences in Geneva . 

1 4  West Morris Street , Bath , New York . Thi s  Greek Revival style 
residence i s  covered with a natural cement stucco which was scored 
to resemble ashlar . 

Theodore I rving residence , c irca 1 8 4 5 , 7 3 1  South Main Street , 
Geneva , New York . Several of Geneva ' s  adobes retain their original 
exterior natural cement s tucco . 
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ABSTRACT 

The cri ti ca l  s hortage of hous i ng 
i s  probabl y  the s i ng l e greatest 
prob l em fac i n g  deve l opi n g  
countri es  i n  Afri ca today . 

Severe econom i c  res trai nts , 
coupled  wi th uni magi nati ve and 
i l l -di rected pol i ci e s  by deve l 
opers have c reated hectares of 
s teri l e  conc rete block un i ts 
unaffordab l e  to the average worker . 

Across  Afri ca examp l e s  of 
fi ne vernacu l ar arc h i tecture 
c reated by s e l f-re l i ant devel 
opers are evi dent . These non
pedi g reed archi tects u sed the 
earth , thei r own unski l l ed l abour , 
and thei r concerned mi nds to 
create archi tecture w ith  qua l 
i ti e s  of communa l  awarenes s ,  
securi ty ,  sereni ty ,  and aesth
eti cs . Unfo rtunate ly , these 
have been neg l ected by h i stori ans . 

Retention of these val ues 
wi l l  educate cons u l tants and 
authori t ies  on  the meri ts of 
tradi ti onal  des i gn and use of 
materi a l s and poss i bly  un l eash 
the energy to make use  of the 
abundant supp l i es of l an d ,  
l abour ,  l ove , economy ,  a n d  earth 
to so l ve the hous i n g  prob l em .  

KEYWORDS 

T RADITI ONAL VALUES , ADOB E ,  
DECORATION ,  MODERN U RBAN -
BL IGHT 

Adobe 90 

RETENT I ON OF THE TRAD ITI ONAL VALUES OF AFRI CAN EARTH ARCH ITECTURE 

Davi d Smai l ,  Arch i tect 
P O Box 240305 
Ndol a ,  Zamb i a  

One o f  the g reatest  prob l ems faci ng practi cal l y  a l l counti es i n  Afri ca today 
i s  provi d i n g  sati s factory she l ter for thei r burgeoni ng urban popu l ati o n s .  
The mush roomi ng o f  the towns and c i ti es h a s  been a feature o f  both the 
co l on i a l  and post-i ndependence peri od s i nce the end of the Second Worl d War 
wi th the consequent i nc rease of satel l i te townsh i ps  and s hanty dwe l l i ngs  
surroundi ng the  o l d town centres housi ng those in  search  of a pot  of gol d .  

The response o f  mos t  governments has been di rected through thei r quas i 
governmental hou s i ng authori ti es . Many agenci es wi th deep soc i al commi t
ments tri ed to he l p by bu i l di n g  new hous i ng estates i n  modern renewa l projects . 
The exi sti ng s hanti es were regarded as s l ums - chaoti c and "bad " ; the pl anners 
and soci o l og i sts fai l e d  to understand or  appreci ate the s oc i a l  organ i sati ons , 
the del i cate express i on s  of nei ghbourl i ness  and terri tory found i n  them . New 
" good" hou s i ng was provi ded on the g ri d ,  l ac k i n g  heart , i nd i vi dual i ty ,  
pri vacy , and securi ty .  Soon , di scomfort became ten s i on a n d  devel oped i n to 
vanda l i sm and thuggery ,  s i mi l ar  to what happened i n  the verti cal devel opments 
erected i n  the Fi rst Worl d by s i mi l ar wel l -meani n g  deve l opers . Comparing  a 
typi cal s cheme i n  Zamb i a  ( Fi gure 1 )  w i t h  an o l der devel opment i n  Mal i  (F i g ure 
2 )  one can on ly  be s addened by the resul ts  of progress .  The town p l an of  
Mopti i n  Mal i i s  ful l of del i gh t ,  s urpri s e ,  i ntere s t ,  drama , and vari ety , as  
o rgani c  as  a c ross  secti on  through the gut  of  a ch i cken , compared to the 
i nh uman preci se gri d now uni versal l y  common as  the accepted answer to modern 
hous i ng deve lopments . 

Fi gure 1 Modern Hous i ng pl an Fi gure 2 Mopti in Ma l i  

Those respons i b l e  on the town counci l s ,  ai d agenc i es , archi tects , p l anners , 
and contractors congratu l ated themsel ves on thei r s uccess wi th typi cal 
pronouncements , as  one made by the Lusaka C i ty Counci l on  one such s cheme : 
" the l oca l  authori ty l ow cost house has w ith i n 20 years , deve l oped from the 
trad i ti onal  hut bui l t  of s un dri ed bri ck to a modern structure of  p l aste red 
b l ockwork and asbestos cement s heeti ng that wi l l  s tand compari son wi th publ i c  
hous i n g  a l l over the worl d O l  . ( Reference 1 ) . 

That these uni ts were steri l e  and costly mattered l i ttl e to the deve l opers ; 
cement or burnt bri ck are mandatory ,  b i g  wi ndows l ooki ng across  sma l l p l ots 
on to the heat of the road are the norm ,  corrugated i ron  or  asbestos roofi ng 
s heets are a mus t .  Aestheti cs are regarded as  a fri vol i ty and therefore 
tota l l y  expendabl e . The very rea l cost i n  forei gn exchange expenditure ,  
deforestation  through burn i ng bri cks , and l ack o f  comfort i n  sma l l hot houses 
wi th curta i n s  i nevi tab l y  drawn i n  a va i n  search for coo l ness ,  pri vacy and 
securi ty are a l l accepted a s  part of  the moderni sation  process .  T radi ti ona l  
hous i ng val ues have been di smi s sed a s  unsui tabl e  for the contemporary s cene . 
One of the early voi ces  rai sed to protest the trend was that of founder 
P res i dent of Tanzani a ,  J u l i us Nyerere , who sai d ,  " the wi despread addi cti on to 
cement and ti n roofs i s  a k i n d  of mental para lys i s " .  ( Reference 2 ) .  

I t  i s  i mportant to appreci ate the very e l ementary l evel  at wh i ch a 
so l uti on to thi s probl em must be found . Even one of the standard l ocal 
authori ty-type houses costs the equi val ent of about 30 years of earn i ngs  for 
an a verage worker and i s  consequently unattai nab l e .  Modern hous i ng can on ly  
rea l ly  be afforded by companies  for  thei r empl oyees . Many countries  i n  
Afri ca have to i mport many of thei r bui l d i n g  materi a l s  for the most bas i c  
house and due to the cri pp l i ng fore i gn exchange prob l ems these costs are 
enormous . Materi al s s uch  as cement ,  g l a s s , t i n  roofi ng , pl a s t ic  fl oor ti l es 
o r  pi pi ng cannot be used i n  l ow cost h ou s i ng .  Envi ronmental res trai nts 
exc l ude others l i ke t i mber , as  the deforestation  of  areat areas of  the 
conti nent rul es  out wood for e i ther burn i ng bri cks  or for s tructura l  purposes . 
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Fi (jure 4 Hausa HOl lse P l  an 
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Thi s l eaves earth and , to a l esser degree , gras s ,  reed , l i me ,  and some 
smal l t i mber secti ons as the avai l ab l e  construct ion  materi al s .  

123 

Attempts to bui l d  a tru ly appropri ate structure u s i n g  only l ocal  materi al s 
have been scorned by authori ti es , cons u l tants , and contractors al i ke .  The 
probl em of overcomi ng the "mi n i ma l " connotation  of us i ng earth structures i s  
very rea l  i ndee d .  The authori t ies  i nvari abl y  regard these proposa l s  as 
condescendi ng :  Doesn ' t  i ndependent Afri ca deserve at l east the same modern 
bui l di ng materi a l s  as the deve l oped worl d? Conservati ve contractors prefer 
usi ng tri ed  and tested materi a l s wi thout ri s k .  Al s o ,  the true savi ngs i n  
u s i ng  earth a s  a medi um are negated by i nfl ated costs or i n surance added by 
the bui l der.  Tradi ti onal crafts , rare l y  used , have tended to d i e  out .  
Consul tants prefer to  concentrate on l arger more prest ig i ous jobs and s o  very 
l i tt l e  constructi ve th i nk i ng has gone i nto l ow-cost hous i ng des i gn .  

Land i s  readi l y  avai l ab l e ,  a s  i s  earth a s  a bui l di ng materi a l , and there 
i s  p l enty of l abour due to h i gh unempl oyment and the popul ati on exp l os i o n .  
These  are the seeds o f  a sol uti on , provi ded that the prejudi ce agai nst mud 
can be overcome . The way through thi s di l emma can be seen i n  severa l  examp l es 
from across the conti nent , where for centuri es l aymen have bui l t  
sens i ti vely p l anned houses out o f  bas i c  materi a l s  and c reated true exampl es 
o f  q ua l i ty vernacul ar archi tecture ; a tradi tion  that must be conserved . 

Three schemes typi cal of many throughout Afri ca are the Hausa compounds 
i n  Ni geri a ,  the Tswana hous i ng i n  Botswana , and the Ndbel a dwe l l i ng s  i n  
South Afri ca , have the fol l owi ng s imi l a ri ti es o f  ; -

a )  They are sel f-desi gned and sel f-bui l t ,  non-pedi greed arch i tecture ; 

b )  They have a b i l ob i a l  pl an wi th i ts hei rarchy o f  spaces , from publ i c  
to pri vate , g i v i ng a sense o f  pri vacy ,  terri tory ,  and 
ne ighbourl i ness ; ( Fi gure 3) 

c )  They are economi cal s i nce they u s e  readi l y  avai l ab l e  earth a s  the 
major  bui l di ng materi al ; 

d )  T h e  decoration  of the earth structures decl ares the author ' s pri de 
i n  h i s or her creat ion  

The  most i nteresting  of the  Hausa  peopl e ' s  mud-bui l t  archi tecture i s  
s i tuated at Zari a i n  the Northern Savannah regi on o f  Ni geri a .  As i n  the 
Mal i an town o f  Mopti , the Hausa houses or compounds c l uster a l ong busy foot
Qaths around the town ' s  two mai n  focal poi nts ; the mosque or oal ace and the 
soci a l  economi c centre , the market p l ace . 

The compound pl ans genera l l y  fol l ow the des i gn of two courtyards w ith  
thei r  characteri sti c hei rarchy o f  spaces l eadi ng from pub l i c  to semi - pub l i c ,  
to semi -pri vate , and pri vate areas . ( Fi gure 4) . The entrance i s  norma l ly 
crowned wi th an i mpress i ve thatched roof under which the head o f  the house
hol d  practi ces h i s trade o r  craft and meets the pass i ng worl d .  The fi rst 
court i s  a trans i ti onal semi -pub l i c  space wi th severa l rooms for servants , 
guests , adol escent boys , and someti mes a horse or cow . The q uarters for the 
head of the househo ld  open o ff the fi rst court and have a meeting  a rea for 
i mportant guests , whi l e  the i nner courtyard houses the wi ves , gi rl s ,  boys 
bel ow the age of puberty , chi cken s ,  k i tchens , and granneri es . The pri vacy 
and tranqu i l i ty of the courtyards form a haven from the bustl i ng roads , a 
serene open-ai red space , pri vate and secure .  The earth-bu i l t  wa l l i ng 
p rovi des a uni fyi ng e l ement to the compound that i s  del i ghtfu l l y  decorated 
wi th scu l ptured rabbi t  ears , bas-re l i ef ,  mura l s ,  and vari ous roof forms . Al l 
i n  al l a publ i c  demonstrati on o f  the owne r ' s pri vate p l easure i n  h i s  
archi tecturp ( Fi gures 5 and 6 ) . 

F i gure 5 Hausa archi tectural e l ements 
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&ntronce. 
Fi gure 7 Typi ca 1 Tswana House Pl an  

F igure 8 Fl oo r  Pattern 

The tree of l i fe grows from man ' s  
heart 

Adobe 90 

The  earth wa l l s  a re bui l t  from egg-shaped bri cks the s i ze of a me l on that 
are made a t  borrow pi ts from earth that i s  trampl ed wi th water to form a 
workab l e  mi x before bei ng roughly  mou l ded and l eft to dry for at l east  two 
wee k s .  Mortar of a s i mi l ar mi x i s  used for l ayi ng the bri cks di rectly on a 
450 mm deep foundati on trench . No more than three courses a re l a i d  each day , 
but the wal l s  are pl astered aga i n  wi th the same mortar both i nterna l l y  and 
external l y .  

Both straw/thatch a n d  mud a re used for roofi ng , the l atter bei ng a pp l i ed 
i n  two l ayers 50 mm and 75 mm th i ck s upported on sp l i t  pol es wh i ch a re t ied  
i nto the  mud wal l s .  

Fi gure; 6 ( l eft ) Typi cal  hausa mura l  

Further south i n  Botswana the Tswana peopl e have for centuri es been 
bu i l di ng b i l ob i a l  dwel l i ngs  s i mi l ar to those of the Hausa usi ng s i mi l a r  earth 
materi a l s ,  yet wi th more subdued but equa l l y  hea rtfe l t  decorati on . ( Fi gure 7 )  

Women do a l l the bu i l di ng and cra fti ng i n  mud .  They col l ect the materi a l , 
mou l d  the b l ocks , erect the wal l s ,  and they do the pl a steri ng and co l ouri n g .  
T h e  wal l i s  bui l t  from a mi xture o f  sand or c l ay a n d  water,  a l though cow 
dung i s  often added to the m i x .  The soi l i s  carri ed i n  bas kets on the i r  
heads to the bu i l d i ng s i te .  Foundati on trenches 1 00 mm deep a re dug , l evel l ed ,  
and l i ghtly compacted . 

Two types o f  bricks  o r  b l ocks a re used for the wal l ;  wet ( tradi ti onal ) o r  
d ri e d .  Wet bri cks a re mou l ded b y  h a n d  about 300 m m  x 50 m m  i n  s i ze a n d  l a i d  
o n  top o f  each  other wh i l e  sti l l  damp , p l aste red and a l l owed t o  dry - th ree 
courses at a t ime .  

Bri cks may a l so b e  s haped i n  a s i mp l e  mou l d  o f  wood . Water i s  not 
pressed out as th i s  wou l d  reduce the strength of the bri cks . The bri cks are 
dri ed i n  the s un then l a i d  i n  a mortar o f  the s ame mi xture as the bri ck .  
There i s  very l i ttl e di fference i n  strength between the wet o r  s un-dri ed 
bri c k ,  a l though some i nveterate i mprovers s ay it is eas i e r  to cut out and 
re- use the sun-dri ed type . 

The wa l l  i s  a l ways covered wi th  two or three l ayers o f  p l aste r ,  both 
i ns i de and out .  The  pl aster is  put on by  hand  and a fi n i s h i ng coat  of sand , 
water ,  and cow dung i s  used , wh i ch covers any cracks or craz i ng and g i ves the 
house a smooth l ook . Women wi l l  go to great l enghts to decorate thei r wa l l s ,  
and compl ete redesi gns wi l l  be done for spec i a l  occas i ons such a s  b i rths , 
i ni tiation  ceremoni es , graduati ons , weddi ngs , funera l s ,  or even at the sta rt 
of the p l anti ng season . 

Thi s concern wi th beauty i s  i l l ustrated by the descri pti on by an o l d  
woman who tol d  how she col l ected the mud when col ouri ng her house and the 
other houses i n  the yard . "The brown mud I col l ected i n  Sekwane ( about 35 
km away ) and the pa l e  brown from Muchudi ( about 30 km away ) .  The bl ack  mud 
I co l l ected from South Afri ca where I went to stay wi th my mothe r ' s s i ster .  
The other type , the  yel l ow-ochre ,  was  col l ected from a boreho l e  north of th i s  
vi l l age . We went there to col l ect mud , but we a re not a l l owed to by the 
owner of the boreho l e .  The i vory whi te was col l ected from a stream 
whi ch  passes through my fi e l ds at the l ands " ( Reference 3 ) . 

Roofs a re thatched and  h a ve b i g  o verhangs to throw the rai nwater from 
hea vy storms we 1 1  c 1 ea r of the base of the wal L The fl oors of the houses 
a re rammed soi l ,  f i n i shed wi th a mi xture o f  cow dung and water spread wi th the 
hand in beauti ful  patterns gi vi ng a hard ,  odourl ess , dust-free s u rface that does 
not attract fl i e s  ( Fi gure 8 ) .  

F i g ure 9 Typi ca l  Tswana House 



History and Traditions 

The Ndebe l e  peopl e  of the Northern Transvaal of South Afri ca have 
deve l oped the bi l ob i a l  theme i nto a very soph i sti cated and refi ned a rt form. 
A seri es of terri tori a l  stateme lts i s  made defi ni ng the hei rarcy of s paces 
that form thei r dwe l l i ngs ( Fi gure 1 0 ) . 
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Fi gure 1 0  P l an of Ndebe l e  Dwe l l i ng 

ENTRANCE. 

The pub l i c  area i s  a hand-crafted l ow p l atform that i ndi cates the house 
is being approached ; a second a rea i s  entered through gate posts and has a l ow 
wal l .  Thi s i s  where the women of the househo l d  do thei r chores , supervise  the 
chi l dre n ,  and soci a l i se wi th the settl ement. Further zones wi th h i gher and 
hi gher wal l s  l ead to the front court wi th the dwel l i ngs bui l di ngs formi ng one 
s i de of the court . A seri es of rear or s i de courts radi ate from the mai n  
dwel l i n g ,  each hous i ng a ki tchen , a dwe l l i ng for the e l dest daughter o r  grand
parent,  or l i vestock compound. Thi s bui l di ng type res ponds to envi ronmental 
condi t i ons to a remarkab le  degree and the exhuberant decorati on i l l ustrates the 
de l i ght of the Ndebe l e  peopl e  for thei r creati o n .  

D r  Hassan , the g reat Egypti an arch i tect,  has shown hi s bri l l i ant 
i deas for bui l di ng in  earth and taught the construction of an earth vaul t 
wi thout usi ng any timber formwork . Several attempts at bui l d i ng earth domes 
and vau l ts i n  areas wi th heavy rai n fal l have fai l ed and the di s covery of a 
coveri ng that uses nei ther cement or timber ( for burni ng ti l e s )  wi l l  open up 
the whol e fi e l d  of bui l di ng l ow-cost houses . Experi ments wi th s i sal  fi bre , 
l i me , or pozzal ano cement , where avai l ab l e ,  have made some progress ;  ti l es 
burnt wi th heat generated from a methane bi ogas di gester have been manufactured 
but are not n S yet sati sfactory . 

Hi story has been i ndi fferent to i ndi genous housi ng devel opments wi th very 
1 i tt 1 e recorded materi a 1 ,  preferri ng to concentrate on the "nob l e "  a rchi tecture . 
Thi s  i s  perhaps the reason for the current negl ect of earth as a val uabl e 
constructi on material  i n  the Thi rd Worl d .  I t  i s  i roni c that mud i s  compl etely 
accepted by the hotel i ndustry for thei r l uxury hotel s serving  Fi rst  Wor l d  
touri sts and a l so by c i ty dwe l l ers for thei r country retreats where , desp i te 
the l ack of hi gh-tech l uxuri es i n  thei r spl endi d apartments , the envi ronment of 
the structure enabl es them to rel ax in serene surround i ng s .  

Retention o f  the qual i ti es o f  earth a s  a n  acceptabl e  constructi on materi a l  
i s  a necess i ty .  Conservati on of the trad i ti on of bui l di ng i n  earth whi ch i s  
freely  avai l ab l e ,  pl asti c ,  easi ly  worked , economi c and beauti ful i s  a nec
ess i ty not for the sake of quai ntness but the retenti on of a spontaneous 
a rchi tecture . As Dr Fathy has sai d ,  the cost of bui l di ng the present ug l y  
town devel opments wi l l  dri v� us to bui l d  more beauti ful homes i n  mud a s  thi s 
wi l l  be a l l we can afford. 
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ABSTRACT 

The Dar al I s lam community , 
located near Abiquiu , New 
Mexico , was first conceived 
by Abdul lah Nuridin Durkee 
and Sahl Kabbani in 1 9 7 9  and 
implemented through grants 
from many individual s  and 
I s lamic foundation s . The 
founders commis s ioned the 
well-known Egyptian archi
tect Hass an Fathy to des ign 
the pro j ect , and he visited 
the s ite in 1 9 8 0  with two 
Nubian masons to present his 
plans and demonstrate his 
techniques o f  building in 
mud brick . After a promis
ing s tart and the construc
tion of  the mosque , which 
was to be the focal point of 
the community , problems in 
building procedure began to 
emerge , greatly increas ing 
construction time and cost 
of  what was intended to be a 
low-co s t , self -help village . 
The source of these problems 
is  indicative of  the obsta
cles  facing those who 
contemplate s imilar proj ects 
in the southwes tern United 
State s . 

KEYWORDS 

Dar al I s lam ,  Hassan F athy , 
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1 .  Village p l an a s  revised , 
provided by the Dar a l  I slam 
Foundation . 

THE LESSONS OF DAR AL I SLAM 

James McLeod Steele Jr . 
Texas Tech University 
College of Architecture 
Lubbock , Texas 7 9 4 0 9  U . S . A .  

The idea behind Dar al  I s lam was first conceived b y  Abdul lah 
Nuridin Durkee , after a chance meeting with Saudi busines sman 
Sahl Kabanni in Makkah in 1 9 7 9 . Both men then discussed the 
pos s ibility of a seed community for American Mus l ims who had 
previous ly been fragmented and seemingly cut o f f  from the main
s tream traditions of their religion . Initially visuali zed a s  
both a rel igious and educational as wel l  as a residential center , 
the community began to emerge a s  one that would provide a cul
tural focus for more than one hundred Mus l im fami lies and would 
be a model for others of kind throughout the United State s . 
After a great deal of effort , the search for a suitable s ite for 
such a proj ect led its founders to select 1 , 2 0 0  acres of  land in 
the Chama River ValleY near Abiquiu , New Mexico , f ifty miles 
north of  Santa Fe , which was purchased with funds made avai lable 
by Kabbani , a s  wel l  as the Princes s e s  Mothie ,nd Johara , who are 
the daughters of  the late King Khalid ibn Abuul A z i z  of  Saudi 
Arabia . Because of its relative seclusion and the simi larity of 
its terrain to other I s lamic countries such as Tunisa , Algeria , 
Morocco , Syria , I raq , Iran , Afghanis tan , and parts of Pakistan , 
thi s  s ite seemed ideal to all  concerned . As Durkee himsel f  has 
said : 

In addition to its phy sical asset s , that is , the 
nece s s ary land , water , and soil for cultivation , 
construction and habitation , the Abiquiu site has 
geographic , climatic , and cultural characteri stics 
that make it ideal for an I s lamic Center . Located 
at the s ame latitude as many of  the maj or I slamic 
regions of  the world , it also shares a s imilar 
topography , c l imate , and long history o f  mud brick 
architecture . ( 1 )  

Even before an architect for the complex was chosen , the 
heart of the new community was intended to be a rrosque , as well  
a s  a madre s s a , or rel igious school , and a r iwaq , or l iving quar
ters for the s tudents and teachers us ing t�chool . In addi
tion to these rel igious and educational institutions , an adminis
trative center to inc lude an Institute of  Advanced I s lamic 
S tudies , as wel l  as houses , shops , a women ' s  center , library , and 
c l inic were also cons idered e ssential to the e stablishment of the 
new vil lage . Because of his venerable reputation a s  the leading 
architect in the I slamic world at that time , as wel l  as his long 
exper ience in us ing mud brick construction , Has s an Fathy was 
unanimously cons idered to be the mos t  logical choice as the 
des igner of Dar al I slam ,  and after having been introduced to 
Abdul lah Nuridin Durkee by j ournalist Abdullah Schleifer in Cairo 
in 1 9 8 0 , Fathy enthusiastically agreed to do so without a fee , 
because of his deep belief in the ideals involved in the proj ect . 
Soon afterward , in June 1 9 8 0 , Fathy visited Abiquiu and presented 
his proposals  to the prospective residents there , while also 
showing the construction methods to be used . These were demon
s trated by two Nubian masons (Mua l l ims ) who accompanied him and 
were based on a system that has been used in Egypt s ince 3 0 0 0  
B . C .  In this system , which i s  eloquently described in Fathy ' s  
book Architecture for the Poor , as used in his vil lage of  New 
Gourna on the wes t  bank of Luxor , a vault serves as the base 
unit , and the construction of  thi s  vault begins with the erection 
of a " kick-wa l l "  built up to the desired height of the space to 
be constructed . Once this kick-wall is complete , the masons , 
usually working in pair s , do a free- form outline of the parabol ic 
vault in mud on the wall  as a guide . Although thi s  may sound 
s imple ,  the proper shape of the curve is crucial  for s tructural 
succes s  and learning how to lay it out without surveying tool s  of 
any kind requires long hours of  practice , usually received in a 
father-to- son apprenticeship arrangement . 

After this mud guidel ine has partially dried the mual l ims 
dres s  the rough edges with sharp adze before applying the first 
course of  mud bricks to it . The bricks of  this first course , and 
of each success ive cours e  of the vault , differ from those used in 
the cons truction of the wal l s  in that they have a higher propor
tion of straw to mud , which makes them much l ighter , and each 
brick is scored with two f inger grooves by the mua l l ims , while 
still wet , to give more friction and adherence to the mud mortar . 



2 .  Mosque Elevation and 
Section . Courtesy Hassan 
Fathy and the Aga Khan Award 
for Architecture . 
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A s tarter brick is then laid straight up at the base of the 
vault l ine on both s ide s , and mud mortar is pacyed on it to form 
a wedge that is thinner at the top of the bricks and wider at the 
bottom . This sets the angle for each of the vault courses  to 
follow , ensuring that they incl ine toward the kick-wa l l  in com
pres s ion , rather than remaining perpendicular to the ground , 
which would make them collapse . 

As each course of bricks is added , the mual lims gradually 
make the mortar thicker at the base of  the arch than at the peak 
to make sure the entire assembly is  leaning on the end wall , as 
wel l  as staggering the j oint l ines between each row of bricks to 
a s s i s t  bending . This calculated incl ine of the vault as it is 
put into place accounts for the characteristic mas s ive vertical 
end wall and s loped front edge of  the vaults that are usually 
found in the mud-brick buildings around Aboul-Riche and Gharb 
Aswan in Upper Egypt . ( 2 )  

The presentation o f  this technique was made to more than 3 0 0  
people who included architects and adobe builders from all over 
the United States and Mexico as well  as government of ficials 
interes ted in the economic potentital of  the system and , of  
cour s e , the intended res idents and board of  directors of  the 
community . The presentation also began to evolve from a construc
tion workshop into a teaching ses s ion , in which Fathy gave a 
series of lectures that compres sed a half century o f  hard-won 
exper ience into a s tream-of-consciousnes s  summation of the archi
tect ' s  mos t  personal beliefs .  Perhaps seeming somewhat dis
j ointed and irrelevant to many of  those in attendance , who had 
l ittle or no knowledge of the remarkable background of the speak
er , these lectures nonetheless  went to the heart of many of the 
ques tions that were later to emerge as problematic i s sues for the 
community . One man in the audience , for example , made the obser
vation that the mosque being proposed by Fathy was the result of 
thousands of  years of  evolution in a certain environment and 
culture , and had its own j u s t i f i cation as a spiritual and cere
monial building , but that "most of  us here are not concerned with 
ceremonial buildings but with the places people l ive in , a s  well  
a s  the whole question of  solving the problem of  re-developing the 
village economy as wel l  as its architecture . " ( 3 )  While not 
directly responding to this statement , Fathy answered that 

. the solution to any problem requires time and 
e ffort and cannot be achieved overnight , especially 
when we have had two-hundred years o f  cultural aliena
tion . I personally cannot solve i t ,  because it has 
gained a great deal of  momentum , like a steamroller 
pre s s ing an entire culture in front of  it . People 
make excuses  today by saying that everybody is  now 
the s ame , but I say , no s i r , this is e scapism and we 
mus t  not avoid our responsib i l itie s . We should never 
be chauvinistic or exclusive , but have to be open 
minded about tradition . I f  something doesn ' t  work 
we mus t  wipe it out with the conf idence that it is  
not worthwhile keeping . ( 4 )  

Both themes ,  o f  a concern for comfortable habitat on the one hand 
and the appropriatene s s  of cultural traditions on the othe r ,  
continue t o  reappear throughout the brief history o f  Dar a l  I slam 
and o ffer an important key to understanding the les sons that it 
provides .  

In  addition to the inspiration provided by these lectures 
and the feeling of  high expectation and cooperation that the 
workshop provided , the immediate tangible legacy o f2 thi s  official 
inauguration of  the community was the elegant 220  m Mas j id ,  or 
Mosque , that still remains the spiritual heart o f  the complex , 
s tanding a s  a graphic reminder of the s tructural and spatial 
pos s ibilities that once exi sted . Ingenious ly de s igned to achieve 
the separation of the sexes required in a l l  re ligious and secular 
public bui ldings in the I s lamic world , the Mosque is  dominated by 
a large dome which is  built over its main prayer area . As in the 
construction of a maj ority of his dome s , Fathy uses the Sas s anid 
method here , so that the corners where the arches meet to form 
the springing of the dome are first leveled off and then bridged 
with hal f domes to form squinche s . These squinches then in turn 
c reate an octagonal base on which the s tructure sits . ( 5 )  Regard
less  of the deceptively s imple success of the vault and dome 
construction of the Mosque , however ,  the American masons were 
unable to continue the example of  their Nubian instructors , and 
structural revi s ionism s l owly began to creep into the construc
tion proce s s .  Expensive plywood template s , which still  litter 
the s ite , were soon substituted for the parabolic curves that the 



3 .  P lywood forms for arches . 
Photo : James Steele . 

4 .  Barrel vaults . 
Photo : James Steele . 

Nubians produced , and had to be used to form all  future arches 
and springing lines of  vaults . Smal l  details that went unobserved 
during the Nubian demonstration also soon began to have unexpected 
and drastic consequences on construction progre s s . S core marks 
have always proved essential for the adhesion of one brick course 
to the next in vaults and domes in the past ; they have been 
etched on the face of  mud bricks by Egyptian , Nubian , and Hebrew 
masons in Egypt for 5 , 0 0 0  years and can s t i l l  be seen in the 
remains of the storehouses of the mortuary complex of Pharaoh 
Ramses II in Luxor , built between 1 2 9 0  and 1 2 2 5  B . C .  but at Dar 
al  I slam they were eliminated with disastrous results . ( 6 )  Mortar , 
on the other hand , while es sential on the brick faces of these 
same vaults and domes , proved dangerous when applied to the ends , 
because its inevitable shrinkage caused loss of contact and 
ultimate fai lure . Signi ficant changes in the compos ition of the 
mud brick itsel f ,  such as the expensive addition of l ime stone 
aggregate suspended in a lactic acid emuls ion with long cel lulose 
f ibers added to cope with thermal expans ion , were made to offset 
the poor adhes ion of  the local soil . The final result of the 
initial fai lures that occurred seems to have been a basic di strust 
of  the traditional system proposed by Hassan Fathy and succe ss
fully used by him in numerous maj or proj ects in Fgypt . This 
distrust is espec ially evident today in the full lining of  lami
nated plywood used as shuttering to permanently support the long 
barrel vaults covering the kitchen and dining area at the end of  
the vil lage center , as well  as  in the steel reinforcing bars that 
proj ect out of unfinished adobe wal l s , and in the concrete slabs , 
corner columns , and lintel beams that reduce the final high tech 
mud brick infill to a symbolic remnant of  its former sel f .  

The per s i s tent concerns voiced about comfort levels  i n  the 
cold nights and winters of New Mexico , which were raised during 
the opening ceremonies for the center , have also been put to rest 
by the instal lation of  costly , electrically heated radiant mesh 
embedded in all  concrete s labs . Commercially produced , f ired 
clay bricks that are now in evidence in the uncoated domes of the 
arts and crafts center next to the main dining room also give 
clear testimony to the ultimate extent o f  the builders ' distrust 
of  mud brick , and the conceptual distance that has been traveled 
between the architect ' s  original intentions and the realities 
perceived by decision makers at Dar al I s l am later on . To be 
fair , many of  the alterations made , such as concrete floor slabs , 
corner posts , and ring beams , were required by New Mexico ' s  
building code , which , whi le permitting adobe construction , con
verts it into something quite different from its traditional 
counterpart .  

Perhaps nothing proclaims thi s  convers ion more unmistakably 
than the regulations related to coatings , and it is these that 
have had the most disastrous consequences on the overall phys ical 
appearance of  all the buildings o f  Dar al  I slam ,  making what 
should be a soft and natural earth plaster surface look l ike 
pressed plastic . While making a token gesure at acceptance of  
adope as  a building material , thi s code , especially in its atti
tude toward coatings , betrays a pre j udice that is unfortunately 
pervas ive among all highly industriali zed societies in the devel
oped world . In  the southwestern United States , that pre j udice is  
usually rationalized by bui lding authorities by reference to 
studies that track in great detai l  the deterioration of a s ingle 
mud brick submerged in water . As Jean-Louis Bourgeois has noted 
in his excel lent assessment of  the inherent fallacy behind the 
use of  such evidence as proof of  the supposed weakness of  adobe 
and the unsuitability of natural mud plaster as moi sture protec
tion in temperate climates , dissolving a s ingle brick by constant 
immers ion in water is an unfair way to evaluate the stabil ity of 
an entire wal l  system intermittently dampened by rain . As 
Bourgeois has said : 

The tests are accurate . They are just irrelevant . 
such behavior has little to do with the performance of  
an adobe wal l .  No brick that supports any weight in 
a s l anting wall  ever gets that wet . How a s ingle 
adobe brick resists water attacking from s ix s ides 
has little to do with how a mas sive adobe wall res ists 
rain from one s ide . . . .  Adobe bricks function as a 
structure . . traditional adobe is not j ust a material . 
I t  is a system .  ( 7 ) . 

The consequence of the acceptance of such tests by those 
enforcing building codes has been the requirement that cement 
plaster be used as a coating for . adobe rather than the more 
natural and historically proven finish of mud plaster that allows 
the adobe wal l  to breathe and dry out normally through evaporation 



5 .  Buttres s  wall and 
concrete lintel beam . 
Photo : James Steele . 

6 .  Cement p l aster coating . 
Photo : James Steele . 
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after being wet by rain . Because it is also thermal ly incompat
ible with the mud brick that it is supposed to protect ,  cement 
plaster frequently cracks , allowing water into the wal l  that 
cannot then escape . Such cracks are already in evidence in many 
of the wal ls  now coated with cement plaster at Dar al I s lam .  In  
severe cases , thi s trapped water causes the adobe to dis integrate 
and collapse . 

As a result of the combined effects o f  disil lusionment with 
.the lack of progress on the construction , as we ll  as the a larming 
cost overruns caused by building code restrictions , the backers 
of the pro j ect began to have second thoughts . These doubts were 
not helped by l i fe- style differences o f  the woulu-be res idents in 
comparison with the people in the country for which such self
help mud brick architecture was originally intended , and the 
distrust of adobe that seems inherent in contemporary society in 
the western hemisphere , which did not impres s  financial support
ers who are accustomed to seeing concrete , glass , and steel 
construction finished with great speed in the ir own country . In  
the s ix years fol lowing the completion of the Mosque in 19 8 1 ,  
only half o f  the village center had been completed at great cost , 
with an estimated $ 6 3 0 , 0 0 0  in 1 9 8 7  dol lars then being required to 
finish the remaining part of the core area . ( 8 )  As these second 
thoughts began to turn into intractable doubts about the future 
of the proj ect and tempers flared , founder Nuridin Durkee saw no 
alternative but to res ign from the Board of Directors of Dar al  
I s lam in 1 9 8 9 , preferring the peace and quiet of research and 
study in Cairo to further frustration and disappointment in 
Abiquiu . In recently reviewing the basic differences between 
us ing mud brick in the way proposed by Has san Fathy and that 
required in New Mexico , Durkee echoed most of the reasons already 
li sted here and proposed that locally produced pumice , or tufa , 
brick which is cons idered by building authorities to be more 
impervious to water damage than adobe , be seriously cons idered as 
an alternative material in the future . ( 9 )  Durkee ' s  res ignation , 
as wel l  as this final pos ition on the use of mud brick in Dar al  
I s lam is a sad commentary on a vis ion that once held so much 
promise and a material that has come to symbolize the southwest
ern United States in the mind of the general public . 

Conc lus ion 

The lessons provided by Dar al I s lam ,  then , to those contemplating 
the use of adobe construction in this region of America , and 
particularly those enamored with the sel f-help techniques as soc
iated with the work o f  Hassan Fathy , are certainly harsh . While 
it would seem to be easy to fault the builders of the community 
itself for their failure to carry on with the original intentions 
o f  the architect and his gift o f  an inexpens ive structural system 
that had taken him an entire l ifetime to perfect , this would be 
too s impli stic . Also faulting the restrictive building codes of 
the area , which are admittedly disrespectful of a material that 
they proudly claim to " improve , "  is also unreal istic . The funda
mental flaw behind the fai lure of Dar al I s l am certainly inc ludes 
both of these factors but fina l ly goes beyond them to the basic 
que stions of the appropriatene s s  of us ing Has san Fathy , along 
with his methods and style , in the proj ect at the outset .  By 
choos ing thi s  undeniably remarkable architect ,  the founders of 
the proj ect were choos ing to believe that the prospective resi
dents o f  Dar al I s lam would also embrace his ideas of sel f-help 
hous ing built with natural ,  available materials , as wel l  as the 
Spartan lifestyle of the Egyptian peasant . As Abdul lah Schleifer , 
who introduced Nuridin Durkee to Has san Fathy in the first place , 
has so perceptively noted , construction at Dar al I s l am is not 
proceeding in accord with 

the mutual aid cooperative system outl ined Ly Fathy 
in his writings . �his sytem requires pre-existing 
communal ties and traditional social structure , a 
neighboring parent village for sate l l i te settlement , 
tribal or c lan re lationships and a subsistence economy 
that provides . . the time and the available willing 
labor for cooperative work . The Abiquiu proj ect 
unfolds in a social void . ( 1 0 )  

A s  F athy himself said i n  his lectures that inaugurated the pro j ect , 
such a void cannot be fi lled overnight . 

In a deeper sense , F athy was obvious ly chosen as the archi
tect of Dar al  I slam not only because of the economic appeal of 
the s tructural system that he had resurrected , but also because 
he had then come to be recogni zed as " the Father of Contemporary 
I s l amic Architecture " for his Herculean efforts in encouraging 
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all o f  the countries in the Mus l im world to search for an expres
s ion of  their unique architectural identity . ( 11 )  These e fforts 
have not only made him a role model for countless number s  of 
young architect s  throughout the developing world , but have also 
made him an enduring symbol of  high achievement to Mus l ims every
where . 

In h i s  lectures at Dar al I s lam , Fathy also stres sed that 
the plans for the village he had des igned stood for far more than 
j ust a construction proj ect , but also represented "a mis sion" for 
all concerned . ( 1 2 ) While the failure of  that mis s ion still may 
not be cons idered a foregone conc lus ion , its completion really 
does now appear to be all but impo s s ible . The current s tate of  
a ffairs at Rio Chama mus t  be disappointing for the intended 
residents of Dar al I s l am ,  but if this vil lage is left unfinished 
it will mos t  certainly represent the final frustration in the 
career of Hassan F athy and s tand as one more haunted community 
left needles s ly abandoned in the wilderne s s . 
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ABSTRACT 

The obj ecti ve of thi s work i s  
the profes sional and sc ien
tific community with the 
characteristics of exi sting 
traditional construction 
which is  part of  the cultu
ral heritage in the territo
ry of  the Socialist Republic 
of  Macedonia . Thi s tradition 
is  distinguished by certain 
architectural , structural , 
cultural , and historical va
lues . Sun-baked ( adobe ) c l ay 
is the main construction 
material . 

An initial inventory of  
this  cultural heritage 
showed us that earth as a 
main building material is  
used in various forms as 
adobe brick for the constru
ction of bearing wall s , pa
rtition wall s ,  for infill 
in timber-framed structure s ,  
and a s  a main material for 
mortar and plaster . The 
inventory also shows that 
such s tructure s  have s ig
ni ficant architectural , 
structural ,  physicochemical 
characteristic s . 

Located in Macedonia ( a  
region prone to earthquakes 
ranging from 6 to 10 degrees 
of  MMS intensity ) , these 
bui ldings have some traditi
onal a s e i smic elements and 
systems which have al lowed 
them to survive many earth
quakes such as the recent 
Skop j e  earthquake in 1 9 6 3 . 
For this reason , our future 
task is to obtain informa
tion through scienti fic re
search about the characte
ristics of  these structures 
to better understand , 
protect , and conserve them 
as valuable traditional 
anti s e i smic elements and 
sys tems . 
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The territory o f  Socialist Republic of Macedonia , Yugos lavia bears 
material witnes s  to architectural achievements from the ancient 
times to the present . I t ' s  mos t  famous for its rich archaeological 
site s , the extraordinary medieval churches and monasterie s , fre s 
coe s and icons , urban and rural architecture of  the nineteenth and 
early twentieth centurie s . However , there is no explanation why 
adequate attention has not been paid to sun-baked ( adobe ) s truc 
tures in our Republic . 

Earth mixed with water and various additives has been used a s  
a bui lding material f o r  more than 10 , 0 0 0  years and i s  s t i l l  i n  
use .  More than one-third of  the world ' s  population i s  s t i l l  living 
in adobe and s imilar structures .  The systematic inventory which 
has been carried out s ince 1 9 8 7  has proved that on this very ground , 
throughout almos t  the whole territory , there are individual 
examples and even whole villages ( the village of  Konj ari near Ue
bar ) , which con s i s t  of  adobe s tructure s  of not only historic and 
cultural but also architectural structural values worthy to be 
further investigated and protected by law .  

Functional ,  architectural and structural characteristics 

Sun-baked bricks are most frequently used as a basic material for 
the construction of  s imple or very complex ground floor or multi
storey s tructures ,  which are mostly rectangular and are s ituated 
either individual ly or in rows . The ground floor and basement are 
almost always used for household production activities or as a 
ware house or pantry , whi le the porch serves for tool storage . The 
kitchen is mos t  frequently located on ground floor , too . The upper 
floors are usua l ly uti l i z ed as a l iving room , dormitory , or summer 
res idence . 

There are examples of s tructures with bay windows , typical for 
the residential buildings of  the urban and the rural architecture 
of timber-frame s tructures of smaller proportions .  The se windows 
are made s k i l l fully and incorporate wel l  into the total outline of 
the s tructure . We often encounter buildings consi sting of a ground 
floor and two stories , for instance . A bui lding in the village Cu
cer near Skop j e  ( see fig . 1) which is more than eighty-five years 
old and has a basement , a ground floor and two s torie s ,  di splays 
impres s ive architectonic characteristics of  mas s  and perforation 
di stribution , as well  a s  other extraordinary value s .  Thi s is  the 
tal lest building of this type that has ever been observed in the 
Macedonia region . 

Although the whole territory of Macedoni a ,  especially the area 
surrounding Skop j e ,  is seismically active with high magnitude 
earthquakes ( 9  Merca l l i  degrees ) ,  the Cucer structure suffered no 
damage during the 1 9 6 3  earthquake . Scienti fic investigation was 
initiated to analyse the building ' s  structure characteristic s . 

Sun-baked bricks have also been used for the construction of  
the secondary s tructures ,  mos t  frequently in combination with 
timber structural systems ( see figs . 2 -4 ) . 

The openings o f  the residential buildings are of smaller pro
portions ( narrower and lowe r )  ( see figs . 1 - 3 ) than the common ones , 
while the height o f  the premises i s  the s ame ( be ing 1 . 9 -2 . 2  m .  for 
the ground floor premi ses  and 2 . 1 -2 . 4  m. for the upper floor pre
mi ses ) .  As a rule , the residential buildings are characteri zed by 
a hipped or complex roo f ;  only rarely was saddle roof with low 
cable wal l s  constructed . Tiles or s tone plates are exclusive ly 
used for roof covering . Most frequently , the facade , timber s truc
tural e lements of  the doors , windows , and fence carpentry were not 
coloured or plastered ( see figs . 1-4 ) . 

I t  has to be noted that a l l  s tructures ,  either res idential or 
secondary , are proportioned in compliance with human proportions , 
which i s  one o f  the main characteristics o f  the architectural tra
ditional heritage in Macedonia . 
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Types of s tructural and nonstructural elements 

S ince the First International Symposium on Earth Structure s  in 
Yazd ( I ran , 1 9 7 1 - 1 9 7 6 ) ,  and third in Ankara ( Turkey , 1 9 8 0 )  and the 
fourth in Lima and Cusco ( Peru , 1 9 8 3 ) , the foilowing c l a s s i fica
tion o f  the different types of  s tructural e lements was adopted : 

1 . 0  - Hand- formed in layers 
1 . 1  - s imple forming 
1 . 2  - earth bal l s , thrown and molded 

2 . 0  - Sun-baked bricks ( adobe or blocks )  
2 . 1  - cut from hardened soil 
2 . 2  - formed in mold 
2 . 3  - molded and compacted 

3 . 0  - Tapial-rarnrned earth 
3 . 1  - compacted by hand blows 
3 . 2  - mechanized. or vibrating compaction 

4 . 0  - Wood or c ane structure , wood or cane mesh closures 
plastered with mud or infil led by sun-baked bricks 

The results from the inventory of  Macedonia adobe s tructures 
shows that the following individual or combined structural and 
nonstructural elements are present in Macedonia :  under categories 
2 . 1 ,  2 . 2 ,  2 . 3 ,  3 . 1 ,  4 . 0 .  

The proportions o f  the bricks range from 8 / 2 0 / 8  to 1 4 / 3 0 / 1 2  
cm , depending upon the molds used which may have one or even ten 
cel l s . The quality of  molding is always higher when a mold with a 
smaller number o f  cells  i s  used . 

The thickne s s  o f  the weight-bearing wal l s  ranges between 6 0 -
1 2 0  cm . ( see figs . 1 - 2 ) i n  the lower basement premi ses  and 4 0 - 6 0  
cm . i n  the upper premi ses ,  whi le the wal l  thickne s s  o f  structures 
under 4 . 0  of the above c l a s s i f ic ation measures 1 5 - 3 0  cm . ( see 
figs . 1 -4 ) . 

The adobe structures are characterized by sun-baked brick 
weight-bearing wal l s  lying on foundation wal l s  of crushed stones 
in lime mortar . These wall s  are 1 m. high which is approximately 
the maximum level of  the capillary moisture in winter and spring
time . The base of  the block masonry is  protected against capillary 
moi sture , which is one of the most dangerous e f fects on thise type 
of structures ( see figs . 1 - 5 , 7 ) . 

Timber bond structural elements have been placed on almos t  
all  the bearing and non-bearing wal l s  at a vertical di stance of  
1 - 1 , 2  m . ; this  proved to be quite succes s ful in strengthening and 
providing stability to these s tructures . 

Other use of earth 

Earth mixed up with water , s and , hay , animal hai r ,  blood and urine 
has been used a s  a binding material for the sun-baked brick wal l s  
( see figs . 1 -7 ) . I t  h a s  also been used as a plaster ( see f i g s  1 -
2 )  and as the infilling of  the wood meshes (wattle s )  ( see fig . 5 ) . 

I n  urban area s , the facades are often plastered with l ime 
mortar or lime plaster so that sun-baked brick wal l s  would be 
better protected against the mechanical e ffect of  rain ( see figs . 
1 - 2 ) . 

Other characteristics and weaknes s  of adobe s tructures 

The earthen structures have some advantages and disadvantages .  
First of  all ,  they are good heat and sound insulators and are 
eas i ly and cheaply maintained , there are many sources of  damages 
which are merciless  in a f fecting these s tructures :  

- water ( in the form of  rain , running water , capi llary 
moi sture , or condensed wate r )  

- sun ( indirect damage caused b y  abrupt drying of  the damp
ened wal l s , cracks form after s everal cycles o f  moi stening 
and drying and contribute to the severe damage o f  the ele
ments to the total s tructure ) 

- wind ( dri fting hard s and and dust particles which damage 
the surface of the wall s  mechanically)  

- soluble salts ( by means o f  chemical disintegration ) 
- biodeterioration ( plants- insects-anima l s ) 
- inappropriate maintenance 
- floods and earthquakes 
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Elements which increase earthquake resistance of Macedonian earth
en adobe structures :  

- quality bui lding materials , good knowledge , experience 
and adequante use of additives ( organic and inorganic ) 
use o f  high qual ity wood , such as oak and pine 
maximum e f fort to e l iminate capil lary moi sture in the 
very first stage construction 
quality of manufactured construction of  weight-bearing 
wal l s  and structures ,  timber-frame and all other hori
zontal and vertical connections 
regular protection of  the adobe sur face against rain 
damage 
regular ( almost daily) maintenance 
use of horizontal wooden be lts , without exception , as 
the highest aseismic resi stance elements 

I n  the following text we will be more fami liar with the 
elements mentioned above . 

a )  As a principle , without exceptions , molds for surface 
sun-baked brick have one or two cell s . For other use bricks 
for ins ide of walls  are from molds with three and more cel
ls . The largest mold i s  with ten cells ( see figs . 1, 3, 4 - 7 ) .  

b )  Materials f o r  brick o r  mortar always incorporate c u t  straw 
or animal hair as reinforcing elements . 

c )  The foundation of all structure s are manufactured o f  stone 
in l ime mortar whose end is always 1 - 1 . 2  m .  above the gro
und level . This is higher than the maximum level of  ground 
capillary moi s ture in winter and spring time , and the con
tact zones of adobe wal l  with foundation are always dry 
and safe ( see f igs . 1 - 5 , 7 ) .  

d )  Brick wal l  adobe structure i s  of  high qual ity . Regularly 
spaced bricks are inserted through all cross section of 
the wall in horizontal and vertical section . The thickne ss  
of  the mud mortars are of  the same s i z e  and are of  good 
quality . 

e )  Almost without exception , a l l  wal l - bearing structure s ,  and 
partition wal l s  of adobe brick structures have horizontal 
wooden be lts 1 - 1 . 2  m. in vertical distance . A wooden grid 
( named kushak ) consi sts of  two parallel longitudinal 
beams 8 / 8 , 8 / 1 0 , 1 0 / 1 0  cm . connected to each other with 
smaller wooden elements 4 / 4  - 6 / 6  cm . spaced 6 0 - 7 0  cm . in 
the rectangular direction . Thi s wooden belt is in contact 
with the floor and roof construction . One wooden belt is 
located on the same level through all structure ; this is 
an extreme ly important antiseismic traditional element 
( see figs . 1 - 5 , 7 ) . 

f )  I n  many cases the surface structure i s  plastered with mud 
plaster (with cut straw or animal hair as an additive ) and 
a layer o f  l ime plaster ( 0 . 3 - 0 . 7  cm . )  manufactured during 
the wet stage o f  mud plaster . As a tradition , each user 
and owner o f  adobe structure in the spring time applies 
l ime wash to a l l  p lastered surface ; this ensures 1 year 
protection against damaging c l imate factors . 

g )  The final floors of the structure are bui lt with timber
framed constructions , with adobe brick or mud as infill  
elements and they have signi f icantly smaller thicknes s  
( 1 5 - 3 0  cm) . They have a very light construction , which i s  
a very logical and important principle i n  earthquake -prone 
regions:  to have l ighter structure on the top than on 
ground floors . 

i )  regular ongoing maintenance . 

CONCLUSIONS 

Initial inventory and research done 1 9 8 7 - 8 9  proved that in the 
territory of Macedonia ( region prone to moderate and strong earth
quakes ) signi ficant cultural heritage exists . Earth is the main 
building material used in various forms as sun-baked bricks , mor
tar and plaster , a l l  of which have certain valuable qual ities which 
are needed scienti fically to be confirmed , as a future task . This 
data will allow for better understanding , protection and conser
vation of this cultural heritage . The application of  these data on 
bui ldings and structures with the same or s imilar characteristics 
as a cultural heritage or standard modern adobe structures would 
be a contribution of the past to the future . 
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F ig. 1 - Most s ignificant adobe structure in Macedonia 

v.  Cucer ( Skop j e  region ) - Durakovci House , 
mas sive adobe weight-bearing structure in 
combination with timber-framed structure 
( final floor ) . Village Cucer is  located at 
8 km distance from Skop j e  1 9 6 3  earthquake 
epicenter . No visible damage . 

Fig. 2 - Typical traditional aseismic e lements 

v. Cucer ( Skop j e  region ) 
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Fig. 3 - Mixed structures 

v .  Gornj ani ( Skop j e  region ) - Combination 
of  mass ive adobe weight-bearing structures 
and timber-framed structure . Ground zone -
stone masonry in lime mortar . 

Fig. 4 - View to the valley 

v .  Kuceviste ( Skop j e  region ) - Stone masonry 
adobe wal l  weight- bearing structure and canti
lever ( erker)  of wooden structure with charac 
teristic diagonal wood elements . 
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Fig. 5 - High quality. of 
manufactured 
elements 

Fig. 6 - Typical rain protection 
v .  Germj an ( Bitola region) 

v .  Kuceviste 
( Skop j e  region ) 

Fig .  7 - Modern reinforced concrete be lt 
Struga ( South Macedonia )  - Application of 
reinforced concrete belts in adobe wal l  
weight-bearing structures a s  a re flection 
of  reinforcement new structures after Skop j e  
1 9 6 3  Earthquake . 



ABSTRACT 

Anc i ent bui lding i n  the 
nor theas t e rn area of 
Argentina employed adobe 
and wat t l e  and daub 
t echniques , of whi ch both 
rural and urban examp l e s  of 
the e ighteenth , ninet e enth , 
and early twentieth 
c entur i e s  s t i l l  remain 
s tanding . 

At present , the u s e  of 
e arthen masonry h a s  been 
pr a c t i c a l l y  l o s t , whi l e  
w a t t l e  and daub i s  more 
widely used and in a l arger 
range of var i et i e s . 
Internal migra t i ons in the 
e a s tern humid zone produc e 
constant adaptat ions . Where 
a dry c l imate preva i l s ,  
such a s  i n  the wes t , there 
are s e t t l ements whi c h  
r emain more s t able b o t h  i n  
t ime and type of des ign . 
There earth i s  used a l s o  
for roof ing . 
Recent economic changes 
have produced per ipheral 
n e i ghborhoods i n  various 
c i t i e s , r e f l e c t i ng the 
origin of their dwe l l er s . 
A w e l l -ordered register of 
the s i tuation and a s e t  of 
s o l i d  b a s e s  f or their 
p r e s ervation and 
maintenance mus t  a l s o  tak� 
into ac count the s o c i a l , 
e c onomic , and c u l tural 
m i l i eu to whi c h  each one of 
the examp l e s  bel ongs . 
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Desde l a s  epo c a s  de l a  conqu i s t a  espanola se s abe que en l a  
zona e r a  corriente e l  u s o  d e  l a  t i er r a  como mat e r i a l  de 
cons truc ci6n . Asimi smo , e s t e  se unia a otras trad i c i ones prop i a s  
del aborigen como e l  entr e t e j ido de r a m a s  y troncos q u e  h a c i a  con 
gran d e s t r e z a .  Los aportes hechos por los hi spanicos de divers as 
regiones y 1 0  que e l  medio mi smo permi t i a , l l eg6 a conformar una 
forma de hacer arqui t e c tura en la que l a  t i e r r a  era e l emento 
fundament a l . 

S i n  embargo , fuera de algunas pub l i c ac iones de e s c a s a  
d i f u s i 6n y de a r t i c u l o s  d i s eminados en revi s t a s , no ha s ido e s t a  
arqu i t e c tura obj e to de u n  e s tudio s i s temat i c o . Menos aun 1 0  ha 
sido una propu e s t a  tecnica de me j oramiento y conservac i6n . 
Intentos parc i a l e s  desde c entr�s de e s tudio 0 de gobi erno han 
s i do e f imeros y muchas veces d i r e c t amente comba tidos . 

La zona que nos ocupa - l a  del nord e s t e  argentino- es de 
c l ima tropi c a l , con temper a turas que pueden p a s ar los 4 0 ° , aunque 
con p o s i b i l idades de tener algun d i a  del ana unas hor as con 0° . 
Pero dentro de la z ona hay dos partes bastante d i f erentes : l a  del 
e s t e  con cl ima humedo , inf luido p�r l a  cuenca del R i o  de la 
P l at a , y l a  del o e s t e , conocida como E l  Impenetrabl e ,  en donde e l  
c l ima es s e c o . Si b i en en ambas hay bosque , sus d i f erenc i a s  son 
notabl es . 

En l a  parte humeda , cuando en invierno se superan los 3 5 °  es 
c a s i  s eguro que sobr evenga una tormenta de 1 5 0  km/h con intensas 
lluvias y con e l  consiguiente c ambi o  dra s t i c o  de temperatura . En 
l a  par t e  sec a , e s to puede l l egar a ocurrir alguna vez , pero 10 
normal es que e l  agua apar e z c a  en e l  verano cuando l o s  deshielos 
de los Andes l l enen nuevamente los c au c e s  s e c o s  de los rios . Debe 
tenerse en cuenta ademas , que los regimenes de l luvias y de 
cauces no son regulare s ,  p�r 1 0  que no son raras las inundaciones 
y e l  cambio de cuencas menores . 

E s t e  panorama geogr a f i c o  ayudara a comprender los problemas 
arqu i t e c t6nicos de la regi6n . Pas aremos ahora r evi s t a  a e l l os . 

1 .  S i s t emas 

Las cr6ni cas y dibu j o s  coloniales nos mue s tran la hechura de 
tapias exp l i c andonos todos los pormenores de su e j ecuc i6n . 
As imi smo , apar ecen menciones en d i s tintos puntos de l a  zona de 
f abr i c a c i6n de adobe s ,  palo a pique y d i s t intas " enramadas " .  
Debemos decir que l a  zona s e c a  es tuvo e s c a s amente poblada p�r 
e spanole s  a f i n a l e s  del XVI , s i endo abandon ada a principios del 
s i g l o  s i guiente . El extremo e s te ( humedo ) correspondi6 a l a  zona 
de l a s  M i s iones J e s u i t i c a s  que se desarrol16 en f orma aut6noma . 
La parte central ( t ambien hume d a )  es la que tuvo una intensa vida 
hi spani c a  y e s  en l a  cual nos quedan los principales e j emplos de 
edi f i c a c i ones antiguas . 

No todas l a s  t e c n i c a s  han podido a f incarse d e f i n i tivamente 
en l a  regi6n . Factores de urban i z a c i 6n , f a l t a  de mane de obr a , 
e s timulo p�r la rapidez y l a  moda , han dado lugar a un nuevo 
panorama . 

La zona humeda ,  �on su cambiante geograf i a , muchas veces 
obliga a l  pobl ador a emigrar y a rehacer su c a s a  peri6di c amente 
adecuandos e  a l  nuevo s i t i o . La i n f luen c i a  de las generac iones 
j 6venes hace que t a l e s  c i c los de t r a s l ado y acomodo s e  vean 
a l terados , con 1 0  que tambien s e  tergiversen las f ormas de 
construcci6n y mantenimiento . 

En l a  zona s e c a , en c amb i o , el c l ima y e l  tipo de 
idios i n c r a s i a  l l eva a viviendas mas e s tabl e s , aunque a veces sean 
de uso e s t a c ional , principalmente para los hombr e s . La f al t a  de 
l luvias 0 de grandes hurac anes permi te que l a s  cons truc c iones , 
aun s i n  uso cont inuado , perduren vari o s  anos . 
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1 . 1 .  Tapi a s , adobes y terrones 

Aparentemente , tapias y adobes fueron de uso corri ente desde 
f in a l e s  del XVI . E l  l adri l l 0  coc ido s6lo s e  usaba en o c a s i ones , y 
su verdadera d i f u s i 6n se dio hace aproximadamente un s i gl o . Los 
hornos tra taban de res ervar s e  para cocer t e j as y ladr i l l ones de 
p i s o . Hoy que dan en p i e  e j emplos de c a s a s  con g a l e r i a  al f rente 
en varios s i t i o s  de la c i udad de Corrientes y en diversos c entr�s 
poblados de esa provinc i a . 

Lo mi smo podri amos d e c i r  de S anta Fe , aunque l o s  e j emplos 
son menores en numero , pero mayores en su envergadura .  Jus�amente 
en esta c iudad se encuentra l a  i g l e s i a  de San Franci sco , 
levantada a mediados del XVI I con el s i s tema de tapias y que hoy 
es Monumento Nac iona l . Se cont inuaba aqui con el t ipo 
cons tructivo que habia tenido toda la c i udad en su anterior 
emp l az amiento de 1 57 3 . 

Aparentemente , l a  tapia fue una tipologia corriente h a s t a  
f i na l e s  del XVI I I , p e r o  m a s  tarde s e  fue optando p�r e l  adobe que 
resul taba mas f ac i l  de traba j ar . As i e s tos s i gu ieron en uso h a s t a  
n u e s t r o  s i g l o , y cuando s e  comenz6 a repoblar h a c i a  l a  z o n a  del 
o e s t e , los adobes fueron tamb i en usados . S i n  embargo , con e l  
t i empo -y qui z a  p � r  una imitac i6n del l adri l l o - en algunos 
lugares l a s  dimen s i ones de los mampuestos se f ueron achicando de 
tal modo , que hoy encontramos adobe s  de medidas s imi lares a l a s  
de aque l l o s . 

Otro s i s tema de mampo s t e r i a  u t i l i z ado ha sido el del terr6n , 
conocido aqui como " champa " .  Fue de u s o  comun en l a s  zonas 
rur a l e s  y hoy todavia se 1 0  ve de vez en cuando . Su di fus i6n 
principal se encuentra en la porc i 6n sur de nues t r a  area de 
e s tudio . 

El barre tambien aparece h a s t a  l a  ac tual idad como mez c l a  de 
a s i ento y de revoque de construcciones de l adr i l l o . Pero a e s t e  
a s p e c t o  1 0  hemos dej ado expre s amente de l ade en l a  presente 
o c a s i 6n . 

El techo de torta pertenece igualmente a los s i s temas de 
entramado . Se r e a l i z a  con un enmaderado s i mi l ar al de un techo de 
t e j a s , pero su cubierta e s t a  formada s 6 l o  p�r t i e rr a ,  trabaj ada 
en di ferentes c apas . La torta es de uso corri ente en e l  noroe s t e  
argentino y p o c o  a p o c o  se fue d i s eminando p � r  e l  extremo o e s t e  
de nuestra regi6n , a partir de l a s  repob l a c iones del f i na l e s  del 
XIX y principios del XX . Hoy es comun su uso en toda l a  zona 
s e c a , pero con una incl inac i 6n minima y con un gran grosor que 
atempera los c a lore s . 

1 . 3 .  Las adecuaciones urbanas actuales 

Los problemas econ6mi cos que s e  han agud i z ado en estos 
ul timos quince anos , han hecho l l egar a l a s  c i udades pobl adores 
rurales que han tratado de conseguir pues tos de traba j o  en l a  
cons trucci6n de gr andes conjuntos hab i t acionales impu l s ados p�r 
e l  gobierno . Parad6 j i c amente , e s a  mane de obra no c a l i f i c ada fue 
us ada pero s in contemplarse sus propias n e c e s idades de 
habi taci6n . E l l o s  mi smos entonces , l evantaron sus barrios en la 
peri f e r i a  de las c i udades , u t i l i z ando terrenos f i s c a l e s  0 
abandonados , a veces inundables y con f a l t a  de todo servi c i o . Y a 
pesar de ser s i t ios b a j o s , fueron aun desnivel ados muchas veces 
p�r s a c ar de alIi mi smo l a  tierra para hacer sus c a s a s  de chor i z o  
o es tanteo . 

Las t e c n i c a s  que cono c i an se apl i c aban , pero ahora c on 
materi a l e s  di f erentes . Si bien l a  c i udad provei a  f ac i lmente dE 
a l ambres , que se conseguian por compra 0 p�r des echo en el lugar 
de traba j o , las ramas , canas y paj as ya no e s t aban en l a s  
c e r c a n i a s  y debi an s e r  pagadas 0 procuradas muy l e j os . El centre 
urbano arroj aba , en camb i o , otros desechos que podian u t i l i z a r s e  
y ser a u n  mej ores y mas f ac i l e s  de trabaj ar que los rurales , pero 
s e  n e c e s i t aba de una adecua c i 6n de tecnicas y de una preparaci6n 
d i f erente . P a r a  e l l o  los pobl adores tuvieron b a s tante inventiva , 
aunque no todo fue c oronado p�r el exi t o . 

Hasta hoy se u t i l i z a  e l  r e c i c l a j e de emba l a j e s  de madera , de 
donde tamb i en se s a c an y endere z an a l ambres y c l avos . Los envases 
de l a t6n como los de a c e i t e s , combus t i b l e s  y dul c e s  son 
des armados y u t i l i z ados para prot e c c i6n de l o s  s i t ios mas 
expue s t o s  a aguas y s o l e s , asi como para c er r amientos , donde 
igualmente apare c e  la t e l a  metal i c a . En l a s  cercanias de l a s  
f abr i c a s  de tanino s e  apel a  a l a s  a s t i l l a s  de madera de quebr acho 
para impermeabi l i z a r  los z 6 c a l o s . Asimi smo s e  usan di f erentes 
desechos de otras indu s t r i a s  de l a  regi6n . 
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S i n  embargo , e s t a s  adecuaciones y trans f erenc i a s  dan p i e  a 
muchas equivoc a c i ones , a veces provo c adas p�r el ma t e r i a l  
e l egido , a l  que n o  s e  conoce s u f i c i entemente y a l  que 
generalmente se 1 0  sobre e s tima p�r ser " modern o "  , otras veces por 
u t i l i zar en una regi6n 1 0  que es propio de o tr a .  E n  e s t e  sentido 
e l  c a s o  mas duro ha sido e l  de los que provini endo de l a  zona 
s e c  a han cons truido t echos de torta ( aunque algo incl inados ) en 
la zona humeda , con el cons iguiente d e s a s t r e  posterior . 

1 . 2 .  Tierra con entramado 

La f a c i l idad de a lgunos abor igenes n6mades de l a  regi6n 
para procurarse un re fugio rapido frente a l a s  tormentas h i c i eron 
de e l l o s  d i e s tros trenz adores de r amas y hoj as . Con l a  l l egada 
del espaftol y la busqueda de est abl�c imientos mas duraderos , se 
conj ug6 t a l  s abiduria con e l  uso del barre bl ando para darle 
cerramiento y mayor f o r t a l e z a  a l a s  cons truccione s . En el c a s o  de 
los guaran i e s  , que ocupaban la porci6n oriental y que si tenian 
vivi endas es tables , se dio un c a s o  s imi l ar , pero de me j ores 
c a l idades . Por e l l o  el s i s tema de t i er r a  entramado se popu l a r i z 6  
en t o d a  l a  r e g i 6 n  hace ya 4 0 0  aftos . 

Con el ti empo , e s te ha side el tipo u t i l i z ado con mas 
a s i duidad y con mas variaciones . A la c e lu l a  uni t a r i a  de cuatro 
horcones que s o s t i enen un te cho , se l a  ha c errado de innumerables 
maneras . D e s c r ib i r  c ada una de elIas s e r i a  agobi ante , b a s t e  decir 
que los tipos mas us ados s e  dividen en tres grandes f ami l i a s : 
es tan teo, palo a pique y chorizo. 

El es tan teo supone l a  organi z a c i6n de un entr amado que se 
hace con ramas grue s a s  a l a s  que luego s e  I e  intercalan otras mas 
f inas . L a  forma de t e j ido y e l  t ipo de e l emento veget a l  ti ene 
abundantes vari edades , ll egandos e  a usar caftas , paj as , cortezas , 
e t c . Los trabaj o s  mas cuidadosos presentan un dob l e  entramado que 
luego es r e l l enado con barre y agregados , haci endose un 
terminaci6n de barre mas f ino . Tiene mucho parec ido con l a  
quincha , aunque e n  general es a lgo m a s  rudimentario . E s t a  f ami l i a  
d e  entramados n o  5 6 1 0  v a r i a  e n  su compo s i c i 6n y d i s efto , s i n o  que 
en la mi sma regi6n adquiere di ferentes denominaciones que a l uden 
a a lguno de los e l ementos 0 de las t e c n i c a s  u s adas . 

El nombre de palo a pique proviene de un t ipo de 
cons trucci6n muy d i f undida en la colon i a  y que suponia una 
construcc i6n de madera para cercar un terreno . Con e l  t i empo y el 
detr imento de la c a l idad de los palos y de su colocac i6n se vio 
n e c e s ar i a  l a  complementac i6n con barr� . Pas6 entonc es a ser u s ado 
en viviendas y fue evoluc i onando h a s t a  conv e r t i r s e  en un tipo de 
pared muy d i f undido , sobre todo con troncos de palma tipo 
" c aranday " , de gran longi tud y s e c c i6n cons t ante . Hoy se 1 0  
encuentra c o n  embarrado en u n a  0 d o s  de sus caras . 

El chorizo es l a  f orma de construir mas popu l ar de todas . Es 
rapida , no requiere mane de obra muy espe c i al y puede hacerse 
c a s i  con cualquier tierra . Por eso , es que s e  l a  u s a  mucho para 
cons trucc iones es tac ionales 0 de paso . L a " mala c a l idad de la 
tierra s e  suple con las p a j a s  que se Ie agregan . Antiguamente , 
s obre la base de los cuatro horcones se tendian ramas 
transver s a l e s  0 t i r a s  de cuero moj ado de las que i r i an 
co lgandose los chor i zos de pa j a  y barr� . Hoy di a ,  e s a s  t i r a s  s on 
de a l ambre bien tens ado . Los chor i z os se f orman amas ando paj a  y 
barre y se van co lgando de aba j o  hac i a  arriba , bien j untos uno al 
otro hasta hacer e l  cerramiento . Despues se revoca con barr� . 

Dentro de e s t a  f ami l i a  hay var i a c i ones , perc no tanto p�r 
los e l ementos usados , sino mas b i en p�r la mayor 0 menor 
pro l i j idad de e j ecuci6n , fundamentalmente en el r e torc ido y 
cont iguidad de los chori zos . E s t a  tecnica que c r e i amos unica de 
nue s t r a  regi6n l a  hemos encontr ado en China , en donde tamb i e n  se 
usan chor i zos hori zontales para los h a s t i a le s . 

2 .  Soluc iones 

Han l l egado entonc es a nosotros edi f i c i os de antigua data , 
a s i  como construcciones actuales de t i er r a  de muy d i s tintos 
s i s t emas y c a l idades . En muchos c a s os e l I a s  son desconocidas p�r 
e l  hab i t ante de l a s  c i udades 0 son energ i c amente comba t idas . En 
e s to ti enen ingerenc i a  la indus t r i a  de la construcc i6n , los 
pro f e s i ona l e s , los gobiernos y los propios c entr�s de e s t ud io . Y 
aunque desde todas e s t as areas hay qui enes e s t en trabaj ando para 
optim i z a r  el uso de l a  tierra , se hace muy d i f icul toso remar 
contra la corri ente gener a l . 
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Los principa l e s  intentos f avorables que hubo en la regi6n 
s e r i an : los encarados por la provinc i a  del Chaco hac i a  1 9 6 9  con 
su P l an de Me j oramiento de Ranchos , los de l a  Un ivers idad del 
Nord e s t e  con e l  d i s efio de vivi endas de chorizo mejorado los que 
actualmente encara e l  I n s t i tuto de Tecnologia Agr aria en l a  
prov i n c i a  d e  Corrientes y algunas construcciones d e  suelo
cemen ta r e a l i z adas en l a  provin c i a  de S anta Fe hace unos 20 afios . 

Pero nosotros , desde nues tro Depar tamento de Conservac i6n 
del P a t rimonio Arqu i t e c t6nico ( Univer s i dad Nacional del Norde s t e )  
hace afios que venimos trabaj ando sobre el tema , s e a  en el amp l i o  
e s p e c t r o  d e  l a  m i s m a  conservaci6n de edi f i c i o s  ant iguos d e  
t i e r r a , s e a  en e l  r e s c a te de l a s  tecnicas como m e d i o  adecuado 
para construir en la regi6n . Diversas publ i c a c iones , 
conferenc ias , expos i c iones y reuniones se han l l evado adel ante 
con este f i n . S in embargo es mucho 10 que aun queda por hacer . 

A l a  cue s t i6n tecnica es necesario que se una el e s tudio 
econ6mi co global y par t i cu l ar de los grupos que cons truyen con 
tierra , la v i s i 6n de l as tradic iones y cos tumbres y un correcto 
encuadre s o c i a l  y cultural donde se dan estas tecnicas . No debe 
dej arse de l ade l a  contemp l a c i 6n del tra tamiento de los edi f i c i os 
h i s t6ricos , sean 0 no monumental e s , y el conocimiento profundo de 
aque l l a s  tecnicas que han s i de abandonadas y porque e l l a  ha 
ocurr ido . 
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Es en e s t e  tema que e s t amos trabaj ando a c t ualmente . El 
primer paso es l a  e l aboraci6n de un inventario de l a s  tecnicas de 
la regi6n a par t i r  de un cuadro bas i c o . Suger imos que tal cuadro 
sea tornado como r e f erenc i a  para los e s tudi os de arqu i tectura de 
t i e r r a  en otros lugares . Por eso aprovechamos l a  o c a s i 6n para 
presentarlo a consideraci6n a fin de hac erIe los a j u s t e s  
n e c e s a r i o s  p a r a  su uso internacional . ( Ver Graf . 1 ) . 
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ABSTRACT 

The pres erva t i on of h i s toric 
adobe c hurches in New Mexico 
results from a dynam i c  
c ommun ity pro c e s s  us ing 
appropriate technology . The 
pres erva t i on proc e s s  r e l i e s  
o n  t h e  t r a d i t i o n a l  
c ommunity-or iented , hands 
o n , l o w - t e c h n o l o g y  
approach .  Sense of 
c ommun ity i s  paramount to 
the pres ervat i on of the 
church through estab l i shed 
t r a d i t i o n s  o f  c y c l i c  
maintenanc e . Yet , ec onomic 
depre s s ion and dec l i ning 
popu l a t ions are c ontr i but ing 
to the breakdown of this 
nec e s s ary e l ement in the 
pres ervat ion proc e s s . 

I n  1 9 8 5 ,  the New Mexico 
C ommun ity Founda t i on ( NMCF ) 
i n i t i a t e d  t h e  " Churche s : 
Symbo l s  o f  C ommun i t y "  
p r o j e c t  t o  a s s i s t  
c ommun i t i e s  in the cont inued 
p r e s erv a t i on o f  t h e i r  
h i s toric churche s .  NMCF 
a s s i s t s  i n  t h e  
rev i t a l i z a t ion of the s oc i a l  
patterns a n d  tec hno log i c a l  
tradit i ons that origina l ly 
produc ed and cared for these 
bui ldings . 

Through the partne r s h i p  
of nat iona l ,  s tate , and 
l o c a l  o r g a n i z a t i o n s , 
c ommuni t i e s  are res toring 
their churches to a 
maintainable 
level using a tradit ion of 
cyc l ic maint enanc e .  

KEYWORDS 
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A v a i l a b l e  
C o m m u n i t y  
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F i gure 1 
Map of the Interior Prov inc e 
of New Mex ico 1 7 7 9 . 
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CHURCHES , SYMBOLS OF COMMUNITY : 
THE PRESERVAT ION OF NEW MEX I CO ' S  ADOBE CHURCHES 
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New Mex i c o  occup i e s  a un i que n iche in the architectural h i s tory of 
the United State s . The long- s tanding tradit iona l use of earth as 
a b u i l ding mat e r i a l  began we l l  befor e  the Spanish occupa t ion in 
the s ixteenth c entury and continues as a ma j or architec tura l  
e l ement today . O f  part icular note are the h i s t or i c  adobe 
c hurc hes . These archetypal churches are the symbo l s  o f  c ommun i ty 
l i f e . Often , in i s ola ted v i l lages , they are the f ir s t  and only 
pub l i c  s truc ture b u i l t  and c ared for by the c ommunity . They 
i l lus·trate past and pre s ent c ommun ity orga n i z a t i on , res ourc e s , 
s e l f - su f f i c i enc y , and pride . 

The " Churche s : Symb o l s  of Commun ity" pro j ec t  wa s conce ived a s  
a means to a s s i s t  c ommun i t i e s  in preserving these s ignif ic ant 
r e l i g ious edi f ic e s . Phys i c a l  preservat i on of adobe s truc tures 
requires long-t erm c ommitment invo lving c ommun i ty dedicat ion and 
par t i c ipat ion , dec i s ion making and imp l ementat ion . Working 
through ex i s t ing loca l c ommun ity s truc ture , the New Mexico 
Commun ity F oundation a s s i s t s  c ommun i t i e s  with techn i c a l  advi c e , 
f und ra i s ing , research , and training , wh i l e  a l so fac i l itat ing the 
nec e s sary c ommun i c a t i on between those invo lved . I f  reque s t ed , the 
NMCF a l s o  helps c osponsor workdays where out s ide c ommun ity 
volunteers work together with the loc a l  commun i ty in the 
pres erva t i on of the church . All dec i s ions are made by the 
c ommun i ty . Th i s  pre s ervat ion approac h  has resulted in a 
c omprehens ive survey and evaluat ion of h i storic churches in New 
Mex i c o , ident i f ic a t ion and interact ion w i th c ommun ity member s ,  
response to r eque s t s  for techn i c a l  a s s i s tance and the deve lopment 
of prese rva t i on p lans now in var ious stages of imp l ementation by 
the c ommun i t i es . 

Background of C u l tural Tradit ions 

The e a r l i e s t  c hurche s in New Mex i c o  were c ons truc ted under the 
direct ion o f  Franc i sc an f r i ar s  in the s eventeenth and e i ghteenth 
c entur i e s  when New Mex i c o  wa s a remote prov ince o f  New Spain . The 
c hurches and surrounding c ommun i t i e s  were c lustered near Indian 
Pueblos a l ong the Rio Grande ( s ee f i g . 1 ) .  The adobe church was 
located in a prominent locat ion a l ong the plaza ( se e  f i g .  2 ) . 

The c hurches focused commun i ty e f f ort ut i l i z ing a l l  ava i la b l e  
loc a l  mater i a l s  a n d  human re sourc e s . T h e  adobe wa l l s  were 
construc ted by the women and c h i ldren wh i l e  the men f e l l ed the 
trees and shaped them into roof beams . The women pla s tered the 
wa l l s  w i th mud mixed by the men . 

Recogn i z ing the necess ity for cyc l i c  maintenanc e ,  " in 1 7 3 1 , 
Father Juan Migue l Menchero admonished the f r i ars to emulate the 
zeal o f  the ' o ld Fathers ' in maintaining the fabric of their 
churches and c oventos , espec i a l ly ,  in r epa iring dra ins and other 
things that c an cause their destruc t i on "  ( 1 ) .  Cyc l ic ma intenanc e 
a c t i v i t i e s , s imi lar to those requ i r ed today , inc luded remudding 
the wa l l s  and f l oor s , c l eaning out the wooden c ana l e s , or roof 
dra ins , and remov ing b i rd ' s nests . The f l at mud roofs reta ined 
water , and periodic ma intenan c e  c on s i s ted of rep l a c i n g  rotted roof 
t imbers and the upper courses o f  adobe bricks . 

Dur ing the latter part of the e i ghteenth c entury , s e t t l ements 
spread outwards into the adj a c en t  mounta ins and va l l eys as the Rio 
Grande Va l l e y  became crowded , and irrigable land grew scarce ( se e  
f i g . 3 ) .  De spi t e  the decreasing number of F ranc i s c an s , c hurch 
bui lding c ont inued l ed by determined c ommun i ty members . " By the 
early ninete enth c en tury , the Church in New Mex ico had become for 
a ma j or i t y  of New Mex icans a Church wi thout c l ergy" ( 2 ) .  To f i l l  
t h i s  vacuum , men un i ted i n  a r e l i g ious soc iety known a s  the 
Brothers o f  Our Father Jesus of Na zareth , or c ommon l y  c a l l ed 
Penitente s . The Hermanos , or brothers , "periodic a l l y  sacra l i zed 
an entire s e t t l ement " .  The morada , or chape l ,  became the c enter 
from wh i c h  proc e s s ions to c a lvarious , c omposantos , oratorios and 
churches wove a kind of sacred network around the c ommun i ty "  ( 3 ) . 

The n ineteenth c entury introduc ed an era of rapid regiona l 
soc ioeconomic changes brought about by the naming of New Mex ico a s  
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d Uni ted S t a t e s  Territory . I n  the latter part of the ce ntury , the 
ra i l road l inked New Mex ico to a larger ne twork of ava i lable 
re sourc e s . New fac tory-produced mate r i a l s  such a s  concrete and 
g l a s s  became ava l l ab l e . Viewed as technolog ic a l ly superior and 
labor-saving , n ew ma t e r i a l s  began to replace tradi t i on a l  
mater i a l s . Labor- intens ive mud p la s ter w a s  o f t e n  replaced by 
cement stuc c o . Only i n  the more remote v i l lages did the use of 
tradi t i onal mater i a l s  continue ( se e  f i g . 4 ) .  

The ra i lroad brought not on ly new material but an inf lux o f  
" ou t s i ders " .  T h e  sol idarity of the Hermanos w a s  cemented t o  
counteract the inf luen c e s  of foreign cul ture s . Cons equen t l y , they 
became a ma j or po l i t i c a l  a s  we l l  as soc i a l  forc e . " By preserving 
long-standing H i spanic Catho l i c  trad i t i on s , the Brothers o f  Our 
Father Jesus contributed substan t i a l l y  to s p i r i tual security and 
phy s i c a l  surv iva l in i so l ated v i l lage " ( 4 ) .  

Ma intenanc e o f  the c hurches was superv ise d in the pa s t , as it 
i s  today , by mayordomos , or lay church caretaker s . Each year , n ew 
mayordomos were s e l e c t e d  dur ing the func ion or c e l ebration of the 
feast of the patron o f  the c hurch and c ommun i ty . Fol lowing the 
Secon d  Wor ld War , the popu l a t ions of rura l v i l lages began to 
dwindle t r i ggered by f a l tering loc a l  econom i e s . The trad i t ion of 
cyc l ic maintenance of the c hurch rested on dec re asing popu l a t ions 
c on s i s t ing largely of older parish ioners . Despite adverse 
c ond i t i on s , c hurch ma i n t enance continued under the gu idanc e of the 
mayordomos and Hermanos . When a church wa s not be ing maintained , 
the Hermanos o f t e n  moved sacred art i f a c t s  into the moradas for 
prot e c t ion f rom vandi l i sm and mo i s ture . 

Dur ing the early twen t i e t h  ce n tury many n ew structures were 
c on s t ruc ted emulat ing the m i s s ion s t y l e  o f  architec tur e , wInch 
rekindled an appr e c i a t ion for the original m i s s ion c hurches . The 
increased awareness o f  the c hurches and the ir deter iorated 
c on d i t ion led to isolated r e s torat ion pro j e c t s . I n  1 9 8 5 , the 
f i r s t  survey o f  h i s toric churches was i n i t iated by the State of 
New Me xico H i s t or i c  Pres erva t i on O f f i c e  and the New Mex i co 
C ommunity Founda t i on with funds from the Na t ional Hi s tor ic 
Pres erva t ion fund and the National Endowment for the Art s . 

Archbi shop Robert Sanchez f ormed the C omm i s s ion for the 
Pres erva t i on o f  H i s toric New Mex i c o  Churc hes in 1 9 8 7 . The 
Comm i s s ion was conce ived to se t po l ic i e s  for and over s e e  the 
preservat ion of hi storic Roman Ca tho l i c churches in the 
Archdioc e s e  of Santa Fe . The southern D ioce se  of Las C ruc e s  and 
west ern D ioce se  o f  Gal lup also work for the pres erva t i on of their 
churches as do Protestant c hurch owners . 

Today , through the creation of a partner ship among 
c ommun i t i e s , c hurch leaders , the New Mex ico Commun ity Founda t ion , 
many volunteers and funding source s , the h i s toric adobe churches 
are being prese rved for future genera t i ons to e n j oy . 

Preservat ion Approach 

New Mex i c o  Commun i ty Foundat ion works with communi t i e s using a 
pres erva t i on pro c e s s  wh ich reinforces the h i s toric fabric by 
encoura ging the value s , trad i t i ons and techn i ques wh i c h  created 
and s t i l l  support the c hurches . The proc e s s  s imul taneous ly 
diminishes ma j or threats of deteriorat ion wh i l e  st rengthening a 
c ommun i ty ' s  a b i l i ty to cont i nue pres erving i t s  c hurch ( s ee f i g . 
5 )  . 

Pres ervat i on of e s t a b l ished 
c ommuna l  c y l i c  maintenance where 
l ead a nnua l work on the c hurch . 
the presence of over 800 adobe 

c hurche s i s  characteri z ed by 
the mayordomos and/or Hermanos 
This tradi t i on has resulted in 
c hurches in the State today . 

Respecting the 
" Churche s : Symbols 
princ i p l es : 

patterns o f  
of Commun i t y "  

commun ity 
pro j ec t  

pres erva t ion , the 
f o l lows the basic 

i .  c ommun ity dec i s ion making 
2 .  communi t y  i nput and informa t ion exchange a t  each step 
3 .  honor and respect for c ommun i t ie s  and c hurches 
4 .  r e spe c t i n g  the pride o f  ownership 

NMCF e nc ourages c ommun i ties to use sound cons ervat ion 
princ i p l e s . Communi t i e s  are recogn i z in g  that the b e s t  ava i l a b l e  
m e a n s  of preserv ing adobe s truc tures i s  through the use of 
tradi t ional methods and materia l s . The poten t i a l l y  deleteri ous 
e f fe c t s  of incorpora t i n g  modern mater i a l s  i s  evident in the many 
examp l e s  o f  deter iorated adobe c hurche s c l ad in c ement stucco . 
For i n s tanc e , the c ommun ity of Ranrhos de Taos deci ded to remove 
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the c ement stucco from the i r  church in the 1 9 7 0 ' s .  The rear adobe 
but tress had a lmost c omp l e t e l y  d i sappeared leaving on l y  the c ement 
s tucco skin ( s e e  f i g . 6 ) .  Each year c ommun ity members donat e  a 
week each of their t ime to rep last e r the church u s in g  mud . 

The development of pres erva t ion p lans and imp l ementat ion must 
be accomp l i shed through s en s i t ive exp lanat ion o f  suc c e s s e s  and 
f a i lures ( s e e  f i g . 7 ) .  Modern techno logical advances employed in 
past maintenance pro j ec t s  were c on s idered s t a t e  of the art and 
were ut i l i z ed as the b e s t  ava i la b l e  means to maintain the church . 
The Taos c ommun i ty ' s  observa t i on of increa s ed and rapid 
deteriorat ion of the adobe s truc ture a s  a result o f  the use of 
inappropriate advanced technol ogy has l ed to recons iderat ion of 
the use o f  tradit iona l mater i a l s  and techniques . 

An awaren e s s  of c ommun i ty c onc erns is cruc i a l , regard l e s s  of 
amount of t ime consumed ,  to ma intain a r e l a t ionship o f  mutua l 
respec t .  O f t en , tradit iona l ma teria l s  are thought to be infer ior . 
I n  rur a l  c ommuni t i e s , adobe is often a s soc iated with ec onomic 
depre s s ion . I n  Chacon , the building c omm it t e e  of La Cap i l l a  de 
San Antonio wa s divided over tear ing o f f  the c ement stucco and 
concrete p lynth or c ontrapared , wh ich l ined the base of the wa l l .  
Hi stor i c a l  architect Anthony Crosby car e full y pointed out the 
a f f ec t  o f  c ement p la st e r in the pres erva t ion plan : 

Dama ge even when i t  does occur is not e a s i ly 
detec t a bl e  and a great deal of damage can occur 
before there i s  even the s l i ght e s t  h int that a 
prob l em e x i s t s . Hard c ement stuccos do not echo 
internal c ondit ion unt i l  i t  may be too late for 
norma l repa i r . I n  the c a s e  o f  Chacon , we may we l l  
have ident i f i ed the prob l em b e f ore i t  becomes 
unmanageb l e . But even here some structur a l  repa ir 
and rebui lding i s  nec es sary . As in many s imi lar 
c a s e s , water has ga ined a c c e s s  to lower portions of 
the wa l l s  and because of the r e l a t ively imperv ious 
stuc c o , has not evapora ted . As the wa l l s  become wet 
they qui c k l y  loose the i r  s trength and i n i t i a l ly 
begin to s lump or c ompr e s s  because of the we i gh t  o f  
t h e  uppe r  p a r t  o f  t h e  wa l l s  ( s e e  f i g . 8 ) .  As they 
cont inue to s lump , s t ructur al cracks w i l l  begin to 
form and the entire adobe s tructura l system may 
f a i l  as portions o f  the wa l l s  begin to act 
independently ( 5 ) . 

Fol lowing th i s  explana t i on , the c ommun i ty dec ided to remove 
the c ement stucco and c onc rete p lynth ( s ee f i g . 9 ) .  The harmful 
e f f ec t  o f  c ement on adobe s truc tures became c l ear l y  evident upon 
removal of the concrete and stucco on the work day held during the 
summer of 1 9 8 9 . The wa l l s  were extreme ly wet . ,  �our s ing patterns 
o f  adobe bricks were indist ingu ishable a t  the base of the wa l l s . 
In other p l a c e s , the adobe s were severely eroded . A pattern of 
wh i t e  spot s , or e f f lorescenc e , indicated that mo i s ture had moved 
through the wa l l. 

Thus , educ ation is a ma j or c omponent of a c ommuni ty ' s  a b i l ity 
to c ont inue pres erving i t s  church . Understanding o f  tradit ional 
building systems , o f  presently ava i lable techno logy and 
appropriate use of the t ecnology is a neces sary ingredient in 
pa s t , present , and future dec i s ion making a bout maintenance of the 
church . Preservat ion workdays are the b e s t  opportunity for the 
exchange o f  ideas and the educ at ion of a l l  partic ipants regarding 
the deteriorat ion o f  adobe , a s  we l l  as u se  o f  tradit iona l 
mate r i a l s  and technique s . A work day sponsored by the c ommun ity 
o f  Chacon involved replastering the church w i th l ime p l a s t e r . 
Area pro f e s s ional p l a s ters , interested in the use of l ime p laster , 
he lped replaster the church ( s e e  f i g . 1 0 ) wh i l e  c ommun i ty youth 
were ins truc t ed in mixing and app l ic a t lon proc edure s .  The result 
has been a renewed interest in the use  of l ime p la s t e r . 
S im i l a r l y , dur ing workdays sponsored by the c ommun ity of Las 
Trampas in 1 9 8 7 , part i c ipants learned tradit iona l p l a s tering 
techniques f rom e n j arradoras , or �omen p l a s terer s , using mud 
supp l ied by the men ( se e  f i g . 1 1  ) ' .  

Another c omponent o f  " Churche s : S ymbo l s  of Commun ity" 
pro j ec t s  i s  the r e l iance on vo lunteers and donated mat e r ia l s . A 
long l i s t  of techn i c a l  advisors has been deve loped to a s s i s t  
c ommun i t i e s . The networking of interested par t i e s  enlarges the 
r esourc e s  ava i lable to a c ommun ity and f ac i l itates pro j ect 
imp l ementa t ion . Recent l y , an adobe yard in the southern part of 
the state donated adobes for the repa ir o f  the wa l l  of a church in 
the northern part o f  the state . Volunteers rented truc ks to 
transport the adobes to the c ommunity . 
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Pres erva t i on Proc e s s  

T h e  pres erva t i on proc e s s  c ont inues to evo lve as each pro j ec t  and 
c ommun ity make valuab l e  c onstribut ions . Thus far , the proc e s s  i s  
t h e  f o l l owing : 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

Research 
A c omprehens ive st at ewide pro f e s s i on a l  s\lrvey and 
inventory of churches i s  s eventy - f ive percent 
c omp l e t e . The survey f orms iden t i f y  ba s i c  
in f orma t i on o n  cons truc t ion date , architectural 
s t y l e , archi t e c tura l description , c ondi t ion , 
photographs , sketch s i te p lan and f l oor p lan , 
and c ommun ity conta c t s  ( se e  f i g .  1 2 ) .  

Target ing 
Us ing informa t i on from the survey , NMCF targets 
c ommun i t i e s  in wh ich historic churches are 
immedi a t e l y  threatened and wh ere c ommun ity interest 
i s  h i gh . Now that the program i s  better known , 
numerous reque s t s  for a s s i s tance are rec e ived . 

Commun i ty Organ izat ion 
Church leaders , mayordomos , and parish o f f i c i a l s  
a r e  contacted and a c ommun i ty meeting i s  h e l d  to 
prov ide in f ormat ion on ava i l ab i l i t y  o f  NMC F 
a s s i s tanc e , o f f e r  informa t i ona l videos and 
handbooks if requested , a s s e s s  ex i s t ing re sourc e s , 
and h e l p  forge a plan of act ion ( s ee f i g . 1 3 ) .  

Commun i ty S e l e c t i on 
Commun i t i e s  are s e l ec ted for NMCF a s s i st anc e 
depending on the i r  init iat ive and desire for such 
a s s i s tanc e , the extent which the church i s  
threatened , and the ava i l a b i l ity of matching 
c ommun ity r e s ources . 

Prof e s s ional S i t e  Inspect ion 
An i n i t i a l  s i t e  inspect ion is schedu l ed to provide 
addi t i ona l  documentation , cond i t ion a s s e s sment , and 
to make recommendat i ons for addit iona l pro f e s s iona l 
serv i c e s . I n  some c a s e s , a l l  that i s  required i s  
i n i t i a l  on - s i te advi c e . Where more ser i ous prob l ems 
are i denti f i ed , a subs equent deta i l ed s i t e 
inspect i on may be rec ommended . 

Deta i l ed S i t e Inspec t ion 
A pro f e s s ional f rom a l i s t  of interested techn i c a l  
experts i s  sugge s t ed to t h e  c ommun i ty to author a 
deta i l ed pres erva t i on p l an . The c ommun ity s e l e c t s  
a pro f e s s iona l . T h e  pro f e s s iona l document s  the 
church w i th photographs and drawings , c o l l e c t s  
samp l e s , a n d  develops a scope of work . The 
c ommun i ty revi ews the plan and decides on 
appropr i a t e  work . 

7 .  Imp l emen t a t i on 
A f o l l ow -up c ommun i ty meet ing is h e l d  to s e t  a 
t imetab l e  for gathering mater i a l s  and l abor . Loc a l  
resourc e s  are  used as much as pos s i b l e . Onc e the 
schedu l e  of work , cr ew , individua l s , and c o s t s  is 
determined , workdays are schedu l e d . Outs ide 
volunteers are recruited a s  desired by the 
c ommun i ty . Volunteers from nearby c ommun i t i e s  or 
f ormer res iden ts are preferred . Workdays f urther 
s trengthen soc i a l  fabric . The mayordomo or other 
c ommunity- s e lec ted l e ader directs the workday . 
Add i t i on a l  documenta t i on of h i storic mater i a l s  i s  
performed . Add i t iona l samp l e s  are c o l l e c ted . 

8 .  Summary R eport 

9 .  

NMCF writes a summary report of work ac c omp l i shed , 
obj e c t ives atta ined and l e s sons l earned dur ing the 
pro j ec t . 

Tra ining 
Training programs inc lude handbooks , videotape s , 
workshops and workdays . Training may be 
c oord inated w i th church leaders . A l l pha s e s  o f  the 
proc e s s  involve an exch�nge o f  techniques and 
s k i l l s . 
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10 . Networking 
Key to the program i s  prov i ding c ommun i t i e s  w i th 
serv i c e s  and mater i a l s  necessary for the c ont inued 

pr e s erva t ion o f  the c hurche s . Suc c e s s  is measured 
by the gradua l deve l opment o f  a s e l f - su f f ic lent 
network e l iminating the eventua l need for the 
" Churche s : Symbols o f  C ommun ity" preservat ion 
pro j ec t  or other f orms o f  support . 

Con c lusion 
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In a t ime of econom ic dec l ine , rur a l  c ommun i t i e s  of ten need 
addi t iona l  support in c arrying out the pres e rvat ion of their adobe 
churches . . New Mex i c o  C ommun ity Foundat ion i n i tated the 
" Churche s : S ymbo l s  o f  Commun ity" pro j ec t  to provide nec e s s ary 
a s s i s tanc e . Yet , the tradit iona l bonds between c ommun ity and 
church must not be weakened by out s ide intervent ion s ince it i s  
t h e  l oc a l  re sourc e s  wh i ch  w i l l  c ont inue to prese rve the church . 
Through c ommun i ty- s e l ec t e d  services and re sourc e s , the c hurches 
are r e s tored , using tradit iona l techniques and materia l s , to a 
c ond i t ion mainta inab l e  by the c ommun i t i e s  ( s e e  f i g . 1 4 ) . 
Fol l owing thi s ,  a support network a s s i s t s  the c ommun i t i e s  to 
c ont inue the work . 

Archbi shop Sanchez exp l a ins : 

" The very f a c t  that we have churches that are over 
2 5 0  years o l d , t e l l s  us that our people have a lways 
been c oncerned and have a lways loved their churches 
and want to preserve them . The churches have been 
part o f  the ir l i f e . And because we have them 
today , we need to make tha t ef fort so tha t our 
c h i l dren and our c hi ldren I s chi l dren w i l l  have an 
opportun ity to worship in these same beaut i f u l  
temp l e s  o f  G o d  t h a t  have been p a r t  o f  our family 
l i f e "  ( 6 ) .  

The ancestors o f  New Mexic o ,  a land of great beauty and r i c h  
h i s tory , knew the importance of c oopera t i on , c ommun ity a n d  cyc l ic 
maintenanc e .  The adobe churches are symbo l s  of that know l edge . 
The generat ions tha t f o l low reta in the vivid s p i r i t  of c ommun ity . 
Working together t o  maintain the church i s  a task that each 
genera t i on c arrie s out f a ithfully for the sake of the next . 
Today , these humb l e  adobe churches stand as symbo l s  of that grea t 
trad i t ion for a l l  the wor l d  to admire ( s ee f i g . 1 5 ) .  

F i gure 1 5  
Nino Jesus Church 
La Pueb l a , New Mex i c o  
Photograph b y  K irk G i t t ings 



F i gure 1 6  
Adobe Church 
O j o  Sarc o , New Mex i c o  
Photo b y  Betsy Swanson 
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ABS'IRAcr 

Turkey , an important civilization 
center throughout the ages , has 
a significant number of histori
cal monuments and sites . Preser
vation of this historical he
ri tage is an issue of prime 
importance . The basic building 
fabric in most of these histori
cal and cultural structures and 
sites is earth. These buildings 
are more severely affected by 
nature throughout the ages due 
to well- known disadvantages of 
adobe such as low mechanical 
properties and low resistance to 
moisture . 

A research study was performed 
to evaluate pozzolanic mixtures 
that incorporate brick powder, 
lime, and fly ash combinations 
for use in conservation problems 
of historical structures . 

The results showed that most of 
the mixtures produced adequate 
strength and durability . It 
seems like an ideal material for 
adobe plaster amendments and 
historical wall treatments . Best 
of all , the color and texture 
of the mixtures can easily be 
modified to give the original 
historical appearance of the 
structure . 

KEYI'KlRDS 

Conservation , restoration , fly ash , 
lime , powdered brick , pozzolanic 
reaction , earthen architecture. 
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A NEW RES'IDRATION MA'IERIAL FOR AOOBE S'lRUC'lURES 
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DOkuz Eyllil University 
Civil Engineering Department 
MUhendislik-Mimarllk Fakliltesi 
Bornova 35100 iZMiR-TURKEY 

Introduction 

Earth is one of the oldest building materials known to man. It has been in 
use for centuries and is currently being used by a large percentage of the 
world ' s  population . In addition to the continued need for earth as a 
construction material in underdeveloped areas , the preservation of existing 
monumental or historic earthen buildings has recently become an issue of 
major importance [ 1 ] . 

Basic techniques used in the manufacture of sun dried earth bricks were 
developed many millennia ago . Specific methods vary somewhat with geographic 
areas and cultural traditions , but in principle, they are basically the 
same . These techniques involve mixing earth or soil with water and molding 
the mixture into various sizes and shapes , which are then sun dried for use 
as building blocks . Many techniques used today have changed little from 
early methods . Most of these methods make use of local resources , are 
labor intensive , and are logical and effective [ 2 ] . However , it is common 
knowledge that adobe buildings are not sufficiently resistant to 
the destructive action of nature , especially water . 

Turkey has been home to numerous civilizations dating back to the 
Paleoli thic and Neolithic ages . Excavations have brought to light the 
remains of many cultures such as the early Bronze Age Hatti , Hittite , Lydian, 
Roman , Byzantine , Seljuk Turks and Ottoman civilizations . Adobe was commonly 
used by all these civilizations for structures ranging from dwellings to 
colossal monuments . Today , The most severely damaged buildings gene
rally are found to be made of adobe . 

Conservation and restoration of these historical sites is of the utmost 
importance. The use of natural unstabilized adobe plaster to preserve 
adobe walls has produced unsatisfactory results . Mortars made with 
traditional binders are not harmon ius with the original structure. There 
is always a need for suitable restoration and conservation material that 
will preserve the structure without altering its original appearance. 

Recent research has been inspired by a historical binder used 
throughout the centuries in Anatolia by Seljuk Turks and Ottomans . This 
binder was called " Horasan" and composed of fired brick powder , lime , and 
water [ 3 ] . In some references ash and egg-white are also included in this 
composition, but there is no evidence concerning the exact ratios of these 
materials . In this study , powdered brick , hydrated lime , and fly ash were 
used to develop a binder to fulfill these needs . 

Materials 

One of the most widely used building materials in Turkey is fired brick . 
About 10 % of the 800 million bricks produced in 1988 were deformed , 
irregular or damaged . These by-products are not utilized in any way . For 
the purpose of the present study these wastE'E were crushed and reduced to 
fine powder ( see fig . 1 ) . Hydrated lime , available in commercial paper 
sacks , was also used. 
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Fig. 1: Grain size distrubition of Powdered Brick , Lime and Fly ash 
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The other ingredient , fly ash, is a by-product of the coal combustion 
process at power plants . To prevent air pollution caused by thermal plants , 
electrostatically precipitated fly ash accumulates daily throughout the 
world in enormous quantities . This quantity of by product causes serious 
environmental , technical , and economic problems that need to be solved [ 4 ] . 
Fortunately , this fly ash by product can be effectively utilized because it 
is a pozzolana siliceous material which , in the presence of water , will 
combine with lime to produce a cementitous material . 

In the present study fly ash samples from Soma B thermal plant were 
used in experiments . This plant consumes 1 . 75 million tons of low calorie 
lignite ( 2400 kcal/g ) every year , with a 41 % c-type ash output . The 
chemical and physical properties of the ash are shown in Tables 1 and 2 .  

Table 1 : Chemical Properties of 
Soma B Fly Ash 

Compound Chemical Composition 
by weight ( % )  

Si0
2 4 7 . 4  

A1203 25 . 1  

Fe203 6 . 8  

CaO 12 . 1  

MgO 1 . 44 

S03 1 . 60 

Ti02 0 . 60 

Na20 0 . 10 

K20 0 . 50 

P205 0 . 30 

Loss on 1 . 1  
ignition 

Undet . 2 . 96 

Experimental Studies 

Table 2 : Physical Properties 
of Soma B Fly Ash 

Property Value 

Specific gravity 2 . 39 

Min. unit weight 1 . 00 g/cc 

Comp . unit weight 1 . 18 g/cc 

% Passing # 40 sieve 98 
" " 100 " 96 

" " 200 " 92 
" " 325 " 84 

Specific surface 
2 

2830 em /g 

Pozzolanic activity 82 kg/em 
Index 

Various amounts of fly ash and lime were added to brick powder to start 
pozzolanic reactions and to increase the mechanical , physical and workability 
properties of the compositions . 

Dry and wet mixing procedures of the mortars were accomplished by means 
of a homogenizer and a Hobart mixer to ensure uniformity. Fabrication of 
the specimens was accomplished by table vibration in steel forms . The 
specimens were then stored under laboratory conditions until testing . 
Standard 4 x 4 x 16 em prism specimens were tested for flexural and 
compressive strengths . 

Compressive strengths were determined on 'portions of prisms broken in 
flexure test .  A series of the tests were repeated on duplicate specimens 
soaked in water for four hours . 

Compositions and their respective flexural and compressive strength 
variations are shown in figures 2-5 . 

Some of the mixtures have also been tested for their sui tabili ty as a 
binder material in adobe bricklaying and in plastering adobe walls . 

Conclusions 

From the preceeding tests and information, the following general observations 
and conclusions can be stated : 

1 .  The generally required compressive strength for adobe bricks is about 
1 . 0  N/mm 2. Even the lowest compressive strength of the test series is higher 
( 1 . 2  N/mm 2 ) than this value . In some compositions ( 85% powdered brick , 
12% fly ash, 3% lime) this value reaches up to 8 . 3  N/mm 2 in 28 days . 

2 .  The main deficiency of adobe structures is tneir susceptibility to 
water damage . The mechanical properties of the duplicate specimens did not 
decrease meaningfully even after four hours of soaking in water. This can 
be attributed mainly to the pozzolanic properties of fly ash and lime . 
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3 .  The color of mixtures can be altered from red to grey within a wide 
range by changing the proportions of the ingredients . This procedure does 
affect the mechanical properties , but this does not create a problem due to 
adequate mechanical properties of all compositions . 

4 .  These pozzolanic mixtures can be used for a variety of purposes and seem 
to be an ideal preservation and restoration material since they may be used 
in brick forming , repairing , and plastering , or as a binder. 

5 .  The plaster application of some compositions to test walls was quite 
efficient and very few shrinkage cracks were observed . 

6 .  Uni t weight of specimens varied from 1 .  285 g/ cm
3 

to 1 .  260 g/ em3 
. 

Coefficient of thermal conductivity A was determined as 0 . 202 kcal/mh C for 
the mixture stated in item 1 .  These results indicate that these mixtures 
may be used in manufacturing structural elements in the form of panels or 
blocks . And if further tests reveal positive results , these structural 
elements may be economical too , since the two main ingredients , fly ash and 
brick powder ,  are discarded by-products . 
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ABSTRACT 

Efforts are underway to preserve 
tradi tional buildings in the King
dom of Saudi Arabia .  Much of this 
work is being concentrated at 
Dir ' iyah , the original capital of 
the ruling Sa ' ud Dynasty.  A ruin 
since 1818 , historic Dir ' iyah is 
under the administration of the 
Department of Ant iquities and 
Museums . Work at the site involves 
researching the his tory of the 
site , investigating and analyzing 
the surviving structural remains , 
underst anding and developing tra
dit ional building craf ts  and tech
niques , developing stabilization 
and interpret ive plans for signi
ficant buildings and the site in 
general , the construct ion of an 
on-site museum , and the s elective 
reconstruction of s ignif icant 
buildings in the al-Turaif Quarter 
of the old city of Dir ' iyah . 
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Naj d 
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stabi lizat ion 
recons truct ion 
climate 

1 .  Aerial view of Dir ' iyah 
showing the locat ions of al-Turaif 
and other quarters of the city.  
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The site  of Dir ' iyah includes both palaces of the rulers and houses of the common 
people . The vast scale of the ruins , including those of the large palace s ,  
represents a n  enormous task in the preservat ion and interpretat ion of the site . 
A maj or problem in researching and analyzing Dir ' iyah ' s  structures is the devas
tat ion they received at the hands of the Egyptian army . This ,  in combination 
with 130 years of neglect and weathering , has left many structures only as wall 
f ragments .  As a result of the rapid growth and development occurring in the 
Kingdom , in Riyadh , and in the new Dir ' iyah suburb in part icular , there are 
fewer and fewer comparable surviving structures on which to base research . 

Historical Overview 

The deserted city of Dir ' iyah , impressive today in its ruins , is the foremost 
physical symbol of the longest rul ing dynasty in the Arabian Peninsul a ,  the 
dynasty of Sa ' ud .  This f amily made its beginnings there in 1446 , founding 
Dir ' iyah as a farming homest ead . Through a combination of successful agr iculture 
and local leadership it  steadily increased its inf luence over adjoining terri
tories . With increased pol it ical inf luence , Dir ' iyah grew f rom a few family 
houses to respectable township size . Throughout , it maintained its pol itical 
independence and , by its third centennial ,  Dir ' iyah had become a we ll-established 
and respected town in the central Naj d .  

I n  1745 , the Saudi rulers entered a new phase o f  their history . First 
giving refuge to the f iery preacher and reformer Muhammad bin Abdul al-Wahhab , 
then j oining his cause to promote morality and pious government , the Saudis 
became leaders of a reformi st  government which grew over the next seventy years 
to encompass nearly all of the Arabian Peninsul a .  

Dir ' iyah remained the capital throughout this period of expansion . It 
underwent its greatest growth at this time , both in terms of buildings and popu
lation . By 1810 annual taxes were collected from as far as the Hij az , Yemen , 
Oman , and the desert reaches of Iraq and Syria . While most taxes were spent on 
the burgeoning state ' s  army , as much or more was distributed as welfare . Some 
funds were also earmarked for buildings in Dir ' iyah as well as to house and 
maintain the ever increasing number of court ret ainers ; Sa ' ud bin ' Abdul al
' Aziz had perhaps 1700 in residence at his death in 1814 . 

At the peak of its  expansion the Saudi state suffered a severe setback at 
the hands of the Egyptian army of Mohammad Al i .  For Dir ' iyah it was a death 
blow . Marching first into the Hijaz in 1811  to res tore the Ottoman flag to the 
Holy Cities of Is lam (Makkah and Medinah ) , Mohammad Ali then det ermined to des
troy completely the Sa ' ud dynasty that had seized them . In 1818 Dir ' iyah fell 
into Egyptian hands after f ierce f ight ing . The captured Saudi ruler ' Abdullah 
was sent off to Istanbul and death;  Dir ' iyah was evacuated and razed to prevent 
it f rom ever rising again.  

Mohammad Ali ' s  plan failed in one respect ; the Sa ' ud family he thought 
thoroughly subj ugated rose only a f ew decades later to rebuild their independent 
state . Their capital , however ,  was moved to Riyadh . After abortive attempts 
to rebuild Dir ' iyah immediately following the disaster , the city was ultimately 
left in ruin , deserted.  Today its  ruins st and as a living historical test imony 
of the ancest ral home of the Sa ' ud family and their f irst period of rule over 
the peninsula.  

The Development of Dir ' iyah 

The Naj d is a great plain of gravel , striated by sand bars , with occasional 
outcropping mountains . Settlement s are found primarily in the eastern por tion , 
grouped along the Jabal Tuwaiq Escarpment . . Dir ' iyah is located in the center 
of this arc , in the Wadi Hani fah .  

AI-Dir ' iyah is a n  oasis approximately 20 kilometers northwest  o f  present 
day Riyadh ( see f i g .  1 ) . The wadi , a narrow ribbon hemmed in by abrupt cliffs  
on both sides , f lows southeast through the upper part of the oasis , bending east 
before pass ing through the main settlements . Date gardens are on a raised step 
above the valley floor , protected from the f loods by a levee of large stone 
blocks as high as 3 meters . 

Author to whom correspondence should be addressed . 
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\ 
2 .  Plan of the al -Turaif Quar
ter showing the locations of the 
Palace of Omar ( 1 ) , the Subaalat 
and Mosque of Moudhi ( 2 ) , and the 
al-Turaif fortif icat ions ( 3 ) . 

3 .  Aerial view of the al
Turaif Quarter of Dir ' iyah taken 
in the 1950 ' s .  

4 .  Sketch of the box frame (al  
Milben) used for making adobe 
bricks . 

5 .  Sect ions illustrating typi
cal types of f loor/roof construc
t ion . 
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Evolving into an integrated group of hamlets and date groves within and 
along the wadi , Dir ' iyah ' s  fortif icat ions were gradually extended to encompass 
increasingly larger areas of set t lements and agricultural activi t ies . By the 
late eighteenth century Di r ' iyah was enclosed by a perimeter wall over 1 5  km in 
length . The evolut ion and construct ion of the al-Turaif Quarter of Dir ' iyah ( see 
f igs . 2 ,  3) for the Sa ' ud family and their retainers indicates the increase of 
poli t ical power and inf luence they , and Dir ' iyah as their capital , came to exert 
on the Naj d .  

Najdi Society 

Naj di society was the least influenced by non-Arab elements because of its  remote 
locat ion from the coastal areas . But this society was not complet ely isolated 
as the Najd was situated on the major t rans-Arabian caravan routes connecting 
the Red Sea , Makkah , and Medina on the west with the Gulf  and Syria on the east 
as well as Yemen in the south . It  was , perhaps , the religious a t t itudes of this 
area during recent centuries that t ended to make this area appear more remote 
and less open to foreign ideas . 

Dir ' iyah began to grow and become more 
porters of Shaykh Muhammad bin Abdul Wahhab . 
a center of learning , a magnet for merchants , 
work .  

cosmopoli tan a s  i t  at tracted sup
And as it grew , Dir ' iyah became 

and a focus of people looking for 

Saudi Tradit ions and Techniques in the Use of Adobe 

Naj di archit ecture may be termed " tradit ional"  or "vernacular" in that it has 
been generated by a regional response to climate as well as social and pol it ical 
considerat ions . Maj or factors def ining this design tradit ion in the Najd were 
building materials and available skills . Tradit ional building changed little 
between the time of the first Saudi state and the mid-twentieth century. The 
structures surviving at Dir ' iyah thus provide a continuing basis for under
st anding this vernacular t radit ion . 

The tradit ional architecture of the Naj d is dominated by adobe construc
t ion . Yet the st ructures of Dir ' iyah frequently have numerous courses of cut 
limes tone as foundat ions . Geological circumst ances provided the Dir ' iyah area 
with an abundance of stone . The natural layering and fragmenting of the stone 
wadi cliffs  allowed for relatively easy quarrying . The concentrated use of stone 
indicates that labor was imported from other regions where knowledge of stone 
cons truct ion was more advanced . 

There were also specialists who made adobe bricks using rectangular wood 
frames ( al milben, see f i g .  4) which were set on level ground and f i lled with 
wet mud .  The clays and sands o f  the region are particularly well-suited for 
making adobe bricks and plasters . Adobe was also used as a roofing mater ial . 
Supported by wood logs ( t amarisk and date palm) set close together , the logs were 
covered by a thick palm frond mat layer which was , in turn , covered by a thick 
layer of adobe mud to form the roof (see f i g .  5 ) . Other specialized craft smen 
did the plastering and decorated doors , windows , lintels , and beams . 

At al-Turaif extensive coursed stone foundations were used in combination 
with adobe brick walls . Walls were also constructed with various layering tech
niques utiliz ing stone fragments laid horizontally or in herring-bone fashion 
in adobe mud beds ( see f i g .  6 ) . Except for the exposed stone foundations , walls 
were coated with thick layers of adobe and gypsum plasters . Long thin stones 
were used to f rame many of the nonrectangular wall niches and openings , in par
t icular the tradit ional t riangular keel arch found in mosques ( see f ig .  7 ) . 
Logs were generally inserted into the walls as lintels for rect angular doors , 
windows , and niche openings . 

Saudi architecture relies on pos t-and-beam cons truction .  Roof joists were 
set directly into the adobe walls , while larger beams sat on st one plates set 
into the walls to dist ribute the load and to prevent the adobe bricks from crush
ing . Columns were used to develop large interior spaces (see fig.  8 ) . These 

, consisted of rough-hewn cylindrical stone drums set in adobe mud mortar and 
f inished with a coat of gypsum plaster . Each column had a rectangular f lat 
stone corbel capi tal that suppor ted the large multiple log wood beams . 

Water removal was handled by downspouts placed about the perimeter of 
exposed roof areas ( mirzam, see f i g .  9 ) . These consisted of half-hollowed 
tamarisk logs bui l t  into the roof const ruct ion . Roofs were sloped towards these 
downspouts , which were notched at the outer end to provide a drip to  throw water 
away from the wal l s .  

Ventilation openings were of maj or importance i n  control ling the climate 
of the interior spaces . Dir ' iyah ' s  buildings exhibit a wide variety of pat terns 
of small triangular and rectangular openings in the upper levels of exterior 
walls ( see f igs . 10 - 1 1 ) . These openings provided ventilat ion and privacy as 
well as being decorat ive . During the winter months the openings were plugged 
with mud plaster to prevent the entry of winter cold and to help retain heat . 

Decorative crenelat ions ( shurofa t mudarrajah, see f i g .  1 2 )  were found on 
parapet walls at the roof level and on courtyard rail ings . These provide modest 
decorat ion on the otherwise s tark , massive bui lding forms . Ornament and display 



6 .  Example of  horizontal 
coursed s tone used in in wall 
construct ion . 

7 .  Example of stone keel arch 
construct ion typically used in 
mosque and public building con
struct ion . 

8 .  Detail of typical column 
cons truct ion showing both foot ing 
and beam . 

9 .  Detail of downspout (mirzam) 
construction .  

10 . Detail o f  the wall vent i
lation pattern on the Sa ' ad 
Palace . 
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were generally restrained because of the prevail ing conservat ive rel igious atti
tudes against ostent at ion . The vas t ,  stark walls were subtly textured by the 
broad-toothed scrapers that were used to apply the wall plaster . Inverted solid 
proj ect ing bands of triangular patterns w�re also used on the exterior surface 
both to decorate and deflect rain f rom the tall walls ( see f i g .  1 3 ) . 

Bright colors , in geometric and stylized patterns , were concentrated on 
the interior--doors , windows , and ceiling beams . Other int erior decorations were 
reserved for only the most important rooms , particularly the majlis ( the prin
c ipal recept ion room for male vis itors ) . Here it  was not unusual to f ind f ine 
white gypsum plaster with incised or pressed s tylized flowers and geometric 
mot i f s .  

Architecture as. a Response to Climate and Culture 

The Najdi climate heavily inf luenced the main architectural forms and choice of 
material s ;  the culture a f f ected the overall planning , detailing , and decorat ion . 
Regional houses are generally two s tories high , contiguous to each other along 
narrow s treets . Where the street plan permits , houses are rectangular ; however , 
it is more common for house forms to be irregular , imposed by the labyrinthine 
pattern of the streets . Dir ' iyah is an example of this organic type of community 
where large groups of buildings are divided by narrow streets . 

While Ii ttle  research has been conducted on Najdi town planning , fortunate
ly Riyadh was documented in the late nineteenth century , and much of the original 
plan survived unt il  the mid-twentieth century . Dir ' iyah , while a ruin , largely 
survives in plan , enabling a comparison with Riyadh . The two capital cit ies 
share a variety of similarities . The concentrat ion of houses was close to or 
surrounded the open squares that contained both mosques and markets , similar to 
the design that still  survives in many rural towns . The plan of Dir ' iyah has 
been succinctly described by Geoffrey King : 

AI-Di r ' iyyah , the former capital of the Al Su ' ud ,  is a special cas e ,  
for a s  the center o f  a great state , its buildings , their numbers , 
their scale and the extent of the fort ificat ions are all  unusual . 
Nevertheless , on the main citadel , al Turayf , the main f eatures of 
a Najdi settlement are still  observed in what is a well-preserved 
18th century town . Thus around the main mosque and an open area 
cluster the royal palaces and f urther out ,  the houses of lesser 
individuals . The whole was enclosed by wal l s .  The plantations and 
palm-trees are still  si tuated today below the main town in the wadi . 
Only its pecul iarly strong posit ion dis tinguishes al-Dir ' iyyah from 
other towns in the area : in other respects it has the same basic 
f eatures . [1 ]  

This community form had many advantages w ith  respect to both climate and 
culture . The narrow streets and courtyards provided pedestrians with protect ion 
from the sun and sandstorms . Attached bui ldings also limited the amount of wall 
surface exposed to the sun . With the f ronts of houses on narrow streets , doors 
and other openings were carefully organized so as not to interfere with those 
of a neighbor . The result was cooperat ive communal interact ion outdoors as well 
as privacy indoors for the inhabitant s .  

Building materials were also used a s  climate moderators . The combination 
of thick adobe walls as above ground shelter surrounding an open courtyard that 
provided light and vent ilation helped keep the inhabitants cool in the summer 
and warm in the winter . 

Equally unique are the cultural and spatial factors fostering a private lifestyle 
by providing outdoor space within the house--the introverted courtyard ( atrium) 
(see f i g .  16 ) . Courtyard houses frequently accomodated an extended family buil t  

around single o r  groups of linked courtyards , they permit ted t h e  free growth o f  
t h e  f amily . Houses were of ten modified o r  enlarged to meet the needs of the 
occupants and were fortif ied in time of war . 

Historical Documentat ion 

Few buildings in Dir ' iyah , or any other small Arabian towns and villages , are 
mentioned in wri t ten documents before the mid-nineteenth century . The remoteness 
of these sites , the lack of a written tradi tion , and the preference of non-Arab 
visi tors to record and discourse on the rel igious and social customs and habits 
rather than on the building arts make the documentation of specific  structures 
virtually impossible unti l  the development .of photography in the mid-nineteenth 
century. 

Known graphic documentation includes various sketch plans of towns that 
accompany the j ournals and accounts of visitors . Recorded more as a part of 
gathering political and military intelligence than for any interest in Arabian 
town planning concepts ,  only maj or physical sites and building complexes were 
noted.  Surviving historic photographs include many individuals and groups of 
people or general views that only occasional ly contain gl impses of structures . 
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1 1 .  Construct ion detailing of 
vent ilation pattern from the 
Mishari Palace . 
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1 2 .  Typical decorative wall 
crenellation design . 

1 3 . Example of proj ect ing 
t.riangle design used for both 
decoration and rain deflect ion . 

14 . The Palace of Omar as it  
current ly exis ts as seen from the 
wadi . 

1 5 .  Model o f  the recons tructed 
Palace of Omar . 
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S tabilization and Restorat ion Approaches 

The stabilizat ion and recons truction plans prepared for the various structures 
were very conservative in their approach . These plans were sensitive to the 
integrity of the historic structures as wel l  as to the materials and techniques 
of construct ion . 

Several principles were established to guide the process . First , recon
struct ion or repair work would not begin unt il  all the problems that had been 
causing the deteriorat ion of the adobe had been determined , analyzed,  and under
stood . Second , adobe building materials would be replaced or repaired with the 
same types of materials that were used originally.  Simi larly , tradit ional con
st ruct ion techniques would be util ized in the course of stabi lization and recon
struction work.  

A f inal principle was to resolve problems and retain original historic 
materials whenever . It was realized that the st ructures under invest igat ion were 
"evolutionary" in natur e ,  and when occupied they received on-going maintenance 
to renew protective adobe and gypsum plaster coatings . It was necessary to 
recommend the demolition of structurally unsound components and to recons truct 
them completely with new , compatible materials .  No uniform approach was pos
sibl e ,  but every area of the structures was evaluated with respect to the extent 
of physical intervention necessary to achieve total reconstruct ion . 

Where components of the structures no longer existed , recons truction pro
posals were based on historical evidence or phys ical evidence noted in contem
porary s tructures to al low for the accurate replicat ion of missing f eatures . 
The obj ect ive was to keep design speculat ion to an absolute minimum . 

Although a wide variety of new materials , in particular surf ace coatings , 
additives , and waterproof ing agent s are available and have been tested , the 
results to date indicate that mos t ,  if not a l l ,  of these modern materials result 
in various forms of chemical changes , discolorat ion , or are incompatible with 
indigenous materials . Recommendat ions specif ically ruled out the use of any new 
mat erials in the stabilization and reconstruct ion process , speci fying only tra
ditional materials and techniques . 

Project Program and Documentat ion Techniques 

Proj ect contracts called for a multiple-phase program consis ting of on-site 
analysis and test ing ; archaeological invest igations ; photographic and video 
documentation ;  architectural and historical analysis ; preparation of four sets 
of documentary drawings--existing condition , proposed f inal conf igurat ion , demo
lition , and reconstruction ; specif ications ; and bills of quantity.  In addition , 
the proj ect also cal led for several summary publications for use in site inter
pretat ion . 

Archaeological investigat ions conducted as part of the site documentat ion 
were designed to delineate suspected portions of wal ls and columns . These were 
sometimes partially extant but were buried under debris from the siege and sub
sequent weather-related deteriorat ion . Also documented were original finished 
f loor levels . Once these f eatures were determined , the overall clearing of the 
rooms and courtyards was undertaken . 

Rough excavation work was conducted with pick-axe and shovel , occasionally 
with trowel and brush , and the rubble removed was monitored for the presence of 
artifacts , a few of which were recovered at each site . Searching for ar tifacts 
was not a signif icant component of the excavations because Dir ' iyah ' s  occupants 
were given the opportunity to remove their possessions prior to the devastation 
of the site . 

The structures were visually and physically inspected to determine the 
physical condition and any structural problems . A room-by-room inventory and 
photo documentat ion was conducted to record material condi tions , structural 
faul t s , and surviving design component s .  Also carefully reviewed were surviving 
examples of tradi tional building techniques , structural detail ing , decorative 
elements , and f inishes . 

Our firms were involved in three projects at Dir ' iyah--the Palace of Omar , 
the Subaalat and Mosque of Moudhi , and the walls and towers of the al-Turaif 
Quarter . Of these three projects only the al-Turaif fortif ications have been 
completed . This proj ect involved three towers ,  including the Faisal and al
Wasita Towers , two bast ions , and several ki lometers of walls . 

The Palace of Omar bin Sa ' ud ( see f igs . 14 - 1 9 )  

The palace stands i n  a prominent posit ion high atop the wadi . While not the 
l argest of al-Turaif ' s  palaces , it  occupies a prominennt site . From the greater 
extent to which it  survived the 1818  siege , the Palace of Omar most likely served 
as one of a series of strongholds developed throughout the many lines of defense 
designed into the fortif icat ions of Dir ' iyah . The palace ' s  adobe walls rise two 
stories above the tall stone foundat ion . The oppos ite side of the palace faces 
a narrow lane in a residential quarter of al-Turaif .  



16 . Exist ing condition ground 
floor plan of the Palace of Omar . 

17 . Reconstruct ion ground plan 
of the Palace of Omar . 

2 0 .  The Subaalat and Mosque of 
Moudhi as seen f rom the wadi . 

2 1 .  Interior detail of 
Subaalat of Moudhi . 

the 
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The palace has a f ive-sided plan built around a nearly square two-story 
courtyard ( see f i g .  1 6 ) . The entrance connects  with the courtyard , which served 
as the principal private outdoor space . Some unresolved research quest ions 
concerning this site remain to be resolved:  ( 1 )  its  potential access directly 
to the wadi below and ( 2 )  the des ign of a suspected service courtyard surrounded 
by rooms attached to the west side of the main structure . 

Omar bin Sa ' ud was the son of Imam Sa ' ud ( the Great)  who ruled over the 
. state f rom Dir ' iyah at its height . He was also the grandson of Imam ' abd al
' Az i z ,  who played a large hand in put ting the state together . His older brother 
' Abdullah became Imam upon the death of their father in 1 81 3 ,  and it  was as a 
lieutenant of ' Abdull ah that Omar fought in the fat eful siege and battles of 
Dir ' iyah in 1818 . [2]  

18 . Wadi elevat ion of the palace 
as it  exists  today . 

, , . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  

19.  Wadi elevation of the recon
structed palace . 

The Subaalat and Mosque of Moudhi bint Ibn Wahtan ( see figs . 20 - 2 5 )  

Located a t  the edge o f  the eastern resident ial s ect ion o f  al-Turai f ,  the subaalat 
and mosque structure was badly damaged during the 1818 s iege . The subaalat , 
according to tradit ion , provided lodging for travelling merchant s .  It was a 
modest two-story structure bui lt around a long , narrow courtyard . Several doors 
located along an adj acent l ane provided temporary shop space for the merchants . 
The mosque connected to the subaalat was small and int imate , serving the immedi
ate community around it . 

The structure that we see today has been considerably altered over time . 
Formed from the components of earlier structure s ,  probably one or more resi
dences , the f inal conf iguration of this structure made it  an unusual hybrid . 
The mosque itself was altered and rehabilitated during the mid-twentieth century 
when al Turaif was again inhabited . 

2 2 .  Exist ing condition ground 
plan of the Subaalat and Mosque . 

2 4 .  Exist ing east elevat ion of 
the Subaalat and Mosque . 

2 3 .  Recons truct ion ground plan 
of the Subaalat and Mosque . 

2 5 .  Reconstruct ion elevat ion of 
the Subaalat and Mosque . 



26 . Faisal Tower prior to recon
struct ion as seen f rom the wadi 
below . 

2 7 .  The reconstructed Faisal 
Tower and part of the defense 
wal l .  

2 8 .  Exist ing condit ion ( top) and 
reconst ruct ion drawings (bottom) 
for the Faisal Towe r .  
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Moudhi was the wi f e  of Muhammad bin Sa ' ud ,  the first of the Saudi rulers 
to  espouse the reformist  cause of Muhammad bin ' Abdul al-li'ahhab . Her interven
t ion with her husband resulted in asylum being granted to the reformer and his 
fol lowers ,  a fateful all iance upon which the success of the Saudi dynasty and 
the li'ahhabi movement were based . [ 3 ]  

The AI-Turaif Fortif ication li'alls (see figs . 26 - 30)  

The al-Turaif walls are one component of Dir ' iyah ' s fortif icat ions and are 
similar in �esign to  fortif icat ions at other locat ions in the region . The walls 
that surrounded Dir ' iyah were punctuated by rectangular and circular towers at 
relat ively regular interval s .  These towers not only butt ressed and st rengthened 
the walls , they also served as observation pos ts  and defensive pos it ions for 
cannon . Special f eatures of the al-Turaif walls are proj ect ing rectangular 
bast ions for cannons . 

The al-Turaif fortif icat ions are a combinat ion of extensive rough-coursed 
stone construct ion combined with adobe brick for parapet walls . These were , 
nearly everywher e ,  f inished with a coat of adobe plaster . The wal ls typically 
have a dist inctive batter and vary in thickness . Maj or walls consist of outer 
and inner stone layers with an inner cavity of stone and rubble f i ll . 

The walls had a rampart level protected by a tall parapet wall constructed 
of adobe bricks in which were found numerous smal l shooting and observation 
loopholes ( mizghal) .  Fort ificat ion walls may also have had decorative stepped 
crenellations ( shurofa t mudarrajah) on the parapets . [4] 

21 == . . 
2 9 .  Exis t ing condition and re
construction drawings of a defense 
tower and bastion at al-Turai f .  

Conclusions 

3 0 .  Exis t ing condit ion (right ) 
and reconstruct ion elevat ions 
(lef t )  of the al-li'asita Tower at 
al-Turai f .  

li'ith the rapid development and moderni zat ion of Riyadh , its  suburbs ( of which 
new Dir ' iyah is one ) , and other parts  of the Kingdom of Saudi Arabi a ,  t radit ional 
his toric structures are being demolished at an incredible rat e ,  the intent being 
first an4 foremost to modernize the services and infrastructure of the Kingdom . 
In the midst of thi s ,  the preservation of the historic capi tal of Dir ' iyah is 
being undert aken by the Department of Antiquit ies and Museums . 

The mission of the department is to maintain , document ,  and , in select ive 
cases , recons truct significant historic structures at the site  in order to 
interpret the three centuries of history of this site for current and f uture 
generat ions of Saudi Arabians . In interpret ing a site of this scale and com
plexity it is easy to help the visitor to transport himself f rom the culture of 
the twentieth century to the reality of an historic city which was once one of 
the largest cities in the middle of the Arabian Peninsula .  

The process of recons tructing signi f icant examples o f  his toric structures 
not only helps visitors to  understand the past history of the Dir ' iyah , the Naj d ,  
and the Kingdom through its  building a�ts , i t  also results in new people being 
trained in the tradit ional methods of cons truction ,  preserving and passing on 
craf ts  and t echniques to f uture generations . 
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Introduction 

1 59 

Acoma is a living monument and one of the unique treasures of North America. 
Its history and isolation from modern influences provide an unequalled 
opportunity to experience the past. The very qualities that make it unique also 
make its preservation more difficult. Preservation work at Acoma is su bject to 
disciplines and pressures that are seldom encountered in preservation activities 
of this magnitude at other sites. 

Acoma is a group of adobe and stone buildings located on top of a 350 
foot high sandstone mesa, approximately 55 miles West of Albuquerque, New 
Mexico. The basic community pattern is comprised of three rows of house 
blocks,  one to three stories high, oriented on an east-west axis. A monumental 
church is located south of the housing area. A valuable resource for restoration 
planners is the collection of Historic American Buildings Survey drawings, 
1 934. [ 1 ]  

Acoma Sky City Area " C" ,  ca. 1890 Museum of New Mexico Neg. # 16042 

Although the precise chronological orlgms of Sky City are not known, is was an 
established community at the time of the first Spanish contact by Alvarado in 
1540 AD. Its origins are believed to date several hundred years earlier ,  making 
it one of the oldest continually occupied settlements in North America. The 
earliest description of Acoma was given by Francisco Sanchez in 1581 ,  where he 
reported finding "500 houses of 3-4 stories. " [ 2 ]  The 1980 Graham Report SKY 
CITY PLANNING inventories a total of 369 dwellings, 107 of which were recently 
constructed. [ 3 ]  This indicates a 50% decline since 1581.  

In 1 598. in reprisal for the death of thirteen Spanish soldiers ,  V icente de 
Zaldivar, organizer of the avenging company ,  ordered amputation of one foot 
from the body of every Acoma male over 25 years of age, enslaved all the 
Acoma people for 20 years ,  and razed the buildings of the community. [ 4 ]  This 
severe punishment affected the Acoma community tragically and shocked the 
Spanish authorities ,  who later punished Zaldivar for his actions. His cruelty 
resulted in a distrust of outsiders which understandably persists to this day. 

The next significant event was the resettlement of Acoma and the 
construction of a large church by the Catholic priest Fr. Juan Ramirez between 
1 6<::9 and 1 640. The form and pattern of the house blocks as they exist today 
were built at that time. The original Sk

-
y City dwellings reportedly were 

located in the vicinity of the present-day church. 
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Very little archaeological investigation has been done at Acoma, a 
situation common to most occupied pueblos. The culture and traditions of most 
pue blo communities make it u nlikely that such investigations will ever be  
feasible unless undertaken exclusively b y  Indian personnel. The pre-Spanish 
buildings reportedly were of rubble stone, laid in mud mortar. Although this 
has not been proven ,  it seems likely that stone was the primary building 
material considering that, by most accounts, "adobe b rick s "  were introduced b y  
·the Spaniards. However, i f  stone was the b uilding material o f  the 500 dwellings 
that were destroyed ':J y  Zaldivar in 1 598, what happened to the stone? No 
sig nificant accumu lation of stone has been found,  either in b uilding walls or at 
the base of the cliff. Reportedly,  some, if not all, may have been used in the 
construction of the retaining wall at the " campo santo" ( graveyard ) on the east 
side of the church. The Acomas are very sensitive about the disturbance of 
burial s, so there is little likelihood that any further investigation will be 
allowed. 

The earliest u se of adobe bric ks at this site was in the construction of 
the church, where a b rick size of 10" x 19" x 3"  was used [ 5 '1 .  This same 
brick size is found in the wall construction of the areas of Acoma presumably 
built  during or after the construction of the c hurch. This dating was further 
e s t a b lished by tree ring studies by the University of Arizona, which indicated 
that virtually all limbers in one house block ( Area "C" ) were cut in 1 646 [ 6 ] .  

T h e  soil source for the adobes a n d  the site of their fabrication has not 
been determined. Quite possibly ,  the bricks were made in the valley below and 
were trans ported to the top of the mesa after manufacture. There is very 
little, if any, natu rally occurring soil or water for making b ricks on top of any 
of the nearby mesas, so we may presume that Acoma was the same. Although 
no precise estimate has been made, hundreds of thousands of b ricks were 
req uired. Adobe bricks are very heavy ( 100 lbs per cu. ft. ) It would be more 
practical to carry only the weig ht of the finished b ricks up to the construction 
site rather than soil and water,  which would then evaporate after drying. Soil 
samp les were taken from building walls and plaster, analysed for minerology 
and compared with several possible soU sources in the vicinity, but the results 
were inconclusive. Perhaps the variable nature of any given soil source makes 
precise determination impossi ble; thi.s factor is another complication in 
developing adobe restorat.ion techniques. 

l'.reservation Goals 

Acoma is a time capsule of a 16th century native culture that has been 
relatively undisturbed. It must be preserved as intact as possible so that the 
wealth of information it contains will not be lost. Some features have already 
been lost through neglect and modification by their owners. New doors and 
windows, cement stucco, and other modern features represent improvements in 
the mind of the owners. who may fail to see the historical value of the original 
structures. When restoring pu blic monuments or property, preservation teams 
call apply their principles of restoration ethics with free rein. But Acoma is 
p rivate propert. y ,  and the owners have the right to make the final 
determinalion. The values for preservation of this resource are manifold: 

1. Prevent loss of historic examples and the cultural heritage they represent 
to further the Acoma's understanding of their own heritage and educate 
other cultures. 

2. This resource has great economic value to the Acoma people. Its 
continued preservation provides tourist dollars, a primary income source 
for the pueblo. Many village leaders are aware of this, and the 
cultivation of preservation attitudes can only be accomplished with their 
help. 

3. The age and lack of maintenance of many of these buildings has 
created a safety hazard to both occupants and tourists which must be  
mitigated. 

4. The construction work. req uired for the preservation and continued 
maintenance of these buildings represents a source of employment for 
the Acoma people, and makes use of their natural resources of stone, 
wood and earth. 

5. As there is constant turnover in construction personnel, it is desirable to 
devise a logical, standardized plan for a system of maintenance, repair 
and reconstruction which reflects historic detailing. This could be used 
for future guidance for the Acoma community. 
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Implementation Problems and Conflicts 

For several years, the United States Department of Housing and Urban 
Development has offered annual Community Development Block Grants for 
housing rehabilitation to Native American communities on a competitive basis. 
Conditions of these grants provide that work on historic buildings follow The 
Secretary of The Interior's Standards for Rehabilitation [ 7 ) ,  in order to 
preserve and protect historic resources. 

Acoma is a special case because it is an occupied community owned b y  
individuals, as compared to a ruin or monument that is not privately owned. 
The grant program under which this rehabilitation was to be done was a 
Community Development Block Grant, presumably conceived for more 
conventional housing which would. not have the historic restoration 
complications presented by Acoma. The responsibility for overseeing the 
application of the " standards" was delegated to the Historic Preservation 
Division of the New Mexico State Office of Cultural Affairs. 

161 

In the past ( 1983-85 ) ,  several problems developed during funded projects 
at Acoma. Asphalt emulsion stabilized ( waterproof ) adobe bricks were used for 
reconstruction and repair is one example. Although the Acoma builders believed 
this material to be a more durable brick than the original plain mud type, the 
final wall finish was to be of natural mud plaster, which would not adhere to 
the asphalt surface, and eroded in a matter of weeks. Other non-historic 
features installed without prior official approval were wall buttresses placed to 
reinforce sagging historic walls. Window groupings that had no historical 
justification and modern style doors were installed. In response to these 
problematic alterations, the Historic Preservation Division required that Acoma 
Pueblo employ an architectural consulting firm experienced in preservation and 
skilled in adobe technology. The author's firm, Paul G. McHenry, Jr. and 
Associates,  Architects, was selected to mitigate past mistakes and to provide 
guidance and supervision for the future reconstruction and rehabilitation of 
Area " C " , one of a number of designated areas at Acoma. 

Mud plaster erosion from asphalt stabilized adobe bricks. 
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Architectural elements without historical background; 
buttresses and side by side windows. 

Preservation standards related to these projects were affected by the following 
factors: 

1.  The Acomas are a proud and independent people who strongly resist any 
efforts to control or influence them, and they view Acoma as their 
private domain. Outsiders are not welcome except as tourists or personal 
friends. Many of their religious activities exclude outsiders, and very few 
outsiders are welcome within the buildings. The crew that prepared 
the Historic American Buildings Survey noted this fact in 1934 and that 
access to some of the rooftops was limited as well. 

2. Many of the Acomas do not live on the mesa top full time, and have 
homes in the valley below, closer to their farms and work, so the historic 
houses are used more for special ceremonial occasions than as primary 
residences. As a result, individ ual homeowners were not always readily 
available for consultation ab.out preservation details for their home, 
although a growing number of families are living at Acoma on a full time 
basis. Individual homeowners were not always sympathetic with 
preservation ideals, and they want to install modern amenities of their 
own choosing. 

3. The affairs of the pueblo are managed by a Governor and tribal Council 
who are elected each year. The Cacique is the religious leader. It is 
interesting to note that although the tribal officials are all male, 
Acoma is a matrilineal society, so title to the home is held by the 
woman of the family. 

4. The budget for rehabilitation as originally conceived by tribal 
planners was intended for the employment of tribal members, so any 
expenditure outside the pueblo was strongly resisted. 

The primary conflict in the implementation of this project was one of attitudes: 
a resentment by the Acomas when they were told by preservation oversight 
authorities that they must do the rehabilitation in a certain way or lose their 
funding; a lack of sensitivity on the part of historic preservation authorities to 
the needs and desires of the private owners, to which the owners were 
entitled. 

Initially, a common attitude on the part of the Acoma leaders was that 
they knew more about their building technology than outsiders, and 
unfortunate past experiences with "expert" consultants had reinforced this 
attitude. They did not realize that, although many of the construction crew 
were skilled in modern building techniques, their earth building skills had been 
diminished or lost through time and lack of use. 

The problem of the mud plaster and asphalt bricks could not totally be 
resolved, but an improved and more durable mixture was developed. Bruce 
McHenry of the architect's staff, an expert on mud plaster, discovered that the 
soil mixture being used was faulty: the main ingredient was " blow sand",  The 
rounded particles of blow sand (as opposed to the angular particles of " sharp 
sand " )  would not interlock with each another to create a consolidated mass. By 
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the substitution of coarser, more granular sand particles,  which the Acoma crew 
called " gravel " ,  a much more durable mud plaster could be achieved. Through 
experimentation, demonstration, and the active involvement of the architects, 
staff, and construction crews, many lost skills were regained by the Acomas 
and a team effort was created. 

A major point of disagreement and conflict was the retention of the earth 
floors on the upper levels. These were historic features of great interest, and 
which had value in an archaeololl:ical context, but the owners did not want dirt 
floors. The floors were unpleasant to live with, smelled terrible when 
disturbed, and were unsanitary, carrying the refuse of centuries. The final 
result was that many earth floors were removed. Construction scheduling and 
lack of proper budgeting dictated that only minimal archaeological investigation 
would be done. The archaeology was done by an Acoma archaeologist with only 
a few weeks training, and who received only minimal cooperation from the 
construction crews. The archaeologic investigation consisted of a small number 
of test pits and the stockpiling of the earth material removed for later 
examination. Artifacts found were returned to the home owners for their 
disposal. The conflicts could have been mitigated by additional planning and 
consultation leavened with sympathetic attention to the owner's needs. 

In order to minimize the costs required for architectural planning and 
documentation and to meet the Standards, an innovative approach was required. 
A simple photo and drawing scheme was proposed by the architect to create a 
project "workbook" with pa�es for each individual house. The photography 
was done at minimum expense using 35mm black-and-white film. Each photo 
used for the work book was enlarged to a 5" x 7 "  print and mounted on an 8-
1/2" x 1 1 "  sheet of paper which was incorporated in the work book. Additional 
photos were taken of significant interior details and elevations after completion 
to provide full photo documentation. A floor plan and tront/rear elevations were 
drawn approximately to scale for each level of each house, prepared from aerial 
photos and limited field measurements. These were grouped in sections of the 
workbook appropriate to each house unit. An overall elevation drawing and 
floor plan was prepared for the entire house block • 

1.!"" t "i t,:�� • � lit. (. 
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Sample pages from workbook. 

Originally each detail required approval by the New Mexico Historic 
Preservation Division Office prior to construction. The the difficulty in 
gaining entrance to individual houses, obtaining the advice and approval of the 
owner, and construction scheduling made this unworkable. Therefore, a plan 
was adopted to request approval in principle of the overall plan, with smaller 
details left to the discretion of the architect and the construction foreman. 

Additional sections of the workbook included standard details of expected 
repairs common to several buildings, drawn in an isometric style for easier 
understanding by the construction crews. A section for historic photos was 
created with suggested approximate photo points. Before and after photos also 
proved beneficial. This system accomplished two necessary steps: 
documentation of condition of the monument, and simple directions for repairs 
and improvements at minimal cost and complication. 

The participation of individual homeowners in determining the nature and 
extent of preservation of their homes was paramount. As individual 
homeowners, they are entitled to do anything they wish to do u sing their own 
funds. There are no regulations to control the owner's choice of style or 
architectural elements at this time, although community leaders have debated 
the merits of such a regulation. 
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In order to achieve maximum results in historic preservation for this and 
future projects, it was vital to seek the support of the construction crew 
leaders. Preservationists take the position that as this work is being done 
with Federal funds, the Acomas cou ld be told exactly what they must do. W hat 
was overlooke d  was the fact that this was a "reha bilitation" project to improve 
the safety an d livability of these peoples homes ,  as compared to a 
" preservatio n "  project, which wou l d  have much more stringent disciplines. 

Area "e" north side, before rehabilitation. 

With the approach tak e n ,  most of the preservation goals were achiev e d ,  
and t h e  su bstance o f  t h e  resource preserved. U nfortunately.  some historic 
featu res were lost or replaced , such as adobe walls, doors. and windows that 
were considered unrepairable. Salvage was elaimed by the owners. who 
disposed of it as they saw fit. Most of the original dirt floors were replaced at 
the insistence of the owners. This c han ge was generated for sanitation 
reasons, and could be partly justified by the fact that these were interior 
features which wou l d  not b e  seen b y  the public .  

The Secretary of the I nterio r ' s  Standards for Rehabilitation is a 
remarkable document in that it wisel y anticipates and provides for resolution of 
conflicts such as were experienced on this project. Key phrases in the ten 
" standards" include: " . . .  every reasonable effort . . .  , . . .  avoided when 
possible . . . . . . .  rnay have taken place . . .  , . . .  w herever possible . . .  ", etc. 

Q91!f�u sions and Recommendations 

I. A clear choice must be made during the planning stages of a historic site 
project between " H istoric Preservation" and " Rehabilitation" standards. 
which are very different approaches. The former not only implie s ,  but 
requires heroic measures which can b e  very costly. and the latter 
provides some practical flexibility. Perhaps the only suitable su bjects for 
true historic preservation are those owned by a government agenc,v .  or 
whose title and control are hel d by an entity dedicated to its pristine 
preservation without regard for personal profit or third party motives. 

2. Funding for any preservation/rehabilitation project should be made 
available in two discrete phases. The first phase shoul d  include funding 
for detailed investigation and determination of probable costs by qualified 
personnel or consultants. The second p hase provides funding for the 
actual project, and should include contingency allowances. Such duaJ 
phase funding would allow ::;. realistic aRsessment of probable costs and 
alternatives prior to determination of final goals and costs. 
U nfortunatelY, funding for many current projects is allocated prior to the 
d"term ination of specific goals, and the competition for these available 
funds can s k ew the final results unnecessarily. 

3. Local zoning laws. re gulations or recommendations shou l d  be established 
and put in place by the people who would benefit. so that it would not 
be viewed as outside interference in local affairs. 
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ABSTRACT 

T raditional mud brick te ch
nology repre sents an attrac
tive alternative in the 
construction of low-cost 
structure s . 

Lime i s  one of the o lde st 
substances used to s t ab i l i z e  
e arthen mate ri als . N ineteenth 
century lime-stab i li z e d  mud 
b ri ck found in B ahia has 
been sub j e cted to laboratory 
ana ly si s .  Since analy s i s  of  
lime -- Ca ( OH ) 2 -- containing 
materials is di fficult due 
to the s low time course of 
the carbonation proce s s , a 
method of reducing the 
reaction period from months 
to a few days has been de
ve loped .  This proce s s  has 
been used to test adobe s 
stabi lized with lime . 

KEYWORDS 

Soi l- lime stabi li z ation , 
acce lerated carbon ation , mud 
brick , e arth walling , adobe , 
restoration of earthen mate
rials . 
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T HE STUDY OF ACCELERATED CARBONATI ON OF LIME -STABILIZED SOILS 

Mario Hendon9a de Olive i ra '" - Cybele Ce lestino b antiago and Sil
via -Pimenta d ' Affonseca 
Faculdade de Arquitetura da Universidade Federal da Bahi a 
Rua Caetano Moura , 12 1 - Federa9ao 
40 . 2 1 0  - S a lvador - Bahia - Bras i l  

Introduction 

It is commonly assumed by those people who study the hi story of 
architecture that wood and mud were the first bui lding materials 
t o  be used by men .  Mud , which is  a very cheap mate rial , has been 
continuous ly used in many different and s imple ways : by throwing 
it against a rudimentary frame made of wooden stick s , as amorphous 
mud brick s , as plano-convex adobe brick s  [lJ , as lath-and-plaster 
wall , " pis€! de terre " , c l av stuccoe s , etc . Although these tech
nique s  were s ometime s  ephemera l ,  according to Vitruvius they had 
great pre stige ( especially in the case of adobe s ) . [2J 

The low cost of e arthen constructions i s  important when de 
ve loping alte rnative bui lding techniques parti cularly in third 
wor ld countrie s .  

The performance of soi l bui lding materials depends not only 
on the composition of the minerals that constitute them but also 
on the granulometry of the aggregate s ,  on the rate c l ay/inert ma
terials and on such f actors as the per cent moi sture content of the 
mixture . 

The studies and ana ly s i s  of ancient e arthen materials demon
strate that our ancestors were fami li ar with the use of that tech
nology . By experience and tradition , they were able to produce ma
terials of good stabi lity with an optimal distribution of parti
c le s .  

I n  Braz i l ,  the use of s imple bui lding techniques with e arthen 
materials date s from the colonial period ( sixteenth century ) . Con
trary to other n ative peoples in the Ameri cas , Braz i li an I ndian s  
were not very familiar with e arthen materi als . They pre ferred wood 
and palm leave s as bui lding materi als . Old documents contain much 
information concerning the use of lath-and-plaster and " pi s€! de 
terre " , These documents des cribe the preparation of a p lastic 
mixture of clay , aggregate , and water whi ch was then thrown 
against a frame of hor i z ontal and verti cal stick s  of wood , tied 
with liana or , r are ly , with leather rope s ,  This technique i s  s t i l l  
u s e d  tOday b y  poor people ( who make u p  the maj ority i n  Braz i l )  
living in the country and i n  the peripheral are as o f  citie s . 

S a lvador , the first national capital of Braz i l ,  was founded I 
in 15 4 9 . At the beginning , a wooden fence protected the city , but 
as it was very weak , the wood was later rep laced with " pi se de 
terre " ,  a te chnique as  old as the lath-and-plaste r  wal l .  Unfortu
n ate ly , the second wall did not last long in the tropical r ains 
and it too has di s appeare d .  

Friar J aboatao , a we l l�known chron i c ler of e ar ly Braz i l , has 
des cr ibed the walls whi ch surrounded the city of S alvador as " made 
of good and thi ck e arth wall " , [3J Neverthe le s s ,  it seems to us that 
he alone be lieved in the quality of thi s  wal l ,  Gabr i e l  Soare s ,  
another chron i c le r  from Brazi l ,  for instance , wrote that " the 
walls have crumb led because they had been constructed in p i se de 
terre " .  [4] 

Lui z  Dias , the master of works responsible for the p l anning 
and con struction of the city of Salvador , did not have much f aith 
in the e ffi ciency of tHese walls . We reach this con c lu sion from 
comments he made in one of the letter s  he sent to P ortugal : " us ing 
the dart I had in my own hands I was able to de stroy them very 
e a s i ly .  He has also pointed out that the walls were much too high 
con s i de ring the fact that they had been made in p i se de terre 
without lime " . [5] Thi s cOJJlIl1ent confirms that lime was used as a 
stabi li z e r  sin ce the beginning of colon i z ation . This method of 
construction was brought by the Portuguese to the colony , The 
"technologi cal appropriation " [6] of an o ld tradition i s  fundamen
tal to our research . I n  genera l ,  there i s  no reference in the 
history of archite cture in Braz i l  to the - use of lime as a stabi
liz ing e lement . "The use of the technique of p i s€! de terre was 
more diffuse in the states of Sao Pau lo and Goias [;7] , but it was 
also used in Minas Ger ai s  and Bahi a .  In Salvador ( B ahia) , it was 

* Author t o  whom correspondence should be addre s sed 
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Fig .  1 - E f fe ct of t ime and 
temperature in the proce s s  
of  soi l- lime stabi liz ation . 
5 %  Ca ( OH ) 2 
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used primitive ly in its walls and other constructions . Later , this 
technique was put aside and rep laced by the lath-and-p laster tech
nique , whi ch i s  simpler to execute . Nowadays , it is very di fficult 
to find craftsmen ( " taipeiros " )  who know the method of bui lding in 
" p i se de terre " . 

In ancient time s ,  the use of adobe was also very common 
throughout Braz i l .  Even though its use sti l l  persists in the con
struction of low-cost house s ,  people prefer to bui ld their house s 
using lath-and-p laste r .  

Soi l Stabiliz ation 

The study of soi l stab i liz ati on in the conservat i on/restoration of 
monuments and archeologi cal sites i s  very import ant . It is also 
appropri ate to the construction of low-cost bui ldings . Port land 
cement was re sponsib le for the introduction of a very effi cient 
stabi lizer in construction . On the other h and , its use in conser
vation must be very restricte d .  This i s  because it contains solu
b le s alts , which can be dangerous to the monument . Also be cause 
its high strength is incomp atible with e arth . It is ne ce s sary , 
therefore , to use a stabi lizer for coating the tops of wal l s , 
ruin s ,  and other e arthen structures to increase dur abi lity . There 
are additives of tradition a l  or modern use ( c att le dung , sugar , 
straw ,  b lood , etc . ) that c an also be emp loyed , 

The use of cement has spread s in ce last century , In Braz i l ,  
for examp le ,  modern architecture i s  based on the use o f  this ma
teri a l .  In  addition to the disadvantage s mentioned above , there i s  
a l s o  the problem o f  supply , The opposite i s  true f o r  lime . I t  i s  
much simpler to prepare and , in some are as o f  the country there 
are numerou s  lime quarries and sti l l  a rudimentary production of 
the material is possible . 

It i s  intere sting to note that in spite of not being com
p lete ly understood by the spe ci alists unti l  now ,  the proce ss  of 
soi l stabi liz ation with lime i s  considered by them as te chnolo
gically and cultu r a l ly adequate in the con servation/re storat i on 
of e arthen stru cture s .  

I t  stands to r e ason that i n  a sing le mixture of soi l and 
water -- as is the case with adobes ,  " pi se de terre " ,  and lath
- and-plaster walls -- the reaction s  are dependent on the activity 
and surface area of c lay p art i c le s .  The sma l le r  the particle s , the 
more reactive they are , Thus , clay par t i c le s  are more reactive 
than larger s i lt part i c le s ,  Sand grain s are bigger than the latter 
and are inert . In the case of soi l- lime , some characteri stic chem
ical re actions occur , Some of them are dire ct ly re lated to the 
laminar structure of the c l ays and to the distance between strat a .  
This means that the reactivity o f  the product wi ll  change a s  a 
function of the kind of c lay that predominates in the soi l and the 
space s between the l ayers . 

" In the pre sence of water , the cations (main ly Ca++ , and 
sometime s Mg+� ) originating from the lime cause the s aturation of 
the c lay minerals in the soi l .  Thus , the propertie s that depend on 
the charge and the superficial status of the parti c le s  ( limits of 
consi stence )  are suddenly modifie d .  In  some aspe cts , the inter
changeable cation s  e n j oin the bonds between the c lay parti c le s  and 
the way they gather , modifying the i r  hydric-me chanic behavior".  [e] 

"The reactive phenomenum cause s the appearan ce of si li cate s , 
aluminate s and a luminum-s i licate s of hydrated calcium ,  substances 
that present cementing condition s .  Specialists sugge st that some 
of the se reaction s  happen sudden ly" . [9] 

Other reaction s  occur after longer periods of  t ime . In a l l  
case s ,  time and temper ature have a direct influence o n  the reac
tion s  (Fi g .  n .  

A symposium on soil-lime was recent ly he ld at CEPED . � � The 
speci alists divided the phenomena of staoi l i z ation in two group s : 

a )  Fast reactions 
• Cation exchange 
• Absorption ot Co. (OB ). 2 molecu les 
• I on crowd:t,ng 

b )  Slow reactions 
S i l i ceou s  cementation 

• Aluminous cementation 
• Ferreous cementat ion 
• Carbonation 
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We h ave deve loped at the NTPR uD a proce s s  of acce lerated 
carbon ati on in lime -con t aining mortars . Our intention n ow is to 
apply this proce s s  to ve rify how the phenomenum of carbon at ion 
contributes to the proce s s  of stab i l i z ation increasing the mechan
ical characteristics of the soi l .  C arbonation is one of the s low 
re actions that occur when stabi l i z i ng a s oi l with lime . Thus , 
acce lerating thi s proce s s  we wi l l  s ave time when obse rving the 
phenomenum .  

Time i s  not a s  important a s  temperature ( F i g . 1 )  i n  the de 
ve lopment of mechan i c a l  strength in the f i r st phase of the proce s s  
o f  lime stabi liz ing s oi l s  ( fast reactions ) .  As the s low re actions 
need years to be comp leted , the e ffect s  of carbonation wi l l  on ly 
be noticed after a long period . Then , i t  is very important t o  our 
rese arch to speed the se reaction s  in order to get through the 
first re sults in a short time . 

The Stab i li z e d  Adobes from Cows' I s land ( " I lha das Vacas " )  in Bah i a  

We have been in charge of the re storat i on of a nineteenth century 
house located on Cows ' I s land . During the survey that pre cede d the 
restoration of thi s bui lding , we were lucky t o  find an internal 
wa l l  made of mud brick s .  This dis covery aroused our curiosity be
cause initial in spe ct i on sugge sted that the adobe s had signs of a 
lime addi ti ve . 

A spot t e s t  was conducted in our lab , It proved our fie ld 
ob servation s to be corre ct . The bricks contain a very precar i ous 
lime that was probably prepared " in situ" by crushing and burning 
se ashe l l s . I n  the " Re concav o " ,  an area in the " Todos os S anto s "  
Bay , Bahia , there was a tradition o f  u s ing se ashe l l  lime . �� This 
is a product of high quality , although there i s  the inconvenience 
of the pre sence of s o lub le salts if the mater i a l  i s  not we l l  
washe d .  A s  w e  have found s ome p i e c e s  of she l l  within the anc ient 
adobe , we can as sume that the she l l s  had not been we l l  burne d .  

Historical re s e ar ch provide s  u s  with documentation on the use o f  
lime - s t ab i lized soi l i n  Bahia ( e . g . , Mr . Dias ' letter ) .  Thi s i s  
the first dis covery o f  an actual sample supported b y  further lab
oratory ana ly s i s . 

Although the text written by Prof . S i lvio de Vasconce los i s  
con s i dered a clas s i c  on the history o f  bui lding materi als in Bra
z i l ,  there i s  no reference to the u se of lime as a stabi l i z ing 
additive . He mentions other additive s ,  odder than that one : " For 
that reason , it is possible t o  find dung ( ba s i c a l ly from bul lock 
c att le ) mixed with vegetal fibers or animal hair , in order to 
reinforce the mud with an interi or frame , There is also the 
tradi t ion of the use of ox b lood as an agg lutinant e lement " .  J) 3] 

According to the historical recor d ,  the s t ab i l i z e d  mud bricks 
we found also be long to the nineteenth century , 

The characteristics of the materi a l  we h ave found are the 
f o l lowing : 

B u lk den sity - 1 , 80 6 g/cm 3 
Gr anu loiJl8try : ASTM ABNT (Braz i l )  
Grave l 13% 5 %  
S and Coarse 9% 8% 

Medium 1 3 %  1 2 %  
Fine 2 2 %  3 4% 

S i lt 2 2 %  16 % 
C l ay 2 1% 2 5 %  

C lassifi cat i on : 
USCS ; SC AASHT O ;  A.,.6 ( 3 )  
USCS : Unified Soil Cla s s if icat ion System 
AASHTO : Ame r i can Association of State Highway Transport Officials 
WL 32% ( l iquid l imit ) 
WP = 19% (pla stic l imit ) 
IP = 13% ( p lastic ity inde x )  
Perce nt age of CaC0 3 = 2 0 . 5 4  
pH= 8 . 3 8 . I t  indicates that almost a l l  the calcium hydroxide u s e d  
in preparing t h e  bri ck s  h ad been carbon ated , i . e .  converted into 
calcium carbonate by reaction with carbon dioxide from the atmos
phere . 

The Proce s s  of Acce lerated Carbonation 

It is obvi ous that the c arbonation of calcium hydroxide always 
pre sents a problem when performing laboratory analysi s .  Thus , we 
have deve loped in the NTPR a very simp le te chnique for c arbonating 
lime -containing sample s ,  The fundamentdl ingredient s are C02 and 



Fi g .  2 - Fi rst prototype of 
our acce lerated carbon ation 
chamber 

Fi g .  3 - Se cond prototype 
of the chamber 
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wate r .  In order to acce lerate the proce s s  of lime c arbonation , an 
herme t i c a l ly closed carbonation chamb e r  was created ( Fig . 2 ,  3 ) . 
Our first prototype was a pre s sure container used for p ainting , 
whi ch had a met a l  frame inside to s upport the samp le s .  I n  order t o  
maintain a n  atmosphere s aturated w i t h  water vapor , it w a s  nece s �  
s ary to provide a l ayer of water be low t h e  frame . A vacuum pump 
was used for twe lve hours in order to remove the air from inside 
the pore s of the s amp le s .  Then the pres sure was stabi lized 
allowing the introduction of C02 . We used gas from f i re -extin
guishe r s ,  so the costs o f  the equipment and the oper at i on were 
very low . 

The e f f i ciency of the proce s s  c an be proved through the re 
s u l t s  be low :  . 

LIME / SAND REACTI ON T IME STRENGTH Kgf / cm2 

1 : 2 

1 : 3 

4 months ( normal e xp . ) 
6 months ( normal e xp . ) 

acc . ( 15 days ) * 

4 months ( normal e xp . ) 
6 months ( normal e xp . ) 

acc . ( 1 5  days ) * 

* Humi d ,  in a high C02 concentration . 

S oi l  f rom CEPED 

WL 45 , 2 % 
WP 2 0 , 7 % 
I P  2 4 , 5 %  

7 . 0 0 
2 3 . 2 0 
6 4 . 15 

9 . 3 4 
1 8 . 0 5 
2 7 . 5 5 

1 1 .  7 8  
1 1 .  8 3  
5 3 . 2 4  

9 . 3 0 
14 . 7 2  
2 9 . 0 7 

---------------------------r-------------i-----------r-----------

SAMPLE I REACTI ON T IME 
I 

STAB I L I Z E R  I STRENGTH , OBSERVAT ION 
I 12 days I Kgf/cm2 

I ________ L ________________________________ L ______________________ _ 

A I stove ( 3 5° C )  I , 5 , 3 4  I 
B stove ( 3 50 C )  

I 
8% Ca ( OH ) 2 9 , 4 0 I I I 

C I acce lerate d-C02 I 8% Ca ( OH )  2 I 1 8 , 4 3 I acc . 5 days 
_______ � ___________________ L _____________ L ___________ L __________ _ 

Analysing the s amp les be fore and after the c arbonation proc
e s s , no s ub s t antial change in color has been recorde d .  From our 
point of view , the smal l  chang e s  that are noticeable wi l l  be 
useful for char acteri z ing the intervention , as i s  normally re
quired for doing any restoration work . 

Con c lu sions 

The use of lime as a s tabi l i z e r  of e arthen structure s i s  admitted 
with othe r  s t abi lizers becau se it is a " t e chnological approp r i 
ation" of a n  old tradition ; it mak e s  possible t h e  use of local 
labor ; and it improve s the me chanical character i s t i c s  of the ma
t e ri a l . 

There should be no s ubstantial change s in texture and color 
of the adobe if lime is used in a low per centage -- 3 t o  8 % -- as 
re commended by CRAterre . �� 

According to speci a li s t s , the function of lime when stabi
l i z ing s oi ls is basically conne cted t o  the reaction s  with clay 
mineral s . In additi on to thi s ,  we have observed that the c arbo
nation proce s s  is also remark able to the in cre ase of me chanical 
character i s t i c s  of stabi l i z ed soi ls , despite the use of smal l  
q uant ities of lime . 
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ABSTRACT 

Curahuara de Carangas is 
located 4,000 meters above sea level 
in a remote area of the Bolivian 
altiplano near Chile. This adobe 
structure consists of a single long 
nave and three smaller rooms. The 
thick walls are supported by mas
sive buttresses. Interior surfaces are 
covered with Biblical murals in 
tempera on lime wash. Some are 
dated 1608; others bear the signa
ture and date, " Ignacio Martine de 
Lima, 1777." 

Local Indians have provided 
care and preservation for centuries. 
However economic changes have 
led to the church's deterioration. In 
1984 the Bolivian Institute of Cul
ture, with UNESCO support, began 
site preservation in a project that 
incorporated local workers into the 
church's restoration. The church
yard was cleared; the wood, reed, 
and thatch roof reconstructed; and 
the adobe walls stabilized and 
whitewashed. 

The project combined efforts 
of architects, art conservators, and 
local craftsmen who are descen
dants of the original builders. Work 
was carried out using traditional 
skills originally used to construct 
the church. 

Murals were consolidated 
with polyvinyl alcohol and Acryloid 
B-72 and cleaned with soft erasers. 
A sensitive approach was taken 
with respect to exterior structural 

forms and interior decorative 
schemes, while meeting the 
community's need for a functioning 
church. 

KEYWORDS 

Bolivian Altiplano, Colonial Archi
tecture, Adobe and Mural Conser
vation, Acryloid 
B-72 
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RESTORATION OF THE SIXTEENIH CENTURY CHURCH AT CURAHUARA 
DE CARANGAS, BOUVIA: A CASE STUDY 

Carlos Rua and Anton Rajer 
1508 South 14 
Sheboygan, Wisconsin, 53081 
USA 

Located on an arid high plain in the western region of Oruro, Bolivia, the sixteenth 
century adobe church at Curahuara de Carangas lies at 4,000 meters above sea level. 
The area has been occupied since pre-Columbian times, when the area's population 
density was higher than it is now. 
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Decoration and Importance 

One great value of the church at Curahuara lies in the fact that its entire interior is 
decorated with murals. Virtually hundreds of square meters of walls and ceiling are 
painted in a medium of tempera on lime wash. The murals in the presbytery are dated 
"1608." Others in the church bear the signature and inscription '1gnacio Martine de 
Uma 1777." The oldest and most complete group of their type preserved in the South 
America, the murals constitute an important monument of Bolivian cultural patrimony. 
Pictorial themes derive from the Bible, such as scenes of the Last Judgment, the Flood, 
and the expulsion of Adam and Eve from the Garden of Eden. Ceiling decoration con
sists of portraits of the 12 apostles and Christ in the presbytery above the altar (the 1608 
murals) and floral decoration elsewhere (see figure 1). 

FIGURE 1 .  Ceiling decoration portrait of Christ flanked by the apostles. 

Materials and Construction 

Mud brick has been used in this area for centuries, as attested by nearby pre-Inean 
tombs constructed of the material. The site of the church at Curahuara is slightly slop
ing, with a 2 percent grade from east to west. Built at the end of the sixteenth century, 
this is a typical Renaissance church of the early Spanish colonial altiplano period. The 
interior consists of a single long nave, a sacristy, a baptistry, and a presbytery. A sepa
rate bell tower stands within the churchyard (see figures 2, 3). 

The thickness of the church's walls varies greatly but tends overall to be approxi
mately 1 meter. Some of the buttressed walls are 4.5 meters thick, including their sup
ports. The standard size of the original bricks is about 30 em x 60 em x 6 em. At the time 
of construction the exterior and interior walls were covered completely with lime wash. 
The roof is made of wooden beams with reeds and bamboo affixed to them; thatch 
forms the outer layer. In addition, the buttress tops were covered with a type of reed 
"shingles" to reduce weathering. 
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FIGURE 2. Plan of the church at Curahuara de Carangas. 

Historical upkeep and restoration strategy 

CHURCHYARD 

Construction of the church in colonial times was accomplished by workers from ten 
local Indian communities. Throughout the centuries these same communities were 
charged with the church's care in perpetuity and have continued it to this day. How
ever, the church has fallen into disrepair in recent decades because of declining popula
tion and an exodus from this impoverished rural area. Remaining members of each of 
the ten communities have taken responsibility for the upkeep of a specific part of the 
building, such as the entrance portal or the baptistry. This system of care and upkeep 
was integrated into the r ecent restoration project: each community was responsible for 
restoration work on their assigned portion of the building, under direction of the Boliv
ian Institute of Culture (IBC) architect. Thus this project was unique in that it employed 
descendants of the original builders to carry out the restoration, using traditional, time
honored skills. 

Pre-project planning 
Curahuara's isolation necessitated thorough planning before realization of the project. 
In the early 1980s the IBC, which is charged with cultural P'ltrimony care in Bolivia, 
began to survey the site. It conducted an inventory of the church's paintings and con-

FIGURE 3. Exterior view of the church at Curahuara de Carangas. 
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tents, as part of the Bolivian Cultural Patrimony Inventory Project, to be included in the 
country's national register. The document that grew out of this project strongly recom
mended emergency conservation work as it appeared portions of the structure were in 
danger of collapse, and the roof over the baptistry leaked seriously during the rainy 
season. 

The institute sought funding from the West German government through 
.UNESCO/PNUD (Projecto Naciones Unidas de Desarrollo) for this three-phase project. 
Economic and technical constraints necessitated extension of the project over a period of 
five years. The economic constraints derived from limited available yearly funding. The 
technical constraints were associated with limits on the institute's art conservation staff, 
the availability of supplies, the complex logistics of transporting materials and staff to 
the remote site, and the coordination of work with the Curahuara native community. 

Timing of each phase of the project had to coincide with the spring and fall dry 
seasons. The site's only access road is unpaved and is virtually impassable during the 
rains. Most construction materials had to be brought to the site. The community of 
Curahuara is adjacent to a small army base. The community is without electricity or 
running water. me staff decided to seek the assistance of the army camp-which 
shares two walls in common with the churchyard-in the project. The only communica
tions links between Curahuara and the rest of Bolivia are through the base radio. The 
military also assisted with labor, transport of materials, and other logistics. 

Mud brick fabrication 

The making of mud brick in the Bolivian altiplano can only be accomplished during 
short periods in the spring and fall when drying conditions are optimum. It can be 

made neither in the bitter temperatures of winter-it will freeze and crack-nor during 
the rainy summer season-it will not dry. The technology of making new bricks to 
replace damaged ones was provided by local craftsmen, expert in this type of construc
tion, but always with an architect's oversight. Men are primarily responsible for mak
ing the brick, though women will assist by gathering straw. 

Testing for different textural fractions of the adobe yielded a stratigraphy of four 
layers. Small pebbles settled to the bottom of the test vial and were covered by a layer 
of clay. A stratum of sand overlaid the clay, while fragments of straw floated to the top 
of the water used to fractionalize the adobe sample. These results indicate the adobe 
was fabricated from at least two types of local soil and amounts of local grasses. Fur
ther analysis with standard microscopy could reveal more about the material comp<r 
nents of the adobe. 

Phases of Treatment 

Each of the project's three phases lasted about two or three months. Each phase was 
designed to be capable of being completed in the projected time frame and also to be 
complete unto itself, although complementary to the other phases. 

Phase I. Phase I began in 1984 and consisted of clearing the churchyard of 
debris, rebuilding the churchyard walls, conducting archaeological excavations, per
forming soil tests, and conserving wall murals. Also, emergency reconstruction was 
conducted on the principal interior arch between the sanctuary and nave; it had col
lapsed the previous year, as the me survey indicated it might, endangering the struc
tural integrity of the roof. (see Figure 4). 

Clearing the churchyard was an interesting co mmunal event. Citizens from 
adjoining communities and military personnel worked together to remove trash and 
rubble and to reconstruct the churchyard walls. Archaeological excavation at the site 
was organized through the Bolivian Institute of Culture. Uncovered in one of the test 
pits was an pre-Columbian tomb with textiles and intact skeletal remains. Other, 
smaller tombs also were found. The excavations also assisted in determining soil strati
graphy, soil composition, and potential sites for new drainage pipes to carry runoff 
away from the church. 

Interior consolidation of wall murals by me staff was planned with the solution 
of two different technical problems in mind. First, to solve the problem of adhesion 
between the adobe and plaster layers, polyvinyl alcohol was injected with syringes into 
the voids behind the plaster lime wash. Then, a 5% solution of Acryloid B-72 in toluene 
was brushed onto the murals to consolidate the paint layer. IBC staff were careful to 
wear masks to protect them from solvent exposure. It had been suggested that epoxy 
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FIGURE 4. Reconstructing the presbytery arch. 

might be used to solve the problem of readhering the plaster to the adobe. This idea 
was discarded because epoxy's high viscosity and quicker drying time made it less 
suitable than the thinner polyvinyl alcohol, which permitted multiple applications and 
therefore created better adhesion. 

After the surface of the murals dried, IOC staff cleaned them with gum erasers. 
Owing to constraints of time and resources, no inpainting was performed on the mu
rals, although backgrounds were toned to match surrounding areas. 

Reconstructing the presbytery arch formed the most challenging aspect of this 
phase. Wooden scaffolding and braces were erected to prevent further collapse. An iron 
rod was inserted between the wall supports to strengthen the walls' integrity and to 
form a skeleton for the arch, which was rebuilt with mud bricks. The arch was white
washed and toned to match the s urrounding decorative scheme. Because of the site's 
extensive structural needs, inpainting was confined only to areas in which it was re
quired to reconstruct visual unity. Many areas were stabilized but not inpainted. 

Phase II .  This portion of the project took place in 1985, when the church exterior 
was cleaned and resurfaced and the roof replaced. The exterior was swept clean with 
brooIns of local manufacture, then resurfaced with adobe mortar and painted with lime 
wash. Replacement of the roof involved approximately 100 laborers from the ten neigh
boring communities, who were employed to make mud brick and cut reeds and grass. 
Soldiers assisted with the transportation of materials from the lowlands: bamboo and 
trees of substantial girth do not live in the altiplano, and thus needed to be transported 
to the site. 

Once again, traditional native construction technologies were used. Reeds were 
gathered by women and children,. and heavy construction was done by male craftsmen. 
Craftsmen prepared new bricks in wooden molds, let them dry and installed them. 
Bricks were joined with mud mortar and later whitewashed with lime. A few modem 
materials were used; they complemented and were compatible with the original, locally 
available and financially feasible ones. For example, wire mesh reinforced the roofing 
thatch, and zinc flashing directed rain runoff. 

Although the roof had been renewed periodically over the centuries-mostly on 
an emergency basis-its degraded condition mandated it be replaced entirely, including 
some deteriorated beams, one section at a time. Wooden support beams were set into 
adobe at the top of the walls. Next, bamboo reeds were secured to the beams; the wire 
mesh was applied to the reeds as a base upon which to attach the thatch. Interior and 



Conservation and Restoration 

exterior views of the completed roof indicated it was identical in appearance to the 
original. 
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Phase III. The major effort during this phase of the project, in 1987, was the 
cleaning and stabilization of the free-standing bell tower, located in one comer of the 
churchyard adjacent to the army camp. Again traditional technology was used to stabi
lize mud brick with mud mortar and lime whitewash. 

Drainage pipes were installed in the churchyard and drainage stones excavated 
at the exterior base of the church walls. These flat stones probably date to the construc
tion of the building and were designed as part of the water runoff system. 

Future site preservation agenda 

The project ended with completion of the 1987 restoration season, although more work 
remains to be done, such as restoration of the main altar. The local communities, whose 
ancestors built the church, were again charged with the church's upkeep. Religious 
ceremonies continue to be performed in the church on a limited basis; Curahuara lacks 
a permanent priest. 

Visiting IBC staff continue regular monitoring of the site. Any earthen architec
tural artifact requires careful attention and constant care. Recently one large buttress 
had to be renewed. However, two major problems threaten preservation of the church. 
As the native population declines, the time-honored system of communities providing 
its upkeep is endangered. Also, the potential rerouting of the Chile-Bolivia highway 
would effectively cut Curahuara off from outside traffic which currently passes the 
town on its way to the Chilean border. Moving the highway would also necessitate 
moving the military base, which the town depends on in many ways for its survival. 

On the hopeful side, the project at Curahuara has served as a role model for 
other remote colonial adobe sites at Carabuco and Caquiaviri, where similar problems 
have been encountered, similar treatment methods have been employed, and the strat
egy of integrating local co mmunities into restoration projects have been used with equal 
success. 

Analytical work on cross-sections of paint layers and identification of materials 
from the Curahuara site continues. Analysis of the cross-sections will be forthcoming. 

Conclusion 

The church at Curahuara in the Bolivian altiplano is famed for its early colonial murals, 
the most complete grouping from this period in all South America. Throughout the 
centuries native descendants of the builders were charged with its care and preserva
tion, but the church has degraded much in recent decades owing to the economic prob
lems in the region. A recent site survey by the Bolivian Institute of Culture identified 
needs and proposed international assistance, which was forthcoming through 
UNESCO. In a three-phase project, IBC staff, local craftsmen, and military workers 
cleared the site, replaced the roof, cleaned and stabilized the murals, replaced adobe, 
and whitewashed the walls of the church and free-standing belltower. The project was 
unique in that it integrated IBC professionals, local craftsmen, and the military. The 
church has been and continues to be a source of historical importance and community 
pride at this remote site. 



ABSTRACT 

The southwestern region ( South
west ) of the United States 
preserves an important patrimony 
of architectural finishes com
posed of and executed on earth
based renderings . These finishes , 
plain renderings ( e . g .  "plaster" ) 
and mural paintings , have been 
employed extensively by the 
prehistoric and historic Pueblo 
peoples (Native Americans ) of the 
Southwest on their complex domes
tic and ceremonial architecture . 
This paper summarizes three areas 
of research on Pueblo finishes , 
concentrating on the Pueblo I I I  
period ( A . D .  1 100-1300 ) :  

1 .  Laboratory analyses . Sam
ples of Pueblo renderings were 
analyzed with methods developed 
by the National Bureau of Stand
ards . Much of the resulting data 
was unexpected . 

2 .  Simulation of murals to test 
detachment methods .  Simulated 
Pueblo murals provided models for 
testing several techniques for 
detachment of finishes from 
threatened sites . 

3 .  Pilot conservation treat
ments . The obj ective of the 
pilot conservation treatments 
was to develop methods for sta
bilization of finishes on site 
in the Southw'est . Minimally 
intrusive methods " ere stressed . 
A hOlistic approach to conserva
tion is recommended .  

KEYWORDS 

Mural painting conservation, 
detachment of mural paintings , 
conservation of earthen render
ings , analyses of adobe . 

Adobe 90 

ANALYSES AND CONSERVATION OF PUEBLO ARCHITECTURAL FINISHES IN THE 
AMERICAN SOUTHWEST 

Constance S .  Silver 
949 West End Ave . 
New York , NY 10025 
USA 

Pueblo Finishes : An OVerview 

The American Southwest includes the states of Arizona , Colorado , New Mexico , 
and Utah . The region is characterized by deserts and semi-arid steppes tra
versed by a few rivers and by mountain ranges that support pine forests . Win
ters are cold and relatively dry . Summers are hot and dry , but heavy rain 
storms are common . The Southwest lacks many resources .  OVer the centuries , 
intensive dry farming and river irrigation at lower altitudes have sustained 
native peoples . 

By 1 100 A . D . , the prehistoric peoples of the Southwest had developed a 
complex architecture of earth, cut stone and mud mortar , timber roofing , and 
architectural finishes composed of earthen renderings . Prehistoric Pueblo 
culture and architecture culminated in the Pueblo III period (A.D.  1 1 00-1300 ) , 
exempli fied by the remarkable "cliff dwellings , "  highly developed settlements 
of domestic structures , four-storey towers , plazas , and subterranean ceremonial 
kivas , constructed within natural rock shelters ( See figs . 1 ,  2 ) .  Both cere
monial and non-ceremonial structures were finished with refined renderings 
composed of several superimposed strata . 

Pueblo kivas were often painted with ritually significant mural paintings . 
Briefly described , a preparatory coarse-textured rendering ( e . g .  "brown coat " )  
was applied to the masonry walls of the kiva , followed by a fine-textured 
finish rendering . The finish rendering was embellished with a variety of tech
niques , as seen in the Pueblo III kiva of site LA 17360 , New Mexico ( See figs . 
3 ,  4 ) . Color fields of white and red paint were applied as horizontal bands.  
Designs were then painted by brush or incised into the plaster . Painted im
pressions were also made of hanQprints . New murals were executed by superimpo
sition of new finish rendering onto the existing mural painting , followed by 
painting . 

Kiva murals , their technique of execution and cultural content , were stud
ied extensively by Watson Smith in the 1930s and 1940s . ( 1 )  Indeed , Smith ' s  
research was so comprehensive that few subsequent anthropological and technical 
studies were undertaken until those carried out by the author and other re
searchers over the last decade . ( 2 )  This research has indicated that Pueblo 
builders also developed and employed a formal scheme of architectural embellish
ment . Although less complex than kiva murals , these finishes include simple 
renderings , white washes , colored washes (pink and red ) ,  bichrome designs ( See 
fig .  5 ) , and painted designs . 

Smith made several important observations about Pueblo finishes . His 
analyses revealed the Pueblo palette to be a j udicious use and mixture of na
turally occurring pigments . Although no formal analyses were made of paint 
media , Smith ' s  ethnographic models suggested many possible sources . Smith also 
observed that Pueblo architectural finishes and mortar are two different com
ponents of a wall ; they differ in form, function and physical composition . 
Mortar is a structural component of masonry . For example , at the site of 
Awatovi , Arizona , mortar was composed primarily of "clay or adobe , "  with vary
ing admixtures of sand . It was compact , cohesive , but coarse-textured , with a 
gray or green tinge . By contrast , the finishes applied to walls , especially 
in kivas , were composed of a fine-textured , rec1dish-brown rendering. Smith 
also observed that this rendering had excellent properties . It cracked and 
shrank only slightly after drying . While it was not totally vmterproof ,  it did 
wi thstand considerable dampness and even some direct rain . Hm,ever , it also 
had the capacity to be re-plasticized repeatedly by the addition of water . 
These observations by Smith pointed to a highly developed and selective use 
of earthen materials in architecture by Pueblo peoples . Further , the capacity 
of Pueblo renderings to be re-plasticized suggested minimally intrusive tech
niques for conservation of finishes on site , as will be described in a follOW
ing section of this paper . 

Pueblo Finishes : Analyses of Component Materials 

In 1 987 , the author examined samples of Pueblo renderings and mural paintings 
with analytical methods established by the National Bureau of Standards to 
characterize adobe . ( 3 )  These analyses had three obj ectives : first , to expand 
understanding of prehistoric Pueblo technologies , specifically to ascertain if 
Pueblo finishes differ from structural adobe ; second , to determine if Pueblo 
finishes have special properties which have contributed to their longevity and 
which might be used in conservation treatments ; and third , to ensure that 
simulated murals used for testing detachment methods provided reasonably ap
propriate models . 



1 .  Mesa Verde National Park . 
Cliff Palace , the largest cliff 
dwelling in North America . 

2 .  Plan o f  Cliff Palace ( Fewkes ) 
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The National Bureau of Standards recommends seven analytical methods for 
structural adobe . Samples were analyzed from sites in Arizona : Escalante Ruin , 
a prehistoric Pueblo site ;  Tumacacori , an eighteenth-century Spanish colonial 
church; soil adj acent to Tumacacori ;  and Fort Bowie ,  a nineteenth-century Fort . 
In 1 987 , the author analyzed renderings from the following sites : 1 .  Lowry 
Ruin , Colorado , mural painting from Kiva B (c .  1100 A . D . ) ;  2 .  River House Ruin, 
Colorado , mural from a kiva ( c .  1200 A . D . ) ;  3 .  comparative sample of raw earth 
from a possible "adobe soil . quarry , "  Mesa Verde National Park , Colorado; 
4. comparative sample of a Pre-Columbian painted rendering . from Cardal Lur , 
Peru ; 5 .  comparative sample of nineteenth-century earthen rendering from Mis
sion Santa Cruz , California ;  and 6 .  comparative sample of commercial raw adobe 
from Santa Fe , New Mexico . Due to the small size of the samples ,  two analYdes 
could not be carried out , identification of soluble salts and evaluation of 
liquid and plastic limits . Analysis of organic media , omitted by the National 
Bureau of Stanaards , was included . The results of the analyses are summarized , 
including relevant analyses of structural adobe by the National Bureau of 
Standards .  

Analyses of Microfabric 

The microfabrics were examined by the following methods :  microscopic analyses 
of cross-sections in reflected light ; thin sections in reflected light and 
polarizing light ; and scanning electron microscope ( SEM) photographs of cross
sections of rendering and paint . ( 4 )  

The Pueblo renderings closely resemble each other , although separated by 
160 kID and about 100 years . They exhibit a homogenous consistency , in marked 
contrast to the other samples . 

Munsell Color Determinations 

The Munsell Soil Color Charts ( 1975 edition ) was used . However , the number of 
samples was too limited to permit general conclusions about consistency of 
color . 

Determination of pH 

A Hach Kit was used . ( 5  ) The results are compared to pH analyses of the struc
tural adobes : 

National Bureau of Standards 1987 Analyses of Renderings 
Sample I?!! � I?!! 
Escalante Adobe 8 . 19 Lowry Ruin 6 . 09 +- . 02 
Fort Bowie 8 . 72 River House Ruin 7 . 66 
Tumacacori Adobe 8 . 1 2 Carda I Lur 7 . 21 
Tumacacori Soil 8 . 26 Mesa Verde "Adobe" Soil 7 . 69 

Santa Fe Commercial Adobe 8 . 20 

The pH levels of the Pueblo renderings vary from slightly acidic to pH 
neutral ,  whereas the structural adobes are all somewhat basic , including the 
commercial adobe from Santa Fe . However ,  in this regard it is interesting to 
note that the sample from the possible "adobe soil quarry , "  Mesa Verde National 
Park , conforms to the pH range of the Pueblo renderings . 

Determination of Particle Size Distribution 

Particle size distribution was analyzed by Dr . Nicholas Coch, De�artment of 
Geology , Queens College , with state-of-the-art instrumentation . ( ) DL Coch 
observed several unusual characteristics of Pueblo renderings : 

All samples had to be run again because of the continuous pres
ence of aggregates in the coarse fractions of some of the samples . 
These samples were easily the hardest ones I have ever analyzed 
because of the very strong cementation between particles by iron 
oxide and Clay . This required additional heavy physical disag
gregation plUS an adjustment of both the chemical disaggregation 
and the ultrasonic probe disruption of the sediment samples . 

The results are compared to particle size distribution studi�s of the 
structural adobes : 

National Bureau of Standards Samples 
Sample Gravel Sand Silt Clay 

Escalante Adobe (not analyzed ) 
Fort Bowie Adobe 25 59 9 7 
Tumacacori Adobe 5-8 65-80 8-12 8-12 
Tumacacori Soil 2 24 26 

1 987 Analyses of Renderings 

Lowry Ruin . 00 28 . 09 58 . 61 1 3 . 30 
River House Ruin . 00 19 . 20 62 . 03 1 8 . 77 
Mesa Verde "Adobe " Soil . 08 57 . 85 25 . 56 1 6 . 51 
Santa Fe Commercial Adobe 5 . 32 41 . 85 18 . 27 34 . 56 



3 .  New Mexico, Site LA 17360 . 
View of the kiva and its mural 
paintings . 

4. Site LA 17360 . Detail of 
the mural paintings . 

5 .  Mesa Verde National Park . 
Spruce Tr�e House , rendering 
painted with a bichrome design. 
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The Pueblo renderings are distinctive and anomalous when compared to the 
other samples . Their particle size distributions are primarily in the silt and 
clay ranges--although the "clay" range does not automatically confirm the miner
alogical presence of true clays . 

Mineralogical Composition 

X-ray diffraction was used . The Pueblo renderings and samples from the possible 
"adobe soil quarry , "  Mesa Verde National Park , tested negatively for the pres
ence of mineralogical clay . These results were so surprising that the samples 
were tested independently with SEM X-ray analyses ( SEM and EDS ) . Again , the 

results were negative for the presence of clay . There are two possible ��la
nations . First , the samples may , indeed , contain no clay. Second , and more 
likely , there is a clay component but it is present in amounts too small to De 
detected by the X-ray diffraction analyses . That is, in general a mineral phase 
will not be detected if it comprises less than 10 percent of the total sample . 
To detect clay , the clay-size category of the parti�le size distribution shoUld 
be analyzed separately for the Pueblo renderings . ( 7 }  

Analyses of Organic Media 

Histochemical stains were applied to the Pueblo renderings and paint . ( 8 )  Posi
tive results for organic media in the paint layers were not unexpected . How
ever , the presence of carbohydrates , lipids and proteins in the rendering from 
River House Ruin was unexpected : 

Lowry Ruin 
Paint 

Lowry Ruin 
Rendering 

River House 
Rendering 

Ruin 

Period Acid 
Schiff ( carbo
hydrates ) 

Positive 

Negative 

Positive 

vangiesen 
Stain ( pro
teins , usually 
collagen ) 

Positive 

Negative 

positive 

Xantho 
Protein 
Stain 

Not Tested 

Negative 

Positive 

Simulation of Pueblo Murals to Develop Methods for Detachment 

SUdan Black 
( lipids ) 

Negative 

Negative 

Positive 

Pueblo mural paintings have been detached by the strappo method , which removes 
only the pigmented layer from the rendering. Strappo can be time-consuming 
in the case of multiple strata , which must be removed individually . Conse� 
quently , murals have been lost when they could not be removed in a timely 
manner from threatened sites . Further , with the strappo method the original 
texture and optical qualities are lost with the destruction of the rendering . 

The obj ective of the �perimental program for detachment was to determine 
if available conservation materials can effect complete removal of rendering 
and painted strata by the stacco method : stacco entails detachment of rendering 
and paint as a unit . 

To effect complete removal of a Pueblo mural , the soft , friable and lam
inated structure of rendering and paint layers must be transformed into a 
hardened and cohesive unit . Tests on samples indicated that the alkoxysilanes 
(ethyl silicate ) ,  partially polymerized ethyl silicates , and alkyl ( alkoxy 
silanes ) ,  provided effective and thorough consolidation with minimal changes 
in optical qualities . Conservare OH( R ) and Conservare H ( R) produced the best 
results .  Once consolidated, supportive facings can be adhered to the hardened 
surface of the mural , preparatory to separation of the rendering from the wall . 

Four cement blocks , each measuring 45 ern by 40 ern , were covered with a 
rendering made from commercially available adobe . The adobe was sifted through 
a 1/15 ern screen , mixed with water and sand , and applied by hand in several 
strata , to create a total thickness of about 1 . 3 ern . Although the consistency 
of this rendering did not conform to the analyzed prehistoric Pueblo render
ings , it did provide an adequate model for test purposes .  

Each surface was divided into four sections , to create a total of 3 2  indi
vidual mural paintings of uniform composition and design , each measuring about 
18 ern by 20 ern. Documented Pueblo pigments were used . The pigments were mixed 
with rabbit skin glue to create a workable paint . A kaolin-white color field 
was applied . A characteristic "dado" design was painted on the white field 
in iron-oxide red and yellOW, and bone black ( See fig. 6 )  

Unexpectedly large quantities of materials were required . About 3 6  kg 
of raw adobe earth were needed to create a satisfactory rendering that would 
cover 1 . 5  m2 in a layer about 1 . 3  ern thick . About 1 . 36 kg of kaolin and 90 mL 
of rabbit skin glue were needed for each 1 . 5  m2 . 



6 .  Simulated Pueblo mural paint
ings . 

7 .  Simulated Pueblo mural paint
ings , after detachment . 
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Murals 1 -6 were left untreated , as controls . Murals 7-18 were consoli
dated with Conservare OH. Murals 1 9-32 were consolidated with Conservare H ,  
which contains a hydrophobe . Various combinations of isolating coatings on 
the painted surfaces , facing fabrics , and adhesives for facing fabrics were 
tested . Adhesives and isolating materials included : polyvinyl alcohol ; rabbit 
skin glue ; Acryloid B 72;  BEVA{ R ) ; Soluvar Matte {R) ; and Blair Spray Fix{R) . 
Facing fabrics included : Japanese tissue paper ; sur�ical gauze ; crepeline ; 
and monofilament . Each individual mural was treated with a different combina
tion of these �terials . 

The faced murals were detached by separating the rendering from the block 
with a thin blade and hammer .  The detached murals were adhered to a solid 
support . The facings were removed with appropriate solvents .  The various 
combinations of materials produced a range of results from excellent (detach
ment of the mural intact and largely unchanged ) to very poor ( almost 50 percent 
loss of rendering and paint ) .  The excellent results for Murals 14 and 2 8  were 
particularly interesting because the same isolating layer , Blair Spray Fix, 
and the same facing adhesive, polyvinyl alcohol , were employed . Conservare OH 
also increased the resistance of Mural 28 to the water-based polyvinyl alcohol 
( See fig. 7 ) . 

The experimental program indicated that detachment by stacco is possible . 
However , it has not been tested in the field . Therefore , its performance in 
the case of very thick , friable and delaminated murals is not clear . 

Conservation of Finishes on Site in the Southwest 

A series of pilot conservation treatments ,laS carried out in 1 98 1  at Mesa 
Verde National Park . ( 9 )  The obj ectives of the pilot treatments were to de
velop methods for the stabilization of deteriorated painted and unpainted 
Pueblo renderings on site in the Southwest . Mug House Ruin (MV 1229 ) , a 
Pueblo III site , provided hlO representative examples : Kiva C ,  a subterranean 
circular kiva , and an above-ground wall that is semi-protected by the cliff 
overhang . Because the pilot treatments were similar , only the treatment of 
Kiva C is summarized . 

Kiva C was excavated in 1 960 , and it has remained exposed . 
about 1 0  superimposed layers of fine-textured renderings on the 
paratory rendering, creating a total thickness of about 2 . 5  em. 
mural painting is  a white and red "dado" design . 

There are 
rougher pre

The visible 

Between 1960 and 1 98 1 ,  considerable deterioration had occurred . The 
murals that survived on the walls were very unstable . Several conservation 
problems were evident : detachment of rendering from wall ; delamination between 
strata; friable rendering ; friable rendering and paint; flaking paint ; ef
florescence of salts ; root penetration; burrowing and abrasion by insects and 
rodents ; and surface dirt . 

The most serious conservation problem was the instability of the render
ing and paint , so severe in some areas that the mural could not be touched 
without provoking further damage . In considering the rheological behavior of 
the rendering and paint , it was evident that water would be the most effective 
material for conservation treatment because it can relax and re-plasticize 
the brittle and deformed rendering to permit compaction and cohesion of the 
delaminated strata and their repositioning in plane as a unit on the wall . 
Water also reactivated the bond between the paint and the rendering . The pi
lot conservation treatment is summarized : 

1 .  Wet-strength Japanese tissue was attached to the surface of the ren
dering , both painted and unpainted areas , with water that was applied by brush . 
The paper acts as a support and ensures that the surface remains protected 
during treatment . The area was lightly sprayed with water until the rendering 
had become malleable . 

2 .  A 50 : 50 mixture of water and isopropyl alcohol was inj ected as a wet
ting agent between the rendering and the wall . A 25 percent solids polyvinyl 
acetate emulsion was inj ected into areas of detachment between the rendering 
and the wall , and between the second layer of preparatory rendering and the 
first layer of finish rendering . The adhesive was not in contact with any of 
the painted layers ( See fig .  8 ) . 

3 .  The treated area was then pressed gently back into plane on the wall . 
Local pressure was used on the dampened rendering to compact the strata , re
newing the cohesive strength and re-establishing continuous contact between 
paint , rendering and wall . During treatment , the surface of the mural re
mained generally visible through the Japanese paper , allowing the treatment 
to be monitored . 

4 . Simple presses , constructed from plywood and faced with foam rubber , 
were placed in contact with the treated areas , to maintain drying under pres
sure for 48 hours . The presses were held in place by wedging them with ply
wood shafts that were weighted at the ground with large rocks ( See fig . 9 ) . 
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8. On-site pilot conservation 
treatment . Inj ection of adhe
sive after facing with Japanese 
tissue . 

9. The treated area drying 
under pressure . 
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5 . After drying , the Japanese paper was removed . Some dirt was removed 
on the paper , but paint and rendering remained unaffected . With the exception 
of some very unstable flakes , the treated areas had become a cohesive unit 
secured to the wall . 

6 .  Unstable flakes of paint were adhered with localized applications of 
Acryloid B 72 , about 8 percent in toluene . Repeated applications of acetone 
removed surface residues; however , changes in optical qualities , primarily a 
deepening of tone , would be apparent if large areas were treated with resins . 

7 .  A very friable area of rendering was treated with Tegovakon T( R ) , an 
alkoxysilane manufactured by Th . Goldschmidt . Conservare H and Conservare OH 
produce better results , but they were not readily available in the United 
States in 1 981 . 

8 .  Efflorescence of salts were initially removed by light brushing with 
a sable brush . Tenacious salts were treated with a compress of paper pulp 
infused with a saturated solution of bicarbonate of soda . The compress re
mained in place for about 5 hours . Compresses of distilled water fOllowed . 
About 50 percent of the salts were removed , with no damage to the rendering 
or paint . 

9 .  Rotted roots were removed by standard mechanical methods , such as 
brushing. 

Kiva C was re-examined in 1 985 . The treated murals had remained stable . 
This treatment reflects the author ' s  bias in favor of minimally intrusive me
thods of conservation. Conservation is primarily effected by renewal of the 
correct rheology of the rendering through j udicious use of water . The mural 
retains its original Native American character and the original optical qual
ities remain unaltered . Future conservation treatments are not compromised . 
The treatments are so simple that they can be implemented by any trained con
servator . The cost of treatment is low . 

Two caveats are in order . First polyvinyl acetate emulsion has been used 
extensively in the conservation of mural paintings . However , adhesives that 
better retain their chemical stability and permit some transmission of water 
shOUld be developed . The question of biodeterioration of adhesives when used 
on site also requires further examination . Second , it must be understood that 
fragile Pueblo renderings and murals cannot be preserved , regardless of con
servation treatment , i f  they remain subj ect to adverse environmental condi
tions . In the case of excavated kivas , conservation treatments must be 
fOllowed by controlled backfilling .  Several excellent methods and materials 
are nm" available for backfilling . 

Conclusions and Recommendations 

Although only a few samples were analyzed , the results suggest a highly re
fined and very selective technical tradition of Pueblo finishes . The possible 
absence of clay and the inclusion of organic media are particularly intriguing . 
Analyses of a similar mural painting tradition from Buddhist Central Asia 
resulted in precise identification of the sources of organic media.  ( 10 ) Sim
ilar analyses of a large sample of Pueblo renderings might increase under
standing of use of the limited resources of the Southwest by prehistoric 
Pueblo peoples . It might also be possible to incorporate traditional materials 
into future conservation treatments , thus maintaining consistent and compatible 
systems throughout a mural painting or rendering . 

All detachment methods result in some damage to a mural .  Changes in 
optical qualities occur . The ensemble of mural and architecture is disrupted . 
Therefore , detachment is always a treatment of last resort . The methods 
described in this paper for stacco provide a possible option for removal of 
murals from threatened sites-.-----

Additional research is required to develop a specific adhesive adapted 
to reattachment of Pueblo renderings to walls on site in the Southwest . The 
acrylic emulsions may be good candidates . ( 1 1 )  In this regard , it should be 
noted that the adhesive need not be extremely strong to be effective . Indeed , 
an overly - strong adhesive could promote mechanical stress . Rather , proper
ties of ageing , biodeterioration and 'later transmission are more important 
considerations . 

Following development of a more appropriate adhesive , a holistic approach 
to conservation shOUld be implemented , controlled backfilling being an integral 
treatment for kivas . 
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Materials 

BEVA. Developed in the late 1960s by Gustav Berger as an adhesive for relining 
canvas paintings . The basic composition is : 

Elvax Resin Grade 1 50 (Dupont ) .  
Ketone N.  Resin (BASF ) .  , . .  . 
Cellolyn 21 Resin Hercules . .  . 
A-C 400 Copolymer (Allied Chemical ) 
Paraffin Oil-Free ( 65 C°Melt Point ) 

. 250 g 

. 150 g 
29 g 
85 g 
50 g 

BEVA is available from Conservation Materials Ltd . , 340 Freeport Blvd . , 
Sparks , Nevada 89431 ,  USA ( 702 33 1-0562 ) .  

Blair Spray Fix . Trade name of a nitrocellulose-based fixative . It contains 
nitocellulose resin , methylene chloride , alcohols ,  acetates , and ketones . It 
is made by Blair Art Products , Inc . , Twinsburg , OH 44087 USA. 

Conservare H and Conservare OH. The basic composition is 2-propanone , 
2-butanone and tetraethylorthosilicate . Originally manufactured by Wacker
Chemie ,  Munich, Germany , these consolidants are available in the United States 
from ProSoCo , Inc . , P . O .  Box 1 578 , Kansas City , Kansas 661 17 ( 9 1 3  281-2700) . 

Soluvar Matte . Soluvar and Soluvar Matte are acrylic resin varnishes , pro
duced in the United States by Liquitex, Binney & Smith, Inc . , Easton , PA 
1 8005-0431 .  The principal component is isobutyl methacrylate polymer . 

Tegovakon . Th . Goldschmidt , AG , Essen, Germany , has marketed five stone con
solidants : Sandstone Consolidant , a two-component product containing ethyl 
silicate , methyl (triethoxy ) silane , ethanol , and hydrochloric acid and water ; 
Tegovakon, similar to Sandstone Consolidant; Tegovakon H, a tivo-component mix
ture of "silicon esters " and water-repellent ; and Tegovakon GS , a single 
component similar to Tegovakon H; and Tegovakon V ,  ethyl silicate . 
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ABSTRACT 

A methodology for the 
conservation and restoration 
of earthen structures is 
proposed . 

Thi s  methodology 
encompasses the study of the 
physical environment , 
historic values , the state 
of the building and the 
evaluation of the 
architectural typology and 
architectural significance . 
These elements are taken into 
account in a cyclic approach 
to balance between the 
different kinds o f  values 
that are important in the 
definition of the 
intervention . 

In thi s  way the 
technical problem of 
conservation of earthen 
structures is embedded in a 
global evaluation that is 
appropriate for the 
preservation of the 
monument . 
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METHODOLOGIE DE LA CONSERVATION ET DE LA RESTAURATION DES 
MONUMENTS EN TERRE . 

Koenraad Van Balen 
ingenieur architecte 
Centre d ' etude pour la conservation 
du patrimoine architectural et urbain 
K . U . Leuven 
Kasteel van Arenberg 
B-3 0 3 0  Leuven , Belgium . 

Introduction . 

La lecture de differentes methodologies proposees pour la 
conservation des constructions en terre montre que celles-ci se 
limitent en general a un point de depart ou Ie probleme technique 
de la conservation des materiaux est aborde ( 1 ) . Ceci mene en 
general a des solutions techniques qui perdent de vue Ie cadre 
architectural et social , tant pour l ' evaluation du probleme pose 
par la conservation que pour les possibles solutions . 

Pourtant i l  y a des personnes qui se sont interessees a 
l ' etude des traditions culturel les avec Ie but de pouvoir 
comprendre la tradition architecturale afin de maintenir la main
d ' oeuvre , la connai ssance du savoir-faire . Ceci peut aussi etre 
utile au conservateur pour la comprehension de l ' architecture dans 
laquelle il intervient ainsi que pour la sauvegarde de la 
tradition de l ' entretien . Ce dernier point est reconnu comme 
etant de tres grande importance pour la sauvegarde du patrimoine 
en terre ( 2 ) . Seulement il ne semble pas encore incorpore dans 
les politiques de sauvegarde , a part que en termes generaux . 
L ' etude des techniques d ' entretien et leurs applicabi lites dans la 
conservation semble par contre negligee . Pour un grand nombre de 
conservateurs ces techniques sont beaucoup trop vigoureuses , bien 
qu ' appliquees pendant des dizaines d ' annees . Helas il  faut dire 
que l ' efficacite de ces techniques diminue fortement quand les 
intervalles des travaux deviennent si importants qu ' on ne se 
souvient plus du dernier entretien . 

L ' intervention doit clairement se distinguer des elements 
originaux , comme il est mentionne a juste titre , conformement a la 
Charte de Venice , dans les differents col loques qui ont precede 
celui-ci ( 3 ) . Mai s  dans Ie cas des objets architecturaux ce type 
d ' intervention ne peut satisfaire que quand on tient compte de la 
dimension architecturale . Pour cette raison nous proposons une 
lecture et une analyse plus approfondies de la dimension 
architecturale avant de definir Ie type d ' intervention . 

Ce dilemme que pose la conservation du patrimoine 
architectural - preference pour l ' objet archeologique ou pour Ie 
chef-d ' oeuvre architectural - se pose par exemple clairement dans 
l ' ancienne ville de Buda . 

I I  me semble donc qu ' il faut a j outer a la proposition faite a 
Ankara ( 1 980 ) : " . • .  la preservation de l ' integrite de 
l ' architecture en terre comme un tout qui comprend les concepts et 
techniques traditionnelles qui etaient uti lises a l ' origine et 
continuent a etre uti l i ses auj ourd ' hui • • .  " la dimension 
architecturale . 

Pour pouvoir maitriser ces differentes "dimensions" une 
approche est proposee et commentee par la suite . 

Une methodologie . 

L ' integration de problemes techniques dans un contexte plus vaste 
de conservation a ete etudiee pour des problemes de consolidation 
structurelle ( 4 )  et des problemes analogues d ' evaluation de 
risques dans la protection du patrimoine contre les incendies et 
d ' autres risques naturels ( 5 ) . II nous a paru utile d ' elaborer 
une approche simi laire pour cette conference . 

Le point de depart de cette methodologie est que chaque 
probleme technique se trouve dans un vaste contexte qu ' i l faut 
analyser profondement . Pour cela une approche pas a pas est 
proposee qui distingue les phases suivantes :  L ' ANALYSE ;  LE 
DIAGNOSTIC ,  LA THERAPIE et LE CONTROLE . 

Poursuivons ces differentes phases afin d ' eclaircir nos 
idees . 
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1 . L ' ANALYSE . 

Un monument historique doit etre analyse dans ses differentes 
dimensions . I I  s ' agit d ' un objet architectural qui reflete une 
histoire et donc l ' analyse historique doit etre etudiee . II  
s ' agit d ' un conglomerat de materiaux et done Ie comportement de 
ces materiaux doit etre connu . L ' architecture nous devoile aussi 
une typologie de construction qui ressort de l ' histoire de 
l ' architecture et est la reponse envers les differentes 
restrictions comme Ie cl imat , la presence de matieres premieres ,  
une technologie acquise dans la peri ode de construction et des 
differentes interventions ulterieures . 

L ' architecture elle-meme est porteuse d ' une signi fication 
( 6 ) , elle est un " symbole" qui doit etre compris dans Ie  contexte 
de la societe qui l ' a cree , mais elle devient , comme monument 
historique , un symbole pour notre societe d ' au jourd ' hui . 

La phase de l ' analyse envisage donc d ' e f filer ces differentes 
dimensions afin de pouvoir les estimer et les confronter dans Ie  
diagnostic ou les grandes lignes de l ' intervention doivent etre 
def inies . 

L ' analyse tiendra , entre autre , compte des pas suivants : 

a .  l ' etude de l ' environnement dans lequel se trouve l ' objet de 
l ' etude , la situation geographique , Ie climat , Ie  microclimat 
( urbanistique ) ,  la situation dans un reseau urbain , la 
disponibil ite de matieres premieres , la technologie acquise par la 
societe . 

b .  l ' etude historique du batiment base sur des sources ecrites , 
iconographiques mais aussi des temoins dans la construction meme . 
cette etude necessite done un releve precis et detaille du 
batiment . 
c .  l ' etude des materiaux : leur composition originale , l ' origine 
des matieres premieres employees , leur etat de conservation , 
l ' emplacement mutuel , les degradations qui temoignent de leur 
incompatibil ite ( fissures , degradation plus accentuee dans la zone 
de contact , . . •  ) ,  les caracteristiques physiques et structurels 
( porometri e ,  isothermies , . . .  ) des materiaux . Dans Ie cas des 
constructions en terre la connaissance de la structure interne du 
materiau ainsi que les caracteristiques des terres employees pour 
la f abrication est de grande importance . 

d .  Ie comportement mecanique des constructions portantes en 
terre doit etre etudie en tenant compte du systeme global de la 
structure et pas seulement des materiaux isoles . Par exemple Ie  
comportement d ' une paroi en terre renforcee de pannes de bois lors 
d ' un tremblement de terre , ne peut s ' expl iquer que par la 
comprehension de l ' interaction des differents materiaux . 

Les elements cites ci-dessus semblent assez evidents et font 
l ' objet de la plupart des etudes prealables , mais nous voulons 
insister ici que cette approche ne peut satisfaire que si les 
elements suivants sont aussi inclus : 

e .  l ' architecture reflete aussi une typologie de construction 
qui a son tour ref l ete la connaissance du savoir-faire d ' une 
societe a une certaine periode . Ceci est de ja en soi une 
dimension interessante qui vaut l ' etude . certaines de ces 
typologies sont la cumulation de la connaissance acquise pendant 
des siecles , des reponses aux restrictions posees par 
l ' environnement et les degradations qui en suivent . La protection 
des parois en terre par des grands toits en surplomb dans les 
regions pluvieuses en est un exemple . La protection des parois en 
terre par des enduits , qui sont souvent renouveles pendant les 
travaux d ' entretien , en est un autre . 

f .  typologie et materiau sont l ies entre eux dans la conception 
initiale du batiment et donc dans une approche de conservation . 
Le conservateur approchera donc avec beaucoup de retenue Ie 
batiment en respect ant la typologie . 

Dans di f f erentes regions du monde , souvent les pays en voie 
de developpement , la technologie ancienne a ete conservee et on 
trouve aisement la main-d ' oeuvre pour entretenir ces constructions 
de la meme maniere que cela a ete fait pendant longtemps . La 
sauvegarde de la technologie ,  dans ce cas , est possible par la 
poursuite de la tradition d ' entretien . 
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Dans beaucoup de pays -dits civi lises- cette main-d ' oeuvre 
n ' est plus disponible et on a perdu la notion importante de 
l ' entretien regul ier . Le probleme de la conservation des 
batiments devient alors different : la sauvegarde de la technologie 
ne peut alors qU ' etre garantie par la conservation minutieuse de 
ses temoins dans des circonstances penibles creees par Ie  manque 
d ' entretien ! 

La conservation d ' un monument historique necessite souvent la 
mise en valeur de la signif ication dont i l  est porteur . Cette 
dimension doit etre etudiee afin de pouvoir decider comment se 
fera l '  intervention . Peut-etre faudra-t-il une intervention 
architecturale afin de rendre plus l isible aujourd ' hui la 
signification d�nt il  s ' agit . 

2 .  LE DIAGNOSTIC . 

Le diagnostic est en effet la confrontation et la synthese des 
resultats de l ' analyse . II faudra resoudre differents dilemmes . 
Je vous en presente quelques-uns . 

a .  faut-il consolider une ruine de murail les en adobe sans 
restaurer ces elements typologiques qui ont ete con9us , mais qui 
n ' existent plus , pour la protection des parties superieures des 
murs ( voir par exemple les surplombs des toitures ou les enduits ) ?  

b .  doit-on reemployer comme element structure 1 un mur en adobe 
qui apparemment est lezarde par la perte de cohesion du materiau 
meme et par des fissurations dues a des tassements differentiels? 
La valeur historique de ce mur sera appreciee differemment s ' i l 
porte des traces uniques pour l ' histoire ou s ' i l peut etre refait 
a neuf sans changer vraiment la valeur historique du batiment . 

c .  dependant de la valeur unique de l ' element sur lequel i l  faut 
intervenir , une technique de consol idation et de conservation peut 
etre executee pour autant que cette technique offre assez de 
garantie . Par c�ntre si la valeur monumentale de cet element 
architectural ressort de son aspect global cet element pourrait 
etre refait avec des techniques traditionnel les , me me ameliorees . 

d .  beaucoup de constructions en terre ont pu survivre tout au 
long des decennies , des centenaires par l ' entretien qu ' elles ont 
subi regulierement . Cet entretien de nos jours est souvent 
negl ige et beaucoup de ces batiments fragiles en terre sont dans 
des situations deplorables . La restauration devient alors un 
travai l  d ' entretien accumule et ajourne qui devient alors plus 
radical que la poursuite de travaux d ' entretien normaux aura it 
cause . ceci peut clairement etre i l lustre a Quito , Oll la 
vulnerabi lite du patrimoine est accrue par manque d ' entretien 
apres les tremblements de terre . 

e .  la perte de la main d ' oeuvre special isee et du savoir-faire 
traditionnel est une hypotheque sur la poursuite des travaux 
d ' entretien tellement necessaire . Ne faut-il donc pas d ' abord 
parler de la conservation de la main-d' oeuvre et du savoir-faire 
avant d ' aborder I e  probleme de la conservation des batiments 
memes? 

En resolvant les dilemmes il faudra definir les objectifs 
precis de l '  intervention . ceci aussi bien au niveau architectural 
qu ' au niveau technique : quel les sont les exigences auxquelles les 
interventions doivent satisfaire pour garantir une securite 
suffisante pour la protection de l ' unicite de l ' objet et de la 
securite acceptable pour la societe . Ces objectifs s ' expriment en 
termes precis comme par exemple une resistance mecanique de X MPa , 
une progression de deformation l imitee , . . .  

3 .  LA THERAPIE ET LE CONTROLE . 

Dans cette phase seront definis les travaux qui doivent etre 
executes . lIs seront decrits et executes tenant compte des 
obj ectifs definis par Ie  diagnostic . Nous lions directement cette 
phase au contr61 e  qui est Ie  " feed-back" vers les phases 
precedentes . 
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Le contrale permet en cours d ' execution d ' evaluer la 
therapie .  Les criteres d ' evaluation sont definis par le  
diagnostic mai s  i l  faut aus s i  tenir compte de l ' incertitude 
inherente l iee a l ' analyse .  On cons tate par exemple lors de 
l ' intervention que les prealables de l ' analyse ne sont pas 
confirmes , ou pire encore , contredits . Il faut alors retourner a 
la phase de l ' analyse afin de revoir quelles sont les implications 
des nouvelles donnees sur les deci sions prises . Ainsi la 
methodologie s e  presente comme un parcours avec recouplages , 
chaque nouvel le donnee sera relatee aux valeurs ressortant de 
l ' analys e . 

Cette procedure nous donne auss i  la pos s ibilite de l imiter 
les travaux excessifs  dus aux incertitudes . 
Prenons par exemple un mur porteur qui ,  suite aux charges qu ' il 
porte , subit une deformation croi ssante . cette deformation 
croissante est une mesure pour le manque de stabil ite ( 7 )  et des 
calcu l s  devront donner des indices sur les marges de securite , qui 
a leur tour definiront les caracteristiques a donner a la 
mayonnerie pour qu ' un niveau de securite acceptable soit atteint . 
Ces caracteristiques seront comparees aux prestations des 
techniques qui peuvent etre employees et on choisira une methode 
qui interviendra le moins possibl e .  Nous savons que dans la 
methode de calcul beaucoup de facteurs d ' incertitude sont compris 
et nous devrons essayer de les eliminer le plus possibl e .  Ceci 
peut se faire par une amel ioration de la connai ssance du 
comportement des materiaux ainsi que par l ' emploi d ' un modele plus 
approprie au probleme a resoudre . S i  pour des raisons de 
sauvegarde de l ' authenticite , une intervention minimale est 
proposee , un systeme de contrale de deformation peut nous aider a 
evaluer l ' effet de l ' intervention .  Une premiere intervention peut 
alors etre executee et evaluee avec le systeme de "surveillance" .  
si ce systeme de contrale montre que l ' intervention est 
satisfaisante , meme si le  calcul avec toutes ses marges 
d ' incertitude n ' aurait pas pu le demontrer , une garantie est 
offerte et l ' intervention est minimal isee . si par contre le 
systeme de contrale ne nous donne pas s atisfaction sur les travaux 
executes , parce que par exemple la croi ssance des deformations 
n ' es t  pas satisfaisante , une s econde intervention peut etre 
proposee . Ainsi une intervention en cascade peut etre executee 
avec chaque fois des etapes minimales qui evitent chaque 
exageration . 

Cette approche que nous avons employee pour l ' eglise de Notre 
Dame a Ninove en Belgique , montre qu ' i l  est possible d ' eviter des 
interventions qui ressortent de l ' incertitude de notre 
connaissance du comportement des materiaux et du manque 
d ' exactitude des modeles de calcul , 

Il s ' agit donc de definir , pour chaque type de probleme qui s e  
pose dans le  batiment , l e s  parametres qui refletent a u  mieux 
l ' efficacite de l ' intervention . De plus s i  ce parametre peut etre 
mesure avec des techniques non destructives , un systeme optimal de 
surveillance peut etre etabl i .  

Le schema des differentes etapes pour resoudre de cette 
maniere un probleme de stabi l ite peut etre resume par le graphique 
suivant . Pour des problemes avec les materiaux , des schemas 
analogues peuvent etre elabores . 
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ANALYSE 

�tudiez les informations generales sur Ie 
�iitiment, la structure, les options de base de 

estauration. 

�alysez et inventoriez la situation dans 
aquelle se trouve la structure par une 
�nalyse approfondie. 

� informations confirment-elles les !Ajustez les informations 
nformations generales? �enerales. 

� 
OUI 

OU ILe probleme structurel est-il simple ou de 
outine? 

r-

NON 

DIAGNOSTIC raites un modele de la structure. justez Ie modele. 
+ [ESt-ii, ainsi defini, un mecanisme? justez les informations 

�U enerales. 
NON JOUI �

t
modele peut-il 

�tre ajuste? 
,NnN 

tan�nnez la I erifiez la securite de la structure. I tructure. 

OUI 

E securite est-elle suffisante? � �harges, forces, marges de 
UUl r.ecurite partielle: 

,NO!' peuvent-elles etre corrigees? peterminez Ie diagnostic. 

r structure, est-elle satisfaisante? fUl fas de theraiJie ne�iiefl 
1 NON 

OUIP;-elements critiques �'enlevement ou l'endommagement de 
certains elements de la construction, �uvent-ils supporter des 

peuvent-ils mettre en danger la stabilite 
Forces accidentelles? 

otale ou partielle de la structure? OUI \ NON NON 
1 
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I 
THERAPlE 

• Protegez ou renforcez ces 
elements critiques. 

rescrivez la therapie. I r 
NON 

'accorde-t-elle avec Ie cadre general? justez la therapie. I 
IAjustez les informations OUI 
�enerales. 

NON ILes informations generales de l'analyse, 
kont-elles confirmees pendant l'execution de 

a therapie? 
OUI t therapie reste-t-elle praticable? I 

i NON lOUI 
FntrOlez et dosez l'execution. 

CONTROLE 
�alysez la structure amelioree. Rapportez 
es travaux executes. 

Conclusion . 

La conservation des monuments en terre n ' est pas seulement un 
probleme technique qui a comme but de conserver ou restaurer au 
mieux Ie materiau . 

L ' approche proposee veut mettre en evidence l ' importance des 
differentes dimensions de la conservation architecturale qui 
toutes doivent etre prises en consideration quand des decisions 
sur l ' intervention doivent etre prises . 

L ' evaluation des valeurs historiques ainsi que l ' evaluation 
des problemes techniques sont de ja aujourd ' hui Ie sujet de 
beaucoup d ' etudes prealables aux interventions . 

La connaissance et , surtout , l ' interpretation a l ' egard de la 
conservation des typologies de construction et la conservation des 
methodes d ' entretien ainsi que de la main-d ' oeuvre sont souvent 
negligees . 

L ' etude de ces typologies nous apprend beaucoup sur la 
durabil ite des techniques - y compris les details architecturaux -
suite a une experience beaucoup plus longue qu ' avec les produits 
modernes .  Elle nous aidera a intervenir plus scrupuleusement et 
d ' envisager des solutions architecturales appropriees pour des 
uroblemes meme techniques . 
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ABSTRACT 

Wit hin t he social framework 
of Peruvian rea l i t y , t he im
portance of hous ing b u i l t  
with mud and o t her tradi 
t ional materials i n  the re
gion as we l l  as t he need of 
using improved technologies 
in seismic and rainy areas 
i s  presented . A des crip t 
i o n  i s  cont ained here in o f  
characteri s t ics , advantages 
and d i s advant ages of earth
en bu i ldings as we l l  as 
technical recommendat ions 
which have been deve loped 
after extens ive research 
programmes and subs equent ly 
imp lemented over the last  
1 5  years i n  low- co�t housing 
in s e ismic area s . Recom
mendat ions inc lude con s t ruc
t ion with mud , rammed eart h 
and qu incha ( bahareque ) ,  as 
we l l  as mud plas ters and 
paint ing . Many of these 
recommendations have been 
included in the Seismic 
Peruvian Code . 
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CONSTRUCCIONE S DE TI E RRA , EN E L  PE RU DE HOY 

Julio Vargas Neumann* y Juan Bariola Bernales 
Pon t i f ic ia Univers idad Catol i ca del Peru 
Departamento de Ingenieria 
Apartado 1 7 6 1 ,  L ima 
PE RU 

En los ult imos 25  afios , en el Peru s e  ha produc ido un abandono de 
atenc ion al i n t erior de l pais , espec i a lmen te en la S ierra , y un 
proceso de migracion escalonada del campo a la c iudad . 

Como resul t ado de este proces o ,  la velocidad de incremen to 
poblacional en las princ ipales c iudades de la Cos t a ,  es mucho ma
yor que l a  de crear soluc iones hab i t a c iona les . El de f i c i t  anual 
es de 1 0 0 , 0 0 0  un idade s .  Tuguri z acion y asentamientos urbano
marginale s , son notorios en dichas c iudades . Procesos de invas ion 
de terrenos privados , f i scales y publicos , han ido present andose 
en forma crecien te . 

Los precios de la con s t ruccion aument aron a un ritmo mucho 
mayor que el poder adqu i s i t ivo . La obra que con s t ruye el E s t ado , 
no puede ser adqu irida por la pob lacion . 

Sin embargo , la neces idad e ins eguridad de los sec t ores mar
gina les , los conduce a cons tru ir con mucho es fuerzo , u t i l iz ando 
s i s temas informales de autoge s t ion y autoconstrucc ion . La puj an
za de este sector 10 conv ierte en el cons truc tor de l 75 a 80% de 
la act ividad actua l .  

E s  obv io que frente a este panorama hay que des arro l lar dos 
act ividades fundamen t ales : apoyar los procesos informa les ex i s 
tentes y di fundir soluciones d e  muy ba j o  cos t o .  

No es fac i l  regresar a soluc iones t radiciona les . Es necesa
rio conocer l a  his toria , las tradic iones sociales , los problemas 
pob lacionales y sus prioridades , para luego d i sefiar la solucion 
ma s adecuada a cada comun idad . Sin lograr una verdadera mo t iva
cion , e s  me j or no in terve nir apoyando e l  proceso . 

La con s t ruccion en t ierra , indudablemente de una tasa costol  
cal idad baj a ,  es una solucion en e l  Peru de hoy . 

se est ima que el cos to de una vivienda rus t ica de t ierra 
autocon s t ru ida e incluso autoge s t ionada , no sobrepas a  de 15 dola
res por metro cuadrado y e l  de una de qu incha , 4 0  dolares . E l  
casco habi t able e n  albafii leria de l adri llo , cuesta e n  l a  misma 
region 8 0  dolares pur me tro cuadrado y una v iv ienda terminado de 
clase media , 2 0 0  dolares . 

En general ,  en ade lante nos referiremos a las cons t rucciones 
de adobe , s a lvo menc ion expresa . 

Las con s t rucciones de t ierra , como las de cualquier otro ma
teria l , t ienen una serie de ventaj as y desven t a j as . En funcion 
de ellas y de las carac teris t icas ecologicas de cada zona , resul
ta e l  mayor 0 menor uso de este t ipo de edificac iones . 

Entre las ven t a j as se puede enumerar las s iguientes : 

S impl i c idad de e j ecucion . 
Economia . 
Ais lamiento t ermico y acus t ico . 
Produccion s in cons umo de energia . 

Los mayores inconvenientes podrian ser : 

Durabi l idad ( erosion , humedec imiento , etc ) .  
Fragil idad frente a des a s t res naturales ( s i smos e inunda
c ione s ) . 
Disminucion de las areas efec t ivas deb ido al grosor de los 
muros . 
Aceptabi l idad soc ia l .  

La tecnologia moderna h a  des arrol lado e n  las ult imas decadas , 
materiales nuevos , propios de paises indus trial i z ados . Mellos e s 
fuerzo s e  h a  invert ido e n  la solucion 0 control d e  l a s  de f ic ien
c ia s  de los ma teriales primi t ivos 0 naturales , mas propios de los 
paises de l Tercer Mundo . 

*Autor a quien debe ser dirigida la correspondenc i a . 
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Una revis ion del l i s tado de ven t a j as y desven t a j as presenta
do , nos permi te concluir que las primeras son cada vez mas impor
tantes en el mundo de hoy ; y las segundas son s uperables con e l  
aux i l io d e  nuevos conoc imien tos tecnicos y programas educat ivos de 
apoyo estat a l . 

Por estas razones , t a l  vez como consecuencia de alguna ley 
natural , se podria afirmar que las cons truc c iones de t ierra volve
ran a imponerse en el fu turo . 

Para lograr la u t i l i z ac ion mas iva de la cons truccion con 
t ierra en una sociedad actual l a t i noamericana , en primer lugar , es 
necesario des arrol lar l a  informacion tecnica que permita compe t ir 
al material , con los existentes en el mercado actua l . 

E s t o  s ignifica el conoc imien t o  del material en s i  y t ambien 
desde e l  pun t o  de v i s t a  arquite cton ico y estructural en base a es
tudio e inve s t igacion que permita des arro l lar normas , manuales de 
dis eno , textos , pan fletos de d i fus ion prac t ica , material d idac t ico 
a d i ferentes n iveles de formac ion e in formacion para la educacion 
con t inua de los espec i a l i s t a s . 

Des arrollado 10 anterior , al igual que o t ros ma teriales , la 
t ierra podra ser s e lecc ionada por comparac ion de resul t ados y 
cos tos , por fac i l idades de diseno , cons truc c ion y uso . 

Las areas mas rez agadas de es tudios , son s in dud a las asocia
das a l  comportamien to s i smico y a la durab i l idad frente a la hume
dad 0 al agua . 

Recomendac iones Tecnicas 

Las recomendac iones que se pres entan , son apl i c ables a las con s 
truc c iones d e  t ierra e n  genera l ,  pero e s t a n  e spec ialmente orienta
das a la vivienda popular , pre tendiendo me j orar la cal idad de l a  
con s t ruccion espon tanea , informal 0 mas iva que es la que mayores 
perdidas de vida y danos produce fren te a los eventos s ismicos . 

No inc luye por tanto las soluciones que usan estab i l i z antes 
( cemen t o , cal , a s f a lt o ,  et c . ) para me j orar la res is tencia 0 dura
b i l idad , ni refuerzos u t i l i z ando materiales costosos ( concreto , 
acero , et c . ) para me j orar su comportamiento d inamico . 

Las recomendaciones son el re sultado de extensos programas de 
inve s t i gac ion real i z ados en los u l t imos 1 5 anos y fase fundamental 
para las etapas de D i fusion e Implementac ion ( ver notas 1 a 6 ) . 

a }  Suelos de Fundac ion : La fragil idad y poca res i s tencia s ismi
ca de las cons truc c iones de adobe , obl iga a l imitar los posibles 
emplazamientos de las con s t rucciones a aque l las areas asoc iadas a 
subsue los firmes 0 re lat ivamente f irme s . 

b )  C imentac ion : Los c imien tos y sobrec imientos para los muros 
pod ran ser de piedra 0 ladrillo asentados por un buen aglomerante 
( cemento , cal , ye s o ,  et c ) . En v i s t a  del e levado costo del cemento 
u otros aglomeran tes , su usc debe ser min imo ( como mortero para 
adherir las un idades ) .  ( Ver gra f .  1 ) . 

E l  refuerzo vertical nace en el sobrec imien to , para fac i l itar 
la cons truc c ion del c imiento . 

c )  Otras Caracteri s t icas Apropiadas : Desde e l  pun to de v i s t a  
d e l  comportamiento s i smico , las con s t rucciones d e  t ierra s o n  pe l i 
grosas , y a  que l o s  metodos trad ic ionales n o  t ienen s iempre en 
cuen t a  que el ma terial es pesado , poco re s i stente y fragi l .  

La tecnologia moderna debe tender prec i samente a a l igerarlas , 
concederles re s is t encia y duc t i l idad . 

Los techos y t impanos deben ser muy l i geros , a s i  como la al
tura de las paredes debe ser min ima . 

En la con s t ruccion de los muros de adobe , no debe usarse 
suelos sin s u f ic iente arc i lla ( ver prueba de re s i s tencia seca ) . 
Debe anadirse arena gruesa 0 pa j a  para controlar 0 evitar f isura
ciones , espec ialmente en el mortero de j unta ( ver nota 7 ) .  

Por razones s ismicas , t odas las cons trucciones de t ierra de
ben tener refuerzos de material de alta re s i s tencia a la tracc ion 
y compat ib le s  con e l  ma terial ( madera 0 cana ) .  

d )  Refuerzos : E l  refuerzo mas e fect ivo para los muros es e l  de 
cana 0 madera , cons t i tuyendo ma llas amarradas en los nudos y colo
cadas a l  interior de los muros en una 0 dos capas vert icales se gun 
el espesor de los mi smos ( Ver gra f . 2 a , 2 b ,  2 c ) . 
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E n  las con s t rucciones de bahareque 0 quincha cons t it uyendo 
marcos de mayor secc ion , rellenas con mallas s ecundarias de menor 
secc ion ( Ver gra f .  3 a ,  3b ) .  

En t odos los cas os las ma llas y marcos deberan estar f irme
mente conec tados a la c imen tac ion y a la viga collar superior que 
se de scr ibe mas ade lant e .  

E n  los nudos y encuentros , las maderas 0 canas s e  unen ama
rradas con h i lo de pescar ( nylon ) 0 sust itutos de exis tencia local 
( cueros , sogu i l las , e t c ) .  

Conviene colocar una capa de refuerzo horizontal a la altura 
de los dinteles de puertas y ventanas ( ba j o  los dinteles ) .  Los 
dinteles deben tener t odos e l  mismo n ivel y s u f ic iente longi tud de 
apoyo ' a  cada l ade de los vanos . 

Los refuerzos horizontales que se encuent ran en las esquinas , 
deben t renzarse y amarrarse e f icien temente entre s i .  

Todos los muros deben l levar una viga collar cont inua en la 
parte s uperior de los mismos . 

Una buena solucion es la mos trada en e l  gra f .  4 . ( ver al f i na l) 

La viga collar superior e s tara un ida a la c imen tac ion a tra
ves del refuerzo vert ica l , tal como se vio en e l  gra f .  2 ,  para 
garan t i z ar e l  t raba j o  integra l de los muros . 

Los dinteles de los vanes tamb ien deben ir f i j ados a la viga 
cadena superior , para imped ir una v ibracion desordenada . Para 
e l la se puede usar unas cuantas t ab l i t a s  de madera ( Ver gra f .  4 ) .  

Notese que en los encuentros de esquina 0 en T ,  los refuerzos 
cubren los contra fuert es 0 proyecc ion de las parede s . E s t a  dispo
s icion fac i l i t a  l a  interconex ion de las paredes y de la viga cade 
na y me j ora e l  comportamiento g lob a l . 

e )  Techos : Los techos t ienen dos partes principales : la e s t ruc
tura y la cobertura . 

E l  con j unto debe ser l igero y estar bien conect ado entre s i  y 
a los muros . 

La 
muros 0 
carga . 
y s i  e s  

e s t ructura de scansara s obre la v i g a  col lar colocada en l o s  
en e lementos longitudinales d e  madera , para dis tribuir la 
Se evit ara apoyar las vigas sobre la z ona de los dinteles 
inev i table se reforz ara adecuadamente dichos dintele s . 

La e s t ructura no debe generar empuj es laterales sobre los mu
ros y debe garan t i z arse su propia e s t ab i l idad latera l . 

La cobertura garan t i z ara la impermeabilidad del techo . S i  se 
usa a lgun t ipo de paj a ,  se recomienda colocar en lucidos de barro 
mez c l ado con a l gun impermeab i l iz ante 0 e s t ab i l iz an t e .  

f )  Muros d e  Adobe 0 B loque s : Tan t o  e n  e l  bloque cort ado como en 
el moldeado , los b loques mas res i s tentes corresponden a los sue los 
plast icos 0 arc i llosos . Sin embargo , la res i s tencia de l b loque 
j uega un papel secundario en la res i s t encia de la mamposteria , en 
la cual son crit icas las j untas entre b loques . 

Para garan t i z ar la adhe s ion entre b loque s y mortero , debe 
evitarse la micro f i suracion de e s t e . Las condic iones de secado 
del mortero son muy severas por l a  veloc idad del proce so a l  poner
se e s t e  en contacto con los b loques avidos de humedad y por la 
res t ricc ion a l a  cont racc ion de s ecado . E s t o  produce la micro f i 
suracion menc ionada y l� deb i l idad d e  la mampos teria . E s t e  cono
c imien t o  no e s  t radic iona l y debe ser cu idadosamente di fundido 
( ver nota 7 ) . 

S i  el barre de la j unt a ,  que normalmente es e l  mismo u t i li z a 
d o  en e l  b loque , t iene s u f ic iente arc i l l a  d e  acuerdo a l a  prueba 
de res i s tencia seca , entonces debe obs ervarse s i  t iene problemas 
de f i surac ion . S i  los t iene debe anadirse al mortero pre ferente
men te paj a ,  en l a  mayor cant idad pos ible s iempre que permita una 
t raba j ab i l idad aceptable ( cerca de 1 : 1  en volumen ) .  Tamb ien s e  
puede a l t ernat ivamen t e ,  anadir arena gruesa . La proporcion ade
cuada v iene dada por la prueba de control de f isurac ion . 

En suelos arc il losos conviene remoj ar los adobe s  unos minu
tos , antes de asent arlos y moj ar la capa ant erior de b loques antes 
de colocar el mortero de j unta . En suelos arenosos no conviene e l  
remoj ado .  Solo conviene moj ar l a  capa anterior d e  b loques . 
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Debe llenarse cuidadosamente las j untas vert icales de l mor-
tero . 

Los b loques u t i l i z ados deben estar bien secas para evitar fu
turas retracc ione s .  

Las dimens iones de los b loque s no son muy import antes para la 
res i stencia , n i  t ampoco e l  apare j o  0 dispos ici6n de los b loques 
entre s i .  

g )  Muros de Tapia l : 
s is t encia act ivando l a  
d e  t a p i a l  1 0  hacen por 
j e s  de humedad . 

Las cons t rucc iones de adobe adquieren re
arcilla del suelo por humedecimiento , las 
compactaci6n , u t i l i z ando menores porcenta-

Exist iendo arcilla , la mayor res is tencia se obtiene con mayor 
humedec imiento y compac tac ion . Hay s in embargo , por un l ado , l i 
mitac iones pract icas para l imitar e l  humedec imiento : la fac t ib i l i 
dad de poder golpear y compac t ar e l  suelo y la exces iva deformabi 
l idad a l  desenco frar ; p o r  o t r o  l ado , e x i s t e  e l  problema de la f i 
suraci6n . 

Para controlar la f i s urac i6n se ex ige e l  uso de bajos porcen
tajes de humedad ( de l  orden de los opt imos en l a  prueba de Proctor 
o menore s ) y el control de l a  cant idad de arc i l la anadiendo a los 
sue los arena gruesa . Si l a  cant idad de arena gruesa e s  exces iva , 
se di sminuye la res i s t encia peligrosamente . Se recomienda hacer 
pruebas de muros con d i s t intos porcent a j e s  crec ientes de arena , 
has t a  que se controle tolerablemente la f isurac ion . 

La compac tac ion 0 numero de golpes del muro , es funcion del 
peso y forma de la herramienta . A mayor compactac i6n , mayores re
s is tencias . Pero l lega un momento que la e f ic iencia no progresa . 
Se recomienda una compactacion norma l , que no produzca que peda zos 
de barre s e  queden adher idos a l  enco frado cuando este s e  ret ira . 
Se recomienda 5 0  golpes cada 1 0 0 0  cm2 con un maz o  de 8 a 1 0  kgs de 
pe s o .  La a l tura recomendable para los b loques varia entre 5 0  y 8 0  
cms , pero es muy importante que l a s  capas d e  compactado n o  sean 
mayores de 10 cms . 

La me j or forma de garan t i z a r  el monol i t i smo en las paredes de 
tapial , es echar pa j a  y bastante agua en las sub j untas de compac 
tado ( cada 1 0  cms ) .  

As imismo , entre bloques 0 me j or dicho entre capa y capa de 
tapial ( cada 50 a 80 cms ) , es necesario echar bastante agua antes 
de colocar e l  material superior y compactarlo . 

La colocac i6n de piedras , grava 0 paj a entre capa y capa de 
tapia l , no es necesaria , n i  ut i l . 

La ut i l i z ac ion de pa j a  en la me z c l a  de barre en cant idades 
exces ivas ( mayores de 1 : 1 / 4  en volumen ) es cont raproducente pues 
disminuye la res i s tenc ia . 

h )  Con s t rucc iones de T ierra con E s t ruc turas de Madera 0 Cana 
( Qu incha ) :  El comportamiento s ismico de este t ipo de con s 

t rucc iones puede l legar a s e r  muy bueno , s i  e s  que s e  obs ervan 
cinco puntos fundamentales : 

Buenas conexiones entre los e lemen tos de madera 0 cana , de 
forma de gara n t i z ar un comport amiento integra l . Las conexiones 
normalmente son hechas con c lavos . E l  numero y dimension seran 
s u f ic ientes pero no exces ivos como para raj ar los e lementos . Tam
bien pueden concebirse uniones amarradas con cueros , sogui l las , 
etc . 

Rigidez la teral en base a a l gunos e lementos oblicuos de 
arrios t re en e l  p lano de l a  estructura , de manera de disminuir la 
deformab i l idad y por tanto l a  f isurac ion del material de re l leno 
de l a  e s t ructura ( norma lmente barro ) .  

Preservac ion de los e lemen tos de madera y cana , e spec ialmente 
en la parte embut ida en la c imentac i6n , que debe ser de concreto , 
piedra 0 l adri llo , estes u l t imos asentados con morteros de cemen
to , cal 0 yes o .  

Adic iona lmente e s  recomendable que e l  mat erial d e  re l leno 
con s i s t a  en mallas de madera 0 cana de menor secc i6n , sobre las 
cuales se coloca una capa de barre con pa j a  ( 1 : 1  en volumen ) por 
cada cara , a manera de re lleno y e n lucida . Muchas veces esta ma
lla e s  tej ida entre s i ,  e incluso a l rededor de la estructura prin
cipa l . 



Tan to en las v iv iendas cons t ru idas como s istema cont inuo , co
mo en las de pane les pre fabricados , debe colocarse una so lera 0 
viga cont inua superior que t iene doble mis ion : 

Garant i z a r  un traba j o  integra l de todas las paredes ; y  
D i s tribuir adecuadamente las cargas del t echo . 

Solo despues de f i j ar e s t a  v i ga cadena s uperior y e l  techo 
( cuando se ha terminado de clavar ) ,  debera ser co loc ado el relleno 
de barro , para evitar que este s e  desprenda 0 f isure con los gol 
pes propios d e l  clavado d e  l o s  eleme ntos . 

En e l  caso de pane les pre fabricados , los marcos de los pane 
les pueden l legar a tener secciones muy reduc idas y economicas 
( 1 " x 3 "  0 1 "  x 2 " ) .  La conexion entre paneles s e  e fect6a con 
c lavos , pero las maderas 0 canas tej idas para rec ibir el rel leno 
de barr� , puede no ser clavada . 

i )  En luc idos y P inturas : La final idad de los enluc idos y pintu
ras es brindar protecc ion y durab i l idad a los muros , ademas de las 
razones estet icas . 

Los en lucidos en base a ad i t ivos naturales , pueden estar con 
formados por dos capas . La pr imera de alrededor de 1 cm, con for
mada por una me zcla de barre con pa j a  ( 1 : 1  en volumen ) y un adit i 
v o  natural que aumente la res i s t enc ia h6meda d e l  barre para impe
dir su f isuracion durante el proc eso de secado , que es paralelo a 
la adqu i s i c ion de res is t enc ia sec a .  E l  ad i t ivo natural ayuda a 
res i s t ir las tensiones de retraccion de secado re stringido . La 
segunda y fina l , es compuesta por barre de ma terial f ino que cuan
do esta cas i seco , debe ser frotada energicamen te con pequenas 
p iedras redondeadas y lisas de la mayor dure z a  pos ible . 

Se recomienda como adit ivo na tural el uso de j uga de cactus 
me z c lado con agua ( 6 0 kgs de cactus para 40 l i t ros de agua ) para 
me z c lar con la t ierra de la primera capa , has t a  obtener una traba
j ab i l idad razonable . 

Existe otros adit ivos naturales de accion seme j ant e , tales 
como la re s ina de algarrobo , 0 el agua del hervido del arbol de 
banana , etc . 

Aunque no s iempre se puede d i sponer de b i tumen y tampoco es 
economico , es pos ible u t i l i z ar en luc idos preparados en base a este 
materia l .  

Las p inturas deben pre ferentemente ser insolubles en a gua pa
ra proteger a los muros de las l luvias . 

Se u t i l i z a  lechadas de cal , de cemen to , de yeso , aceites y 
tambien extractos de plantas . 

Genera lmente , las p inturas modernas de origen quimico 0 s in 
tet ico , t ienden a formar barreras contra la humedad pero solo 
proporc ionan prot ecc ion t emporal , pues s e  desprenden . 

Conclus iones 

La s i tuac ion socio- economica de c iertos paises latinoamerica
nos es tal , que requiere soluciones de vivienda de muy baj o cos t o , 
como la de construcc ion con t ierra ( adobe , tapia l , quincha , et c ) .  

E l  proc eso de des arro llo de programas de con s t rucciones con 
t ierra , exige previamente es tudio , inve s t i gacion , d i fus ion del co
noc imiento , e laborac ion de normas , discus ion tecnica int ernacio
nal , et c . , para que e l  material pueda compe tir tecnicamente con 
materiales mas re s i s t entes y costosos . 

E l  es fuerzo rea l i z ado en inve s t i gac ion en el Per6 , Gua temala , 
Mexico , et c . , debe ser tontinuado y complement ado con las fases 
de discus ion y d ivulgac ion , de manera de lograr que e l  material 
sea acept ado por la comun idad profes ional internac ional primero y 
por los gob iernos y usuarios despue s .  

ANEXO 

Prueba de Res istencia Seca 

Se f abric an tres 0 mas bolitas pequenas de s uelo de aproximadamen
te 2 cm de d i amet ro . Una vez secas ( a  las 24 horas ) se aplas t a  
cada bolita entre l o s  dedos pul gar e indice . S i  las bolitas son 
tan fuertes que n inguna se puede romper , el suelo t iene suf i c iente 
arc i lla para ser usado en la cons t ruccion con adobe , s iempre y 
cuando se controle la micro f isurac ion del mortero debida al seca-
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do . s i  algunas bolitas se rompen , e l  suelo es inadecuado , ya que 
le falta arc i lla y deb era descartars e .  

Prueba d e  Control d e  Fisuraci6n 

Se fabrica por 1 0  menos ocho emparedados ,  con morteros hechos con 
me zclas en proporciones gradualmente decrec ientes de suelo y arena 
grues a .  Se recomienda que las proporc iones suelo/ arena gruesa , 
varien entre 1 : 0  y 1 : 3  en volumen . E l  emparedado con el menor 
conten ido de arena grue s a  que , al abrirse a las 4 8  horas , ya no 
mue s tre fisuras vis ibles en e l  mortero , ind icara la proporci6n 
suelo/ arena mas adecuada para la cons t rucci6n con adobe , de mayor 
res istencia . 
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ABSTRACT 

Arch i tectur e o f t e n  c om
pr i s e s  one o f  the mos t  con
s p i cuous f ea t u r e s  on ar
chae o l o g i ca l  s i t e s . How
e ve r ,  archae o l og i s t s  have 
g e n e r a l l y  not pa id the same 
att ent i on t o  a r c h i t e c t u r e  as 
t o  o t h e r  human ar t i facts . 

Us i ng data f r om t h e  
Tr u j i l l o  H o u s e  ( LA 5 9 6 5 8 ) ,  a 
1 9 th century H i s pan i c  
homes t ead near Ab i q u i u  i n  
t h e  R i o  Chama Va l l ey,  the 
O f f i c e  o f  Ar chae o l og i c a l  
S t ud i es o f  the Mus e um o f  New 
Mex i co is e xpl or i ng the u t i 
l i ty and p o t e n t i a l  o f  adobe 
analyses in ar chae o l og i c a l  
r e s earch . Ana lyses o f  adobe 
bu i ld i ng ma t e r i a l s  f r om the 
s i t e  show that t h e  adobe was 
made o n - s  i te us i ng ·local 
mat e r  i a l s . The v e r y  s andy 
s o i l  was mad e s and i e r  by the 
add i  t i on of coar s e  s and t o  
the ad o b e ,  p r od uc i ng adobe 
that was weak er than the 
nat ive s o i l .  Compar i s on o f  
mat e r i a l f r om a pos t - 1 8 8 0  
b o r r o w  p i t  w i t h  adobe f r om 
the s tr uc t u r e  shows s i g 
n i f i ca nt d i f f er ences w i t h  
ad obe f r om r ooms pr obab l y  
p r e -dat i ng the p i t ,  thus 
c l ar i fy i ng the cons t r uc t i on 
s equence o f  the house . 

Ana l ys e s  o f  adobe f r om the 
Tr u j  i l l o  House show p o t e n 
t i a l  f o r  pr ov i d i ng i n 
f o rmat i on on c hang i ng f r o n
t i er s e tt l emen t ,  s i t e f o r 
ma t i on p r o c e s s e s , and the 
u s e  o f  l oc a l  and r e g i on a l  
cons t r uct i on mat e r i a l s . 

KEYWORD S  

H i span i c  arch i te c t ur e ,  ar 
chaeol ogy, ad obe , par t i c l e  
s i ze ,  p l as t i c i ty,  s o l u b l e  
s a l t s . 
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Because ar c h i t ectur e o f t en compr i s es t h e  mos t  cons p i cuous f eatur e 
o f  an archae o l o g i ca l  s i t e ,  archae o l og i s t s  have been f or c ed to s t udy 
ar c h i  t ec t ur e as they wou l d  any other human art i f act . However , 
wh i l e archa e o l o g i s ts have d ev e l oped a w i d e  var i ety o f  t echn i ques 
to s tudy ar t i facts such as c erami c sherds , s t o n e  t oo l s ,  and g l ass 
or me t a l  i te ms ,  we have typ i c a l l y  not s t ud i ed a r c h i t e c t u r e  as a 
human ar t i fact . 

The O f f i c e  o f  Archaeo l o g i c a l  S t ud i es o f  the Museum o f  New Mex i c o  
i s  i nc o r po r a t i ng ana lys e s  o f  adobe bu i ld i ng mat e r i a ls i nto 
ar chae o l o g i c a l  data r ecovery p r o j ects i n  n o r t h - c e nt r a l  New Mex i c o . 
The r es earch d e s ign f o r  the Ab i q u i u  P r o j ect ( MNM P r o j ect 4 1 . 4 0 5 )  
i nvolves i nves t i gat i ng the d ev e l opment o f  H i s pan i c  and Puebl oan 
s oc i oc u l t u r a l  f r ont i er s . Us i ng data f r om t h i s  and other pro j ects , 
the O f f i c e  o f  Archaeo l o g i ca l  S t ud i es i s  exp l o r i ng the potent i a l  o f  
adobe ana lys e s  f o r  i l l umi nat i ng patterns o f  l o c a l  and r eg i onal 
mat e r i a l  use,  s e t t l ement , s i t e  f o r mat i on proces s e s ,  and f o r  t e s t i ng 
o r a l  t r ad i t i on . 

The Trujillo House (LA 59658) 

I n  1 9 8 8 ,  the O f f i c e  of Archae o l og i ca l  S t ud i e s  c onducted ar 
chae o l o g i c a l  data r ecovery i nves t i g a t i ons at f our s i t e s  i n  the R i o  
Chama Va l l ey i mmed i at e ly east o f  the v i l l age o f  Ab i qu i u  ( F i g . 1 ) .  
The s i t e s  we r e  r ec o r d ed dur i ng an archae o l o g i ca l  i nvent o r y  s urvey 
of U . S .  H i ghway 84 pr i or t o  p l anned r econstr uct i on act i v i t i es . ( l )  

One o f  t h e s e  s i t e s  was d e scr i bed as " a  d e n s e  r e f us e  d epos i t  
measur i ng r ou g h l y  2 3  by 1 0  m . . .  A l t hough n o  s t r uc t u r e s  wer e  
obs e r ved , not i c e ab l e  vegetat i on changes s ug g e s t  ar eas o f  occupa
t i on .  The dense trash depos i t  is characte r i s t i c  of dome s t i c  
r e f us e ,  s ugges t i ng a h i s t o r i c  r e s i dent i a l  occupat i on . " ( 2 )  Data 
r ecovery at t h i s  s i t e  i nc l uded arch i v a l  and ethnoh i s tor i ca l  
r e s earch as we l l  as extens i ve archaeo l o g i ca l  e xcavat i ons . 

Ar c h i v a l  r e s earch r ev e a l e d  that the s i t e  was l ocated on lands 
once b e l ong i ng t o  the fami ly o f  Jose d e  Ur i ba r r i ,  a geni zaro who 
s e tt l ed in Santa Tomas de Ab i qu i u  i n  1 7 5 4 . Alt hough the f ami l y  
h i s t ory i s  s omewhat c l oudy d u e  to t h e  nat u r e  o f  t h e  church 
bapt i s ma l  and mar r i age r ec o rd s ,  it appea r s  that Ur i bar r i ' s g r e a t 
gr anddaughter , J uana Mar i a  J a r ami l l o ,  mar r i ed o n e  J u a n  Est eban 
T r u j i l l o . The year of the i r  mar r i age is not c l ear , but the i r  f i r s t  
ch i ld was b o r n  i n  1 8 3 8 . T h e  l and was s o l d  i n  1 8 7 2  and aga i n  i n  
1 8 8 4 ,  but Tr u j i l l o  cont i nued t o  ma i nt a i n  h i s  r e s i d ence the r e .  An 
1 8 9 4  map o f  the Ab i qu i u  ar ea s hows the " house and l and o f  Juan 
T r u j i l l o "  at the l ocat i o n  o f  the ar chae o l o g i c a l  s i t e .  The house 
was appa r e n t ly abandoned s oon t h e r e a f t e r . ( 3 )  

Excavat i ons at t h e  s i t e  c on f i r med the ar chae o l og i c a l  s urvey and 
arch i va l  i n f o r mat i on by r evea l i ng the r ema i ns of an e i ght r o om, C
s haped adobe s t r uc t u r e  and a d e e p  t r a s h - f i l l ed p i t  ( F i g . 2 ) . The 
house mea s u r ed 3 4 . 5  m l ong by 1 0 . 5  m wide and f aced n o r t hwe s t . The 
wa l l  r emnants we r e  no t a l l e r  than 5 0  cm in the c e n t e r  of the h o u s e  
a n d  we r e  mi s s i ng at t h e  n o r t h  e n d s  o f  Rooms 1 a n d  7 ,  d u e  both t o  
h i ghway c o n s t r u c t i o n and t o  the s ubsequent bur i a l  o f  a t e l ephone 
l i ne a l ong the r i ght - o f -way f ence . 

The Tr u j i l l o  House was cons t r uc t ed o f  adobe br i c k s . I n  some 
por t i ons o f  the s t r uctur e ,  t h e  br i c k s  c o u l d  be d e f i ned a l ong the 
top and s i d e s  of  the wa l l  r emnants . Howeve r ,  natur a l  d e t e r i or a 
t i on o f  the adobe me ant t h a t  i nd i v i d u a l  br i c k s  c o u l d  not a l ways b e  
d e f i ned . T h e  wa l l s  wer e  p l as t e r ed w i t h  one or mor e  laye r s  o f  adobe 
p l a s t e r  and wer e  then cove r ed w i t h  very t h i n  layers of gypsum 
wh i t ewash known l oc a l l y  as jaspe . Jaspe is not a Span i s h  word and 
may have been b o r r owed f r om J i c ar i l l a Apaches who f r equented the 
area in the 1 8 th and 1 9 t h c e ntur i es . 

The mos t  c ommon f ea t u r e s  i n  r o oms wer e  f i r ep l a c e s ,  wh i c h  wer e  
typ i c a l  H i s pan i c  c o r ner f i r e p l aces except that o n l y  two f i r e p l aces 
wer e  actua l ly bu i l t in r oom c o r n er s . The o t h e r  f i r ep l aces wer e  
bu i l t  i n  a r t i f i c i a l  c o r n e r s  f o r med by s h o r t  w i ng wa l l s . I n  each 
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Figure 1 .  Locat i o n  o f  t h e  
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cas e ,  the w i ng wa l ls cr eated a bar r i e r  between the f i r ep l ac e  and 
t h e  d o o r  l e ad i ng i nto the r oom, pr obably pr o t e c t i ng the f i r ep l aces 
f r om d r a f t s  and s o  i ncr eas i ng t h e i r  e f f i c i ency . 

Bes i d e s  d o o r s ,  o n l y  two o t h e r  f ea t u r e s  wer e  r ec o r d ed i n  the 
h o u s e . A d i s mant l ed banco ( bench ) was f ound in t h e  northeast 
c o r n e r  of  Room 1 and an und e f i ned f eatur e was f o u nd in Room 7 .  

The t r as h - f i l l ed p i t  was l oc a t ed about 6 . 5  m n o r t h  o f  the 
s t r uc t u r e  and was i d ent i f i ed d u r i ng s urvey as a d ense s c a t t e r  o f  
s u r f ace ar t i f ac t s . Excavat i on r evea l ed a p i t  1 . 6  m d e e p  and 5 . 4  
m i n  d i ame t e r  that had been dug i n t o  s t e r i l e ,  nat u r a l  s o i l .  

Ad obe Bu i ld i ng Mat e r i a ls at t h e  Tr uj i l l o  H o u s e  

A .  S ampl e s  a n d  Ana lyt i c a l  Methods 

F i ve adobe br i c k  sampl es and s i x  adobe p l a s t e r  samp l e s  wer e  
c o l l ec t ed f r om the T r u j i l l o  House ( F i g . 2 ) . I n  add i t i on ,  two 
samp l es wer e  c o l l e c t ed f r om the midden p i t ,  i nt e nded to p r o v i d e  
cont r o l  data f o r  the ana lys e s . One samp l e  was c o l l ec t ed f r om the 
south s i d e  o f  t h e  p i t  about . 5  m b e l ow p r e s ent gr ound s ur f ac e . The 
s ec ond samp l e  was c o l l ected f r om the b o t t om of the p i t . 

Of the 1 3  samp l e s ,  1 1  wer e  s e l ec t ed f o r  ana lys e s . T h e s e  i nc l uded 
both s amp l es f r om t h e  midden p i t ,  the f i ve br i c k  samp l e s ,  and f our 
p l a s t e r  s amp l e s . Tab l e  I l i s t s  the prove n i ences and types of t h e s e  
1 1  samp l es . 

The l i q u i d  and p l as t i c  l i m i t s  o f  each samp l e  wer e  d et ermi ned 
u s i ng methods o u t l i ned by Teut o n i c o . ( 4 )  Par t i c l e  s i z e ana l ys e s  of 
s even samp l es wer e  conducted us i ng a s i eve s t ack r ang i ng f r om 2 mm 
to . 0 7 5  mm and the s ed i mentat i on -hyd r ome t e r  method f o r  par t i c l es 
s ma l l e r  than . 0 7 5  mm . ( 5 )  F i na l ly ,  Teut o n i c o ' s  qual i ta t i ve methods 
we r e  u s ed t o  test for wat e r  s o l ub l e  s a l t s in s even samp l e s . ( 6 )  

B .  Analytical R e s u l t s  

1 .  Particle Size The perc entages o f  coar s e  and f i ne sands , s i l t ,  
and c l ay i n  the contr o l  samp l e ,  t h r e e  br i ck samp l es , and t h r e e  
p l a s t e r  samp l e s  a r e  p r e s e n t ed i n  Tab l e  I I .  F i ne s and cons t i t u t e s  
the pr i mary i n g r e d i ent i n  e a c h  samp l e ,  r ang i ng f r om 5 4  t o  7 5  
percent . Coa r s e  sand i s  the mos t  d i v e r s e  i ng r ed i e n t ,  rang i n g  f r om 
1 t o  2 4  p e r c e n t . S i l t ranges f r om 1 2  t o  2 4  percent , wh i l e c l ay i s  
p r e s ent i n  amounts rang i ng f r om 0 t o  1 2  percent . 

The cont r o l  samp l e  f r om t h e  midden p i t  cont a i ns a very l ow 
percentage o f  c o a r s e  sand, a h i gh percentage o f  f i ne sand , a 
mod e r a t e  perc entage o f  s i l t ,  and t h e  h i gh e s t  perc entage o f  c l ay .  
The mos t  s i mi lar adobe samp l e  i s  f r om the h e a r t h  f l oor i n  Room 3 ,  
wh i ch i s  a l s o  l ow i n  c o a r s e  s and and h i g h  i n  f i ne s and but i s  much 
l ower in c l ay . The o t h e r  samp l e s  cont a i n  between 3 . 3  and 6 . 7  t i mes 
as much coar s e  s and as the cont r o l  sampl e ,  wh i l e t he i r  r e l a t ive 
c l ay content s  a r e  27  to 6 0  p e r c e n t  l e s s . The br i c k  and p l a s t e r  
samp l es f r om Room 2 have t h e  h i ghest c l ay content s . S ampl e  4 f r om 
Room 4 i s  abe r r ant because no d i s p er s i ng agent was u s ed i n  
proce s s i ng t h e  samp l e .  P r obab ly f o r  that r eas o n ,  t h e  perc entage 
of coarse s and is much h i gher than i n  the other samp l e s  and no c l ay 
was r ecorded . 

I n  order to comp a r e  the Tr u j i l l o  House samp l es w i t h  mod e r n  
cons t r uc t i on s t andar d s ,  the per centages o f  coar s e  and f i ne s ands 
and of s i l t s  and c l ays we r e  comb i ned . Th i s  data is pr e s en t ed i n  
F i g u r e  3 ,  wh ich shows the perc entages o f  sands and s i l t/ c l ays i n  
compar i s o n  t o  s tandards s e t  b y  t h e  U . S . D . C .  Nat i o n a l  Bur eau o f  
S tandards ( 7 )  and S e c t i on 2 4 0 5  o f  t h e  Un i f orm Bu i ld i n g  Cod e . ( 8 )  
The midden contr o l  samp l e  ( s amp l e  1 )  f a l l s  near the b o t t om o f  the 
NBS s tandards f o r  s and out near the midd l e  of  the range f o r  s i l t / 
c l ay .  The adobe samp l e s  f a l l  b e l o w  t h e  mi dpo i nt o f  t h e  s t andards 
for both s and and s i l t/ c l ay, i nd i ca t i ng that the adobe samp l e s  have 
s l i ght l y  l e s s  c l ay than r ec ommend ed , i mp o r t ant s i nc e  c l ay acts as 
a b i nd e r  in adobe . 

A d i f f er ent p i ct u r e  i s  obt a i ned , however , when the samp l es a r e  
c ompa r ed t o  the Un i f orm Bu i ld i ng Code s tandards . The percentages 
of s and ar e at o r  above the midpo i nt o f  t h e  r ange f or sand wh i l e 
the percentages o f  s i l t/ c l ay a r e  we l l  b e l o w  t h e  midpo i nt o f  the 
r ange f o r  s i l t / c l a y .  Th i s  sugge s t s  that the adobe samp l es cont a i n  
mo r e  sand and l e s s  c l ay than r ecomme nded s tandards ; s i nc e  c l a y  i s  
t h e  b i nd e r ,  t h e s e  sandy adobes wou l d  b e  r e l at i v e l y  wea k , p e r haps 
wea k e r  than the natur a l  s o i l .  

2 .  P l ast i c i ty L i qu i d  and p l as t i c  l i m i t s  wer e  c a l c u l at ed f or a l l  
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1 1  samp l e s . The r es u l t s  of t h e s e  t e s t s  are p r e s ented in Tab l e  I I .  
F i g u r e  4 g r a ph i c a l ly shows the r e l at i ons h i p  betwe e n  the l i qu id and 
p l a s t i c  l i m i t s  f o r  each samp l e .  I t  is i mportant to n o t e  that o n l y  
the contr o l  samp l e  a n d  two p l a s t e r  samp l e s  have pos i t ive i nd i ce s . 
Al l o t h e r  i nd i ces a r e  negat i ve . However ,  even t h e  pos i t i ve i nd i c e s  
a r e  q u i t e  l ow, i nd i cat i ng t h a t  the s o l I ,  b o t h  natur a l  and as adobe , 
i s  e s s ent i a l ly n o n - p l as t i c . Th i s  i s  probably d u e  t o  the r e l a t i v e l y  
h i gh sand and low c l ay conten ts . 

I nt e r es t i ng l y ,  the midden f l o o r  samp l e  r es emb l es the adobe 
samp l e s  much mo r e  c l o s e l y  than it does the cont r o l  samp l e .  I n  
f act , t h e  p l as t i c i ty o f  the m i dd e n  f l o o r  samp l e  i s  a l most i d e nt i 
c a l  t o  that o f  the wa l l  d i v i d ing Room 4 i n to Ro oms 4 and 8 and i s  
q u i t e  s i mi l ar t o  t h e  samp l es f r om Room 2 and f r om t h e  h e a r t h  i n  
Room 3 .  Al though t h i s  samp l e  was c o l l e c t ed a s  a cont r o l ,  i t  
appears that i t  may actua l ly be adobe r at h e r  than nat u r a l  s o i l . 
Th i s  c o u l d  not be c on f i r med by par t i c l e  s i z e ana lys i s  as t i me d i d 
not p e r mi t add i t i onal t e s t s . 

As noted abov e ,  the p l a s t e r  samp l es f r om Ro oms 5 and 7 a r e  the 
only adobe samp l es w i t h  pos i t i ve i nd i ces . The br i c k  samp l e s  f r om 
these two r ooms , a l though pos s es s i ng negat i ve i nd i ces , have the 
h i gh e s t  i nd i ces of t h e  r ema i n i ng adobe s amp l e s . These facts s e t  
Rooms 5 a n d  7 i n  a c l us t e r  o f  i nd i ces we l l  b e l o w  t h a t  o f  the 
cont r o l  samp l e  but above t h e  other adobe . 

The samp l e  f r om Room 4 i s  s i ng u l a r  in i t s very low i nd e x . Th i s  
samp l e  a l s o  had the mos t  d i ver s e  l i q u i d  l i m i t  t e s t  f i gur e s ,  per haps 
po i nt i ng t o  ma t e r i a l  d i ver s i ty w i t h i n  the samp l e . 

3 .  S o l u b l e  S a l t s  The r es u l t s  o f  the qua l i ta t ive t e s t s  f o r  s o l ub l e  
s a l t s  i n  s even samp l e s a r e  p r e s e nted i n  Tab l e  I I .  Tests f o r  the 
p r e s ence o f  n i t r at e s  c o u l d  not be car r i ed out because the lab 
l a c k ed the necessary ac i d s  and r eagents . However ,  i t  may be 
p r e s umed that n i t r a t es a r e  present whe r e  n i t r i t es a r e  f o und . The 
data show that the midden f l o o r  samp l e  cont a i ned the w i d e s t  range 
of s a l t s ,  i nc l ud i ng s u l fat e s ,  c h l o r i d e s , n i t r i t es , and carbonates . 
Only carbonat e s  wer e  s tr ongly p r e s ent and the i d e nt i f icat i o n o f  
s u l f at e s  was t entat i ve . 

Two samp l es a r e  s i mi lar to t h e  midden f l o o r  samp l e  i n  the 
p r e s ence o f  s a l t s - samp l e  2 f r om Room 2 and samp l e  3 f r om the hearth 
in Room 3 .  Samp l e  6 f r om Room 7 may a l s o  be s i mi l ar but the 
p r e s ence of c h l o r i d e s  cou ld not be pos i t i v e l y  i d e n t i f i ed .  The 
r ema i n i ng samp l es are s i mi l ar t o  each other but not t o  the midden 
f l o o r  samp l e . 

I n  gener a l ,  s o l ub l e  s a l t s  ar e not s t r o n g l y  p r e s e n t  i n  any o f  the 
s amp l e s . T h i s  may have to do w i t h  the h i gh sand content o f  the 
s o i l  and ad obe , wh ich wo uld f ac i l i tate d r a i n i ng wa t e r  away f r om 
the adobe wa l l s  r ather than h o ld i ng i t  i n  the wa l l s  whe r e  s a l t s  
wo u l d  be d e pos i ted . 

4 .  P l a s t e r  Laye r s  I n  add i t i on t o  the mat e r i al s  analys e s ,  the s i x  
p l a s t e r  samp l es wer e  v i s u a l l y  i nspected t o  d et e r m i n e  the number and 
th i c k n e s s  of p l a s t e r  laye r s  and number of l ayer s  of jaspe . Two 
samp l es show o n l y  one p l a s t e r  l ayer ; both a r e  f r om Room 2 .  The 
average t h i ck n e s s  of s i x  f r agments f r om the we s t  wa l l  is 1 3 . 6  mm, 
wh i l e the f r agment f r om the n o r t h  wa l l  i s  2 2  to 2 4  mm t h i ck . One 
jaspe f r agment f r om the wes t  wa l l  has s i x  l aye r s ,  each l e s s  than 
. 2 5 mm t h i ck . 

P l a s t e r  samp l es f r om Rooms 3 and 5 show two p l a s t e r  e p i sodes . 
Thr e e  f r agments f r om the two r ooms may po i nt to a t h i rd p l a s t e r  
l ayer . T h e  e v id ence f r om R o o m  3 cons i s t s  o f  pos s i b l e  r emnan t s  o f  
jaspe o n  the i nt e r i o r s u r face o f  one f r agme n t ,  wh i l e  the e v i dence 
f r om Room 5 cons i s ts o f  a t h i n  d i scont i nuous l ayer on t h e  e x t e r i or 
o f  one f r agment f r om the s outh wa l l  and a t h i rd e x t e r i o r l ayer on 
a f r agment f r om t h e  wes t  wa l l .  However , s i x  o t h e r  f r agments f r om 
the south and wes t  wa l l s o f  Room 5 have o n l y  two l ayer s . Cons e 
quent l y ,  e v i dence o f  a t h i rd p l a s t e r  l ayer i s  n o t  s ubstant i a l  and 
may p o i n t to i ncomp l e t e  r e p l a s t e r i ngs of t h o s e  r o oms . 

Two f r agments f r om Room 7 p o i nt t o  thr e e  p l a s t e r i ngs . One 
fr agment has t h r e e  d i s t i nct l ayer s ,  wh i l e the s econd has two l aye r s  
w i t h  a r emnant o f  jaspe on the i nt e r i or s u r face . 

Int e rpr e t i ng the Res u l ts 

The pot ent i a l  o f  adobe mat e r i a l s  analyses i n  archae o l o g i c a l  
r es earch r e s t s  i n  t h e  a b i l i ty o f  the analyses to p r o v i d e  data 
r e l evant t o  r es earch i s su e s . The adobe mat e r i a l  f r om the 
Truj 1 1 1 0  H o u s e  has yi e ld ed i n f o r mat i on u s e f u l  i n  add r e s s i ng at 
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Figure 3 . Compar i s on o f  T r u 
j i l l o  H o u s e  a d o b e  w i t h  mod 
e r n  cons t r uct i on s tandar d s . 
S o l i d l i nes : Un i t ed S t a t e s  
Depar tment o f  Comme r c e  Na
t i onal Bureau of  S t andards ; 
Dashed l i nes : Un i f o r m  B u i l d 
i n g  Cod e . 
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l east thr e e  ma j o r  r es ea r ch q u e s t i ons . 

A .  Where Was The Adobe Made? 

Compar i s on o f  the samp l e s  taken f r om the s i d e  and bottom o f  the 
m i dd e n  pit r ev e a l s  that the samp l es a r e  very d i f f e r ent . Th i s  i s  
mos t  obv i ous i n  F i gu r e  4 ,  whe r e  i t  can b e  s e e n  that the m i dden 
f l oor samp l e  is  q u i t e  s i mi l ar t o  ad"obe samp l es f r om Room 2,  t h e  
h e a r t h  i n  R o o m  3 ,  a n d  the wa l l  s epar at i ng Rooms 4 and 8 .  I n  
c o n t r as t ,  t h e  samp l e  t a k e n  f r om the s i d e  o f  the m i dd e n  p i t  i s  a 
d i f f e r e n t  c o l or than the adobe samp l e s ,  has d i f f e r e n t  perc entages 
o f  par t i c l e  s i ze s ,  and a h i gher p l as t i c i ty i nd e x  than the adobe 
samp l es and the m i dden f l oor samp l e .  Th i s  s t r o n g l y  s uggests that 
the cont r o l  samp l e  f r om the s i d e  of the midden is natu r a l  s o i l .  
The midden f l oor s amp l e ,  on the o t h e r  hand , was actua l l y  adobe that 
was l e f t  in the bottom of t h e  m i x i ng p i t . 

Th i s  i s  s i gn i f i cant f o r  s ev e r a l  r eas ons . F i r s t ,  i t  i d e n t i f i e s  
t h e  midden p i t  as a n  adobe b o r r ow/mi x i ng p i t . I t  s e ems c l ear that 
th i s  f eatur e was i n i t i a l l y e xcavated i n  o r d e r  to p r o v id e  adobe f o r  
t h e  h o u s e  a n d  that , subs equent l y ,  t h e  l a r g e  h o l e  w a s  f i l l ed w i t h  
dome s t i c  t r as h .  Wh i l e  we s us pe c t ed t h i s  t o  b e  the cas e ,  we wo uld 
not d emon s t r a t e  it  unt i l  comp l et i on o f  the adobe analys e s . 

S e c o nd ,  i d ent i f i c a t i o n o f  the b o r r o w  p i t  d emons t r a t e s  that the 
Tr u j i l l o H o u s e  adobe was made o f  loca l ,  on-s i t e  mat e r i a l s . Wh i l e  
t h i s  may s e e m  a conc l us i on t o o  obv i ous t o  ment i on ,  i t s s i g 
n i f i cance l i e s  i n  c o n t r a s t  t o  a n  o r a l  t r ad i t i on f r om t h e  Taos a r e a  
t o  t h e  n o r t h e as t . Or a l  t r ad i t i on i n  the Taos a r e a  ma i n t a i ns that , 
wh i l e adobe was some t i me s  made on-s i t e  h i s t o r i c a l ly, t h e r e  a r e  
d epos i t s  o f  c l a y  and sand t h a t  we r e  and s t i l l  a r e  cons i d e r ed to be 
opt i ma l  f or adobe . Fur the r , t r ad i t i on ma i n t a i ns that th i s  " good 
d i r t "  was s o ught by ad obe-ma k e r s  thr oughout the Taos Va l l ey . Th i s  
i nd i c a t e s  a pr e f e r ence f or non- l oc a l  mat e r i a l s  and f o r  r e g i onal u s e  
o f  mat e r i a l s  f r om spec i f i c l ocat i o ns . Th i s  k i nd o f  r eg i o nal u s e  
i s  s t i l l  be i ng pr act i c ed by t h o s e  i n  t h e  T a o s  a r e a  w h o  p l a s t e r  
the i r  i nt e r i o r  wa l l s  w i t h  ti erra blanca, a mi cace ous k ao l i n  s o i l  
f ound i n  one depos i t  i n  t h e  f oo t h i l l s s ou t h  o f  Taos . However ,  the 
" go od d i r t "  adobe d e pos i t s  a r e  l ocated on the Taos P u e b l o  I nd i an 
R e s ervat i on and on pr i va t e  l ands and ar e no l onger ava i l ab l e  f o r  
g e n e r a l  u s e . Begrudg i n g l y ,  Taosenos a r e  now f o r ced to mak e  adobe 
on-s i t e . How accur a t e  the t r ad i t i on is in showing r eg i onal u s e  o f  
s p ec i f i c r es o u r ce s ,  or  wh e ther i t  actua l l y r e f l ects popu l a r  
d i s sat i s fact i on o v e r  the spl i tt i ng up o f  the l and a n d  the r e l uc 
t a n c e  o f  l andown e r s  to a l l ow access to t he i r  l and s ,  i s  n o t  
p r e s e n t l y  c l ear . However ,  i t  c o u l d  be t es t ed w i t h  analyses o f  
adobe f r om h i s t o r i c a l  and a rchae o l og i c a l  context s . Th i s  po i n ts out 
t h e  need f or a r eg i o n a l  approach t o  c o l l ect i on and ana l ys i s  i n  
o r d e r  t o  a s s e s s  the u s e  o f  l ocal v e r s u s  r eg i onal mat e r i a l s o u r c es . 

B .  How Was The Adobe Mad e ?  

Compar i s o n  o f  t h e  adobe samp l es w i t h  t h e  cont r o l  samp l e  s hows that 
the pr i ma r y  d i f f e r ence between adobe and n a t u r a l  s o i l  at the 
Tr u j i l l o House is  that t h e  adobe has a h i gher c o a r s e  s and content 
and a l ower c l ay content . Th i s  s uggests that the adobe was mad e 
by add i ng coar s e  s and t o  the nat u r a l  s o i l .  Wh i l e t h i s  may have 
s e rved to add l a r g e r  par t i c l e s  to the m i x  that might act l i k e  
t empe r  i n  p o t t e r y ,  i ts e f f e c t  was t o  d ec r e a s e  t h e  r e l at i v e  content 
o f  c l ay, the actual b i nd e r  in the adobe . The r e s u l t  of t h i s  
pr ocedur e  was t o  p r od uc e  adobe t h a t  was actua l l y  wea k e r  t h a n  the 
natu r a l  s o i l  d u e  to its h i gh s and and l o w  c l ay content . Th i s  
weak ness i s  r e f l ec t ed i n  the p l as t i c i t y  o f  the samp l es . Whe r eas 
the nat u r a l  s o i l  has a pos i t i v e ,  a l be i t  l ow, p l as t i c i ty i nd e x ,  the 
p l as t i c i ty o f  t h e  adobe is cons i s t e n t l y  l ower and even negat i v e ,  
d emons t r a t i ng t h a t  the adobe f r om t h e  s i te i s  e s s e n t i a l l y non
p l a s t i c . I nt e r es t i ng l y ,  in each c a s e  whe r e  plaster and b r i c k  
samp l e s  f r om the s ame r o om wer e  a n a l yzed , the p l a s t e r  h a s  a h i gher 
i nd e x  than the br i c k , 15ugges t i ng that t h e  plaster was s l i gh t l y  
s t r onger than the br i ck s . 

The except i on t o  th i s  procedu r e  i s  the samp l e  f r om t h e  h e a r t h  i n  
Room 3 .  I n  th i s  cas e ,  the amo unt o f  c o a r s e  s and i s  actua l l y l ower 
than the nat u r a l  s o i l ,  wh i l e the f i ne sand is h i gher . Th i s  
s ug g e s t s  that t h e  adobe used t o  p l a s t e r  t h e  hear t h  was made by 
add i ng f i ne s and to the mi x .  Wh i l e  th i s  proba b l y  contr i bu t ed to 
a f i ne r ,  smo o t h e r  p l a s t e r , i t  s t i l l  d ecr eased the c l ay content . 

The r e  i s  e v i d ence o f  h i s t o r i c a l  cont i nu i ty i n  the mak i ng o f  weak 
adobe in t h e  Ab i qu i u  a r e a . In 1 9 8 2 ,  t h e  New Mex i co Bur eau o f  M i ne s  
a n d  M i n e r a l  R e s o u r c e s  pub l i s hed the r e s u l t s  o f  a s ur vey o f  mod e r n  
commer c i a l  adobe-ma k e r s  i n  N e w  Mex i c o . ( 9 )  T h e  s u r vey i nc l ud ed 
s ev e r a l  t e s t s  o f  samp l e  br i c k s . Among the t r ad i t  i onal ad o b e 
mak e r s  who s e  br i c k s  wer e  t es t ed f o r  compr e s s i ve s t r ength, mod u l u s  
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o f  r uptur e ,  wat e r  absorpt i on ,  and mo i s tu r e  content was one adobe 
yard in Ab i qu i u .  Wh i l e the Un i f o r m  Bu i ld i ng Code ( N ew Mex i co s t a t e  
Bu i ld i ng Cod e ) r eq u i r es an aver a g e  c ompr e s s ive s t r ength o f  3 0 0  ps i ,  
t h e  adobes f r om Ab i q u i u  ave r aged o n l y  1 9 6  ps i .  O f  t h e  4 7  other 
ad obe-ma k e r s  who s e  br i ck s  we r e  t e s t e d ,  o n l y  three p r o v i d ed samp l e s  
w i t h  l ower compr es s i ve s t r e n g t h ,  and t w o  o f  t h o s e  wer e  damaged i n  
r ou t e  t o  t h e  t e s t i ng f ac i l i t y .  C l e a r l y ,  the s andy s o i l s  o f  t h e  
Ab i qu i u  ar ea a r e  not conduc i ve t o  mak i ng s tr ong adobe . 

C .  What Was The Cons t r uct i o n  S equence O f  The Truj i l l o H o u s e ?  

Wa l l  th i c k n e s s e s  i nd i cate that r a t he r  t h a n  be i ng bu i l t as a s i n g l e  
bu i ld i n g ,  t h e  Tr u j i l l o  H o u s e  g r e w  as a s e r i e s  o f  f o u r  u n i t s  over 
a per i od of t i me .  Ro oms 1 and 2 cons t i t u t ed one un i t . The wa l l  
s epar a t i ng t h e s e  two r o oms d i r ect ly abutted t h e  e x t e r  i or wa l l s  
r a t h e r  than be i ng bu i l t  i n t o  the e x t e r i or wa l l s  and was mad e o f  
br i ck s  l a i d  e nd t o  end s o  that i t  was narr ower than t h e  e xt e r i or 
wa l l s ,  wh i c h  wer e  made o f  br i ck s  l a i d s i d e  to s i d e . 

Rooms 3 ,  4 ,  and 8 a l s o  cons t i tuted a s i n g l e  u n i t . The wa l l s 
s u r r ound i ng t h e s e  r o oms we r e  t h i c k e x t e r i or wa l l s ,  i nc l ud i ng the 
wa l l  s e par at i ng Room 3 f r om Room 2 .  As with Rooms 1 and 2,  i t  
appears that a l a r g e  r o om was bu i l t that was s ubsequently d i vi ded 
by nar r ow i nt e r i or wa l l s . Th i s  is s uppor ted by wa l l  abutment 
pat t e r n s ,  i n  wh i c h  p l a s t e r  on the south wa l l  o f  Ro oms 3, 4,  and 8 
cont i nued beh i nd the wa l l  abutments s e pa r at i ng the r o oms . I n  
add i t i o n ,  the ad obe f l oor cont i nued und e r  the two d i v i d i ng wa l l s . 

Room 5 was add ed to the wes t  end o f  t h e  Room 3 - 4 - 8  b l ock as a 
s i ng l e  un i t .  The wa l l  between Ro oms 8 and 5 was a t h i c k e x t e r i o r  
wa l l  and t h e r e  was n o  cont i nu i ty o f  p l a s t e r  or f l oor betwe en t h e  
r o oms a s  t h e r e  was i n  Rooms 3 ,  4 ,  and 8 .  Ro oms 6 and 7 we r e  bu i l t 
as a s i n g l e  un i t  and subs equent ly subd i v i d ed . P l as t e r  on the west 
wa l l s of Rooms 6 and 7 was cont i nuous beh i nd the wa l l  abutment 
s epar at i ng them . The d i v i d i ng wa l l  was n a r r ower than the s u r r o und 
i ng e x t e r i or wa l l s . ( l O ) 

Though i t  i s  p l a i n  that the s t r uc t u r e  g r e w  by accr e t i o n ,  t h e  
actua l s equence was d i f f i c u l t  t o  d i s c e r n  as nat u r a l  d e t e r i o rat i on 
o f  the adobe had obsc u r ed s ome wa l l  abutments . For i ns tanc e ,  i t  
was c l ear that a t h i ck e x t e r i or wa l l  s eparated the Room 1 - 2  un i t  
f r om t h e  Room 3 - 4 - 8  un i t ,  but wh ether i t  was or i g i na l ly t h e  east 
wa l l  o f  Room 3 or  the west wa l l  o f  Room 2 was not c l ear . 

Compar i s on o f  the samp l es demons t r at e s  that t h e r e  we r e  d i s t i nct 
s i m i l a r i t i es between the adobe f r om the m i dd e n  f l o o r  and that f r om 
t h r e e  l oca t i ons i n  the house - Room 2 ,  the hearth f l oor i n  Room 3 ,  
and the wa l l  d i v i d i ng Rooms 4 and 8 .  Th i s  i s  s e e n  c l ear ly i n  t h e  
p l as t i c i t y a n d  s a l t s  t e s t s . Ana lyses o f  the ar t i f acts f r om the s i x  
c u l t u r a l  s t r a t a  i n  the p i t  s t r on g l y  s uggest that the ar t i f acts wer e  
depos i t ed i n  the p i t  a f t e r  about 1 8 8 0  o r  per haps s l i gh t l y  e a r 
l i e r . ll Th i s  s uggests t h a t  mod i f i cat i ons made t o  t h e  h o u s e  u s i ng 
adobe f r om the p i t  a l s o  date f r om the l a s t  years o f  the occ upa 
t i on .  Ther e f o r e ,  i t  may be c o n j e c t u r ed that Room 2 was bu i l t l a t e  
i n  the s i t e ' s  h i s t o r y ,  probably d u r i ng the l a s t  bu i ld i n g  e p i sode . 
Th i s  i s  s uppor t ed by the p l as t i c i ty data and the s o l ub l e  s a l ts , as 
s e e n  in F i gur e 4 and Tab l e  I I .  I t  i s  a l s o  s uppo r t ed by the p l a s t e r  
l ayer data,  f r om wh i c h  i t  i s  s e e n  that Room 2 i s  the only r o om w i t h  
a s i ng l e  p l a s t e r  laye r ,  i n  c o n t r a s t  t o  Rooms 3 ,  5 ,  and 7 ,  whe r e  two 
and t h r e e  p l a s t e r i ngs ar e e v i d ent . S i nce it is c l ear that Rooms 
1 and 2 wer e  bu i l t  as a un i t ,  t h i s  un i t  was pr obably the l a s t  
por t i o n  o f  the h o u s e  t o  be b u i l t . 

As noted abov e ,  p l a s t e r  on the s o u t h e r n  wa l l  o f  Room 4 d emon 
s t r at e s  t h a t  t h i s  wa l l  and , ther e f o r e ,  R o o m  8 wer e  bu i l t a f t e r  
c o n s t r uct i o n  o f  Room 4 .  I t  may be c o n j e c t u r ed that t h e  wa l l  
d i v i d i n g  Room 4 i n t o  Rooms 4 and 8 dates f r om the s ame l a t e  
bu i l d i ng e p i s od e  t h a t  produced Rooms 1 and 2 .  T h i s  i s  s uppo r t ed 
by t h e  p l as t i c i ty data , .  wh i c h  po i nt s  t o  a s tr ong s i mi l ar i ty between 
the midden adobe and the Room 4/8 wa l l . 

F i na l l y,  a l t hough Room 3 had e v i dence o f  two or t h r e e  p l a s t e r 
i ng e p i s od e s  a n d  s o  was per haps one o f  t h e  o ld e r  r ooms , t h e  
f i r e p l ace was appar e n t l y  r emod e l ed or at l ea s t  r ep l a s t e r ed at t h e  
same t i me that Rooms 1 and 2 wer e  bu i l t  and R o o m  8 was d i v i ded f r om 
Room 4 .  

Us i n g  wa l l  t h i ck ne s s  data"  and the r es u l t s  o f  mat e r i a l s  analys e s ,  
the f o l l ow i ng s c e nar i o  may b e  p o s t u l a t ed f o r  t h e  cons t r uc t i on 
s equence o f  t h e  hous e . Rooms 3 and 4 wer e  bu i l t  as the or i g i na l  
hous e ,  p e r haps as e a r l y  a s  t h e  l a t e  1 8 3 0 s . S ome t i me l a t e r , Room 
5 was added t o  the wes t  end o f  the hous e . I t  r ema i ned a s e parate 
un i t  as no d o o r  was made to connect it t o  Room 4 .  Ro oms 6 and 7 
wer e  bu i l t as a un i t  on the wes t  s i d e  o f  Room 5 and connected t o  
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the l a t t e r  by a d o o r , r e s u l t i ng in a l ar g e r , t h r e e - r oom un i t  on the 
wes t  end o f  the h o us e . The p r e s e nce o f  two and t h r e e  p l a s t e r  
l aye r s  i n  Ro oms 3 ,  5 ,  and 7 s ug g e s t s  t h a t  the h o u s e  g r e w  to that 
s i z e  f a i r ly r a p i d ly and r ema i ned i n  that form unt i l  about 1 8 8 0 ,  
be i ng s u b j ected t o  the s ame ma i n t enance ac t i v i t i es . S omet i me 
a r o u nd 1 8 8 0 ,  Rooms 1 and 2 wer e  bu i l t  as a un i t  on the east end o f  
t h e  hous e ,  Room 4 was s u bd i v i d ed i nt o  Rooms 4 and 8 ,  and the 
f i r ep l ac e  in Room 3 was r emod e l ed or r ep l as t e r ed . F i na l ly ,  between 
that t i me and the t i me of abandonment about 1 8 9 4 ,  Room I was 
e x t e ns i v e l y  r emod e l ed . 

Conc l us i ons 

Ana l ys e s  of adobe bu i ld i ng mat e r i a l s  have y i e l d ed s i gn i f i cant 
i n f o r mat i on o n  cons t r uct i on p r o c e s s e s  at the Tr u j i l l o  Hous e . The 
analyses d emons t r a t e  that the adobe u s ed at the s i t e  was mad e on
s i t e . Further , a l a r g e  t r as h - f i l l ed p i t  was pos i t i v e l y  i d ent i f i ed 
as a borr ow/mi x i ng p i t ,  c l ar i f y i ng p r o c e s s e s  o f  s i t e  f o r mat i on .  

The nat u r a l  s o i l  at the Tr u j i l l o H o u s e  i s  not we l l  s u i t ed f o r  
adobe , a l t h ough i t  f a l l s  w i t h i n  mod e r n  construct i on s t andar d s . I f  
t h e  Tr u j i l l os had used the natu r a l  s o i l  a l on e ,  the adobes m i ght 
have been s t r onger . However , by add i ng add i t i onal sand , the 
r e l a t ive c l ay content o f  the s o i l  was d ec r e as ed , mak i ng it  we a k e r  
a n d  n o n - p l a s t i c . 

F i na l l y ,  t h e  analyses have b e en cr i t i c a l  i n  d et ermi n i ng t h e  
c o n s t r uc t i o n s equence o f  the h o u s e  b y  prov i d i ng d a t a  wh i ch ,  wh en 
l i nk e d  w i t h  ar t i factual s t ud i e s ,  a l l ow us to ass i gn d a t e s  to 
cons t r uc t i on e p i s od e s  and to por t i ons o f  the s t r uc t ur e .  As a 
consequenc e ,  the gr owt h o f  the h o u s e  f r om i t s  or i g i na l  two r o oms 
to i t s  f i na l  e i ght is b e t t e r  und e r s t o od . 

These data a r e  i mportant i n  thems e l ve s  w i t h  s p ec i f i c r e f e r ence 
t o  the Tr u j i l l o Hous e . Howeve r ,  they r a i s e  ques t i ons about 
mat e r i a l  use and s i t e  f o r mat i on p r o c e s s e s  that r equ i r e  a r e g i onal 
p e r s pec t i ve . Wha t  are the q u a r r y  s o ur c e s  f o r  jaspe? I f  the use 
of jaspe r ep r e s ents r e g i onal u s e  o f  a spec i f i c mat e r i a l ,  why does 
the adobe r e f l e c t  use of o n - s i t e  ma te r i a l s ?  Ar e ther e no r e g i on
a l  s o u r c e s  f o r  b e t t e r  adobe s o i l ?  How d o e s  the s i z e  o f  a dwe l l 
i ng r e f l ect t h e  l ength o f  occupat i o n ?  What i s  t h e  r e l a t i o nsh i p  
be tween dwe l l i ngs and other f ea t u r e s  o n  a s i t e ?  A body o f  r eg i onal 
data wi l l  show the ut i l i ty o f  adobe mat e r i a l s  ana l ys es i n  add r e s s 
i n g  r eg i onal archae o l o g i c a l  i s s u e s . 

The T r u j i l l o House data have i mpor tant i mp l icat i o ns f o r  cons e r 
vat i on i s t s  as we l l .  Mat e r i a l  compat i b i l i t y  betwe e n  or i g i na l  adobe 
and that u s ed for s t ab i l i zat i on ,  r econs t r uc t i on ,  or ma i n t enance 
could best be e n s u r ed by us i ng mat e r i a l s  f r om the same for s i mi l ar 
s ources . T h i s  s ho u l d  r ed uce the r i s k s  o f  d i f f e r e n t i a l  weat h e r i ng ,  
mo i s t u r e  absorpt i o n ,  and we i g h t - bear i n g  s t r engt h . However , 
i d e n t i  f icat i o n  o f  mat e r  i a l  s o ur c e s  and cons t r uc t i on techn i ques 
r a i s e s  an i ss u e  o f  the d e s i r a b l i l t y  o f  i d e n t i c a l  mat e r i a l s  in 
conse rvat i o n . We r e  the Tr u j i l l o  House to be s t ab i l i zed or 
r e cons t r uc t ed , the conservat i o n i s t  wou l d  n e ed t o  cons i d e r  whether 
such weak adobe would be s u i tab l e  i n  the f ace o f  l on g - t e r m  
ma i nt enance a n d  s t ab i l i t y  needs . F i nal l y ,  t h e r e  i s  the cons i d e r a 
t i on o f  the u s e  o f  ma te r i a l s  f r om d i f f e r ent s o u r c e s  i n  the s ame 
s t r uctur e ,  wh i c h  wou l d  r e qu i r e  both i d e nt i f i c at i on o f  the var i ous 
s o u r c e s  and ass essment o f  mat e r i a l  compat i b i l i t y  and s u i t ab i l i t y 
f o r  u s e  thr oughout the s t r uctur e .  These conc e r ns p o i n t  t o  the need 
for r eg i onal data c o l l e c t i on and s ugge s t  an impor tant partner s h i p  
be tween a r c h a e o l ogy, ethno h i st ory,  and conservat i on .  
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Tab l e  I .  Samp l e  number s ,  pr oven i ences , and types , 
Tr u j i l l o  H o u s e  adobe . 

Saml2le Pr oven i e nce � 
1 M i dden p i t ,  s o u t h  wa l l ,  Natural 

. 5  m b e l ow pr esent con t r o l  
gr ound s ur face 

2 Room 2 ,  wes t  wa l l  Br i ck 
3 Room 3 ,  h e a r t h  f l oor P l a s t e r  
4 Room 4 ,  n o r t h  wa l l  Br i ck 
5 Room 5 ,  wes t  wa l l  Br i ck 
6 Room 7 ,  e a s t  wa l l  Br i ck 
7 Rooms 4 and 8 ,  wa l l  Br i c k 
8 Room 7 ,  east wa l l  P l as t e r  
9 Room 2 ,  nor t h  wa l l  P l a s t e r  
1 0  Room 5 ,  s ou t h  wa l l  P l as t e r  
1 1  Midden p i t  f l oor Ad obe 

s o i l  

Tab l e  I I .  Summar y  o f  analyt i ca l  r es u l t s ,  Tr u j i l l o House adobe . 

Saml2l e  Par t icle S i z e  i n  t' 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  

cs � §.. £l. 
3 . 5 6 6 7 . 7 2 1 6 . 59 1 2 . 1 2 

1 6 . 5 5 6 2 . 2 8 1 4 . 0 2 7 . 1 4 
1 .  6 0  7 4 . 5 6 1 8 . 7 7 5 . 0 7 

2 4 . 0 1 6 8 . 9 0 7 . 1 0 0 

1 3 . 3 0 6 0 . 6 6 1 9 . 6 3 6 . 5 4 

1 7 . 7 4 5 4 . 9 0 2 4 . 0 6 3 . 2 8 
1 1 . 9 7  6 7 . 8 2 1 2 . 9 4  7 . 2 7 

P l as t i c i t  
11. I2..l. 

i n  t" S a l ts·  

2 6 . 3 0 2 1 . 4 9  
1 6 . 2 5 2 1 . 4 9 
1 6 . 3 0 1 8 . 5 0 
1 4 . 7 0 2 1 . 2 0  
2 0 . 2 3 2 0 . 6 4 
1 9 . 7 0 2 0 . 6 3 
1 6 . 6 0 1 9 . 9 6 
2 2 . 5 0 1 9 . 9 4  
1 8 . 0 0 2 1 . 0 0  
2 1 . 6 0  2 0 . 1 3 
1 6 . 7 5 1 9 . 7 8 

I2.i. §.. ill n. 
4 . 8 1 

- 5 . 2 4  - t / - t 
- 2 . 2 0 - t / - t / -
-6 . 5 0 - t / -

- . 4 1 - t/-
- . 9 3 t ? t/ -

- 3 . 3 6 - t / -
2 . 5 6 

- 3 . 0  
1 .  4 7  

- 3 . 0 3  t / - t t 

t t  
t 
t 
t 
t 
t 

t t  

'Par t i c l e  S i z e  - cs : c o a r s e  s and ; f s : f i ne sand; s : s i 1 t ;  c l : c l ay .  
"P l as t i c i ty - l l : l i q u i d  l i mi t ;  p l : p l a s t i c  l i mi t ;  p i : p l as t i c i ty 

i nd e x . 
'S o l ub l e  S a l t s  - s : s u l f at es ; c h : ch l or i d e s ; n : n i t r i t es ; c : ca r 

bonates ; t t : s tr ongly p r e s e n t ;  t : p r e s ent ; t / - : i nd i cat i ons 
i nconclus i v e ,  per haps pr e s e n t ;  - : not p r e s e n t ;  ? : un known . 
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Abstract 

The archaeological site of 
paquime , Casas Grandes , is 
located in the grasslands 
o f  northern Mexico . 
Paquime i s  a preh i spanic 
r ammed earth city that 
reached its heyday i.n the 
f ourteenth cen'tury . 
Discussion centers on the 
factors contributing to the 
deterioration o f  adobe at 
Paquime and the steps that 
have been taken to preserve 
the building known as Unit 
6 .  The conclusion presents 
comments on the steps that 
need to be taken to insure 
the s ite ' s  conservation and 
protection . 
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Introduction 

Five hundred to a 1000 years ago the site of Paquime near Casas 
Grand e s , Ch ihuahu a , Mexico , dominated northwestern Chihuahua 
( Ph i l l ips 1 9 8 9 ) . The early pit houses were replaced by wattle 
and daub compounds which in turn were replaced by rectangular , 
s in g l e  story , rammed earth compounds . These compounds were 
transformed into the apartment blocks which dominate today ' s  
vista . 

Apart from the construct ion techn iques , the d i agnostic 
architectural complex includes a freshwater-cum-drainage system 
colonnades , sleeping nooks , stylized hearths , turkey and macaw 
pens and "T" shaped doorways . The walls are made in standard 
widths roughly equivalent to 2 5 ,  4 0 ,  80 and 1 2 0  cm . Non
habitational areas include rubble core/ stone veneer ceremonial 
structures such as platform mounds and " I "  shaped ba ll courts ( Di 
Peso 1974 ; Di Peso , Rinaldo and Fenner 1974 ) . 

Paquime , l ies in the Chihuahuan grasslands of the Basin and 
Range Province of western North America at 3 0 °  2 5 '  N :  107 ° 52 ' W ,  
a t  1 4 8 5  m above sea leve l .  I t  is about 2 0  km east of the Sierra 
Madre Occidental .  Paquime sits on the first terrace of the 
western bank of the Casas Grandes river . 

The c limate is arid ( 3 00  mm) and extreme ( Cetenal 197 7 ;  
Cordoba et al . ,  1969 ; Schmidt 1975 , 198 3 ) . Most rain falls in 
t orrent i a l  s ummer storms . The extreme s ummer temperatures 
surpass 4 0 °  C while the extreme winter temperatures dip below 
17 ° C .  Spring winds , westerl ies and souwesterl ies , reach peak 
veloc4. ties > 17 m/ sec . winter northers reach velocities > 13  
m/ sec . Soils are shallow ,  immature and calcareous . 

Between 1958 and 1 9 6 1  Charles Di Peso , Director of The 
Arnerind Foundation led the Joint Casas Grandes Expedition in 
collaboration with the National Institute of Anthropology and 
History , a branch of the Mexican government ( Contreras 1958 ; Di 
Peso 19 6 0 ,  1 9 6 6 , 1968 , 1974 ; Di Peso , Rinaldo and Fenner 197 4 ) . 

The four principal factors leading to the deterioration of 
Paquime are water ( rain,  run-off , and cap i llary action ) ; wind 
abrasion ; expansion and contraction due to temperature changes ; 
and , abrasion etc . due to visitors . 

The three main criteria for the development of a research 
strategy and a management plan are the need to protect the site ' s  
scient i f ic worth , educational value and esthetic integrity . 

Mater i a l  presented in th i s  paper without spec i f ic 
attribution is derived from Di Peso ( 1974 ) and Di Pes o ,  Rinaldo 
and Fenner ( 1974 ) . 

Cultural History 

Di Peso provided a three period , nine phase chronology based on 
dates derived from radiocarbon , tree-r ing , and obs i d i an 
rehydration measurements . Subsequent work has mod i f ied the 
chronology ( Dean and Ravesloot 1988 ; Le Blanc 198 0 ;  Lekson 198 4 ) . 
Phi l l ips ( 19 8 9 )  proposes an alternate chronology that el iminates 
some phases and combines others : 
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Tardio Period ; San Antonio de Padua Phase 

Medio Period ; Paquime , Diablo and Robles 
Buena Fe Phase 

Vie j o  Period ; Perros Bravos Phase 
Pilon Phase 
Convento Phase 

AD 1660-1686  

AD 1 3 00-1450  
AD 1 1 5 0 - 1 3 0 0  

A D  1 0 7 5 - 1 1 5 0  
AD 9 75 - 1 0 7 5  
AD 9 7 5 - 600 
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The Vie j o  Period : The vie j o  Period reflects the expansion of 
the local population as pit-house villages grew and were replaced 
by rectangular wattle and daub surface compounds . The beginning 
of this period was related to the downfall of Teotihuacan and the 
end was related to the rise of Tula (Di  Peso 1 9 7 4 ) . 

The Medio Period : Casas Grandians managed to accumulate large 
quantities of shells , copper bells , metates ,  etc . and produced 
large quanti ties of macaw and turkey feathers . These products 
were exchanged for cosmic legitimization ( Rathj e ,  Gregory and 
Wiseman 1 9 78 ) . 

The Tardio Period : The Tardio Period includes the post climax 
occupation around Paquime and the first Spanish intrusions . 

Construction Techniques 

S ince everyone knows what adobe is , adobe is different things to 
different people ( Judd 197 7 ) . In this paper we w i l l  consider 
adobe to be a mixture of clayey soils and sand that have been 
used in construction ( Judd 1 9 77 ) . The ideal percentage of clay 
should be under 2 0 % , while the sand should surpass 4 5 % . 

As clay dries , it shrinks , looses its lubrication water and 
sets in a particular shape . Once the adobe had been set , sub
s equent addition of water will rehydrate and "melt" the clay . To 
protect the i r  f orm most adobe structures are r o o f ed a nd 
plastered . When the protection is lost , water penetrates and re
initiates the re-hydration process which results in " adobe rot" . 

At Paquime the basic construction material is the local soil 
which naturally has a h igh proportion of montmori l lonite c lay and 
caliche . No organic matter was added to the soi l .  

S ince cracking was s l ight , it seems a s  i f  the wal l s  were 
made with a fairly dry mixture of water , mud and gravel .  Non
load bearing walls were about 2 5  to 30 cm wide whi l e  load-bearing 
wal ls were about 4 0 ,  80 or 120 cm wid e .  The thinner walls 
supported s i ng l e  story structures wh i l e  the thicker wa l l s  
supported multi -stor ied structure s .  A l  though sixteenth century 
documents mention s i x  or seven f loors ( Obregon 1 9 8 6 ) , 
archaeological evidence suggests there were only three or four . 

Both interior and exterior walls were plastered . First the 
wal l  core was covered with a layer that provided a level surface 
for the appl ication of the f inishing layer . This penultimate 
layer plays two very important rOles . Firstly , it creates a 
smooth and uniform surface that increases the adhesion of the 
f inal layer . Secondly by adsorbing any irregularities in the 
outer surface of the core it reduces the mechanical and hydraulic 
stresses that tend to crack the final layer . 

Conservation and Preservation 

The Degradation of Adobe at Paquime : The four principal 
factors leading to the degradation of adobe at Paquime are water 
( rain , run-off , and capillary action) ; wind abrasion ; expansion 
and contraction due to· temperature changes ;  and , abrasion etc . 
due to visitors . 

Water is the number one enemy of adobe and rammed earth 
bui ldings . Water is the original "plasticizer" and as such 
permits the shaping of clay . Once dried clay maintains its shape 
unt i l  it is rehydrated and returned to the p la s t i c  state . 
Rehydration may be the result of a single event or the continual 
wetting due to rain , dew , etc . 

Water at Paquime is mainly derived from rain . Torrential 
storms wash away any loose material leaving a new surface to be 
subj ected to yet an other drying cycle . 
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Capi llary action takes place in any porous material that 
f inds itself in contact with another material with a higher 
percentage of l iquid water . It  must be remembered that the clays 
in the adobe provide a large area to store water and fac i l itate 
evaporation . In adobe walls in arid environments , the capillary 
action is re-enforced by the establishment of a vapour front 
which would seem to wick the water further up the wal l s ,  with a 
resultant increase in coving . 

Paquime is subj ected to spring and early summer winds 
with peak velocities in excess of 17 m/sec ( 60 kph ) . The 
particles in the wind work like a sand blaster abrading the 
wall s .  The impact of these winds can be c learly seen in the 
asymmetrical wear of exposed walls . In general terms , the amount 
of material eroded from the western face of exposed north-south 
wal l s  is more than twice that of the east face . This wind driven 
asymmetrical erosion is not found in protected wall s .  

The winds also help t o  wick out the moisture in the walls 
and i ncrease the amount o f  damage attr ibuted t o  " c ap i l lary 
a c t i o n " . The continual expansion and contrac t i o n  due to 
temperature changes results in the chronic destruction of the 
most basic mechanical bonds . As previously noted ambient summer 
temperatures in the shade exceed 4 0 ° C  whi le winter temperatures 
fall below -17 ° C .  In the summer the temperatures of surfaces 
exposed to direct sun l ight will vary more than 4 0 ° C  each day . 
This results in a smal l  but not insignif icant expansion and 
contraction cycle ( Luis Torres , personal communication ) . In the 
w inter the f ormat ion o f  ice crysta ls with in the adobe a l so 
creates pressures that break the mechanical bonds . 

Paquime received over 1 7 , 500 visitors in 1 9 8 9  and l ike the 
sand part i c l e s  i n  the w ind , they s l owly but sure ly abrade 
whatever they touch . While it is hard to measure the impact of 
the individual visitor , the wear and tear can be easi ly detected 
month by month . The sucessful installation of a visitors trail 
has greatly reduced this damage . 

Properly cared for adobe is a strong and l ong l a s t i ng 
material , but exposed to the elements it quickly melts and looses 
its structural properties . The individual and combined damage of 
water , wind abrasion , temperature changes and visitor induced 
abrasion are chronic and insidious since they take advantage of 
the weaknesses created by each other . 

Conservation : In 1 9 8 8  the National Institute of Anthropology and 
History , in col laboration with the government of the state of 
Chihuahua , undertook the restitution of Unit 6 .  Unit s ix is  a 
s ingle story rammed earth structure to the north west of the main 
l iving quarters . unit six was previously restored by Eduardo 
Contreras in 198 1 .  

The f irst step was to gather all  the available documentary 
and photographic evidence that would facil itate the j ob .  Based 
on Di Pesos ' monumental work (Di  Peso 1 9 7 4 ; Di Peso , Rinaldo and 
Fenner 1 97 4 )  a profile of each room was developed and converted 
into the work sheet used to evaluate each rooms ' condition . 

The second step was the app l i ca t i on o f  sacr i f i c i a l  
super f i c i a l  layers of " new old adobe" that wou ld cover and 
protect the original wal l  stubs . "New old adobe" is the material 
that was washed into the rooms as the bui ldings eroded and then 
was removed as f i l l  during the excavation . 

The wa l l  stubs were s crapped to remove loose mater ia l ,  
gently wetted down and covered with "new old mud" . The 
"new old mud" was forcefully fl icked on with a smal l  mason ' s  
trowel . A 3 0  c m  grid of yellow polypropylene strings and knots 
were placed within the first layer of the "new old mud" . This 
grid will inescapably delineate the j oint . 

After the "new old mud" covered the old wal l  stub , the 
workman appl ied considerable pressure to create a smooth surface 
and f loat the f ines to the surface . Then , indentations were made 
with the point of the trowel .  These indentations helped stop 
cracks and improved the adhesion of the next layer . The workmen 
preferred to use their fingers . 

When the f irst layer was quite dry , a second layer , and then 
a third , etc . were appl ied as necessary to bring the wal l  back to 
the dimensions speci fied in Di Pesos ' reports . 
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An a lternat ive approach i s  e f f ective in s om e  c a s e s  of 
advanced erosion . Walls were re-built using forms that simulated 
the original construction technique ( Contreras 1 9 8 5 ) . These 
forms were positioned in the manner suggested by Contreras ( 19 8 5 )  
and f i l led with " new old mud" . The forms were removed once the 
mud was dry enough to stand on its own . After each section was 
dry , the planks were raised and another section built . Once the 
wal l  was close to the dimensions specified ( Di Peso,  Rinaldo and 
Fenner 1974 ) , one or more layers of mud were f licked on . 

The use of forms is ideal only in specific s ituations . 
Forms are successful only in reconstructing walls from low stubs . 
Attempts to apply this technique to walls that have been heavily 
eroded lateral ly ,  but not vertically , have not met with success . 
As the new material dries , it tends to lose adherence and draw 
away from the old wall . There needs to be sufficient mass , at 
l east 2 0  cm of "new wal l " ,  above the stub to bind the material 
app lied to the sides . 

steps To Be Taken : The most important steps to be taken are the 
development of long term maintenance and protection programs . The 
s u cc e s s  o f  a ma intenance program depends on the f inanc i a l  
c ommi tment to s em i - annual inspections that inc lude both 
photo graph i c  and written documentat ion . Such s em i -annua l  
inspections are the key t o  site preservation s ince they provide 
the information needed to evaluate what techniques and actions 
have been successful as wel l  as anticipate the budgetary needs in 
the short , medium and long term . 

The protection program needs to addresess the different 
problems faced in protecting the different facets of the cultural 
heritage . Such a protection program needs to enlist the support 
of the general publi c ,  help them appreciate the pace that at 
which their history is being destroyed and create a conci encious 
force that strives to protect archives ,  historic bui ldings and 
archeological site s ,  etc . 

The work done at one site has l ittle meaning if everything 
e lse is forgotten . Steps must be undertaken to protect the plain 
as well as the dramatic . The general public pays for the 
protection of cultural resources and the public should know what 
it gets for its money . As government agencies we are no more 
than the custodians of the public interest . If there is no 
p ub l i c  i nterest , we are custodians of l itt l e  more than a 
coll ection of anachronims . 
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ABSTRAcr 

The mud and brick wall remnants 
at Fort Selden State funument,  
NEW Mexico, U. S.A.  were stabiliz
ed 197 2 ,  197 4 ,  and 1985.  The 
techniques enployed included the 
placement of caps on wall tops , 
repair of basal erosion, estab
lishment of drainage slopes to 
prevent the accumulation of water 
next to walls , preservation 
landscaping, and construction of 
visitor trails . These efforts 
have retarded , but not stopped , 
the deterioration of the site . 
It is suggested that research be 
directed toward the burial of 
cultural resources as a long-term 
preservation method, and it is 
reconmended that sites should not 
be excavated and left exposed for 
purposes of public display and 
interpretation. 

KEYIDRDS 

Preservation 

Predictive fudeling 

Resource Burial 

Earthern Architecture 

Display and Interpretation 

Fort Selden, Administration 
Building , 1867 . Photographic 
Archives : Museum of NEW Mexico. 

Fort Selden, Company Quarters , 
1867. Photographic Archives : 
Museum of New Mexico. 

Fort Selden, Company Quarters 
and Post Hospital , 1886 . 
Photographic Archives : Museum 
of New Mexico. 

Site Preservation 

FORI' SEIDEN RUINS CONSERVATION 

Thomas J. Caperton 
NEW Mexico State funuments 
Museum of NEW Mexico 
Box 2087 
Santa Fe , New Mexico 87503 
U. S.A. 

Location 

209 

Fort Selden is located in the semi -desert country of New Mexico in the 
southwestern United States , 85 km (53 mi) north of the Mexican border on the 
Rio Grande. 

Historical Background 

The post was established to protect visitors in the valley of the Rio Grande 
from Indian raids and bandits . The adobe fort was constructed in the late 
1860s by soldiers from the garrison, military prisoners , and civilian 
enployees. 

The flat-roofed structures comprising Fort Selden were arranged about a 
rectangular parade ground, they included the Officer ' s  Quarter ' s ,  C ompany 
Quarters, Administration Building , and the Post Hospital . Beyond the perimeter 
of the parade ground were the corrals ,  the Comranding Officer ' s  Quarters , and 
the Trader ' s  Store. Fort Selden was constructed to hold a complement of about 
200 men. 

According to military specifications the outer walls were . 61 m (2 ft) 
thick and the inner walls, which did not support roof beams , were . 3Om (1 ft) 
thick. The outer walls had rock foundations and the interior walls had mud 
brick foundations . The walls were 3 . 05 m (10 ft) high from floor to ceiling 
with a . 61 m C2 ft) parapet above the roof. The roofs consisted of peeled 
cottonwood logs (vigas) overlayed with small cottonwood poles (latillas) which 
were placed side by side. On top of these were a layer of willows placed 
crosswise, and on the willows a thick layer of hay and a 8 . 9  ern ( 3  1/2 in) 
layer of mud mixed with cut straw. On top of this was a layer of tamped dry 
earth and , finally, a 8 . 9  ern (3  1/2 in) layer of mud. Most of the exterior 
walls were not rendered, while the interior of the buildings were coated with 
a lime plaster. 

There were continual problems with the upkeep of the mud brick buildings . 
During one period of particularly heavy rain, tents were pitched inside the 
roams to protect the inmates and their possessions . In 1871 the Post Commander 
carmented : "The buildings ami quarters are sufficient for the present garrison, 
and have been well built from the material afforded by the country (adobe) but 
that material . . .  disintegrates so fast during the sl.ll11Tler rains that constant 
repairs are needed to preserve the buildings for decay and ruin" (Cohrs, 
Caperton, 198 3 :  6) . 

The post was abandoned in 1891 . The roofs , windows , and other salvageable 
material was reportedly given to a contractor in payment for removing the 
bodies fran the post cEIDetery. 

Environmental Data 

Fort Selden is located at an elevation of 1126 m (3990 ft) above sea level . 
Terrperature and precipitation has been recorded at a station 20 . 9  (13 mi) from 
the site since 1870.  

The average annual maximum t errperature (187 0-1983 )  is 24 . 7 0  C (76 . 4 0  F) , 
the average minimum terrperature is 6 . 60 C (43 . 90 F) . There are an average of 
97 days a year with terrperatures over 32 . 20 C (900 F) and 100 days with the 
terrperatures at or below freezing. The mean annual precipitation is 21 . 60 CM 
(8 . 49 in) . The rainy season is from July 1 to Sept EIDber 10. The months of 

July to SeptEIDber receive 54% of the annual rainfall . 

Preservation Efforts 

The former fort was acquired by the NEW Mexico State Monuments , a bureau of 
the Museum of New Mexico , in 1972 . There is a visitor center with a full time 
staff at the site . Preservation projects were instituted at the monument in 
197 2 ,  197 4 ,  and 198 5 .  

Walls Caps 

During the historic occupation of the post, lime plaster was used to form a 
simple cap on the walls. Erosion problems at another nineteenth century fort 
in NEW Mexico Vlere addressed by placing wide wooden planks on top of the walls 
to protect them and form a drip edge. The planks were held in place by 
additional mud bricks . 
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Workman preparing eroded wall 
base for insertion of new 
adobe bricks , 1974 . New 
Mexi= State Monurrents. 

Workman =ntouring new adobe 
bricks to fit profile of 
historic wall,  1974.  New 
Mexico State Monurrents. 

Adobe wall before stabilizat
ion, 1974. New Mexi= State 
Monurrents. 

Adobe wall after stabilizat
ion, 1974. The ground 
surface has been raised to 
provide wall support and 
graded to facilitate water 
runoff. New Mexi= State 
Monurrents. 
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During the 1972 stablization effort at Fort Selden same of the wall 
remnants were capped with Im.ld bricks which had been amended with a polyurethane 
resin (Pencapsula) .  The amended bricks were relatively impermeable and this 
may have resulted in the accelerated erosion of the wall fabric :imnediately 
below the cap. The bricks were laid in line with the walls with no drip edge. 
In same cases several =urses of historic bricks were removed to form a base 
for the new material . The result of this work was a flat-topped unnatural 
appearance to the walls. The aJIDunt of original fabric removed would probably 
not have been lost from natural weathering processes for several decades .  

The amended bricks were removed in 1974 and the walls were coated with 
alx)Ut 2 . 54 an (1 in) of unamended Im.ld to form a protective cap. 

The walls were capped with unamended Im.ld again in 1985.  Narrow strips of 
red plastic sheeting were placed between the cap and original surface at 0 . 9  m 
(3 ft) intervals to act as indicators when additional maintenance work is 

required. 

The unamended cap lasts alx)Ut one year. The rapid deterioration of the 
cap is the result of the relatively wide wall surface which is exposed to rain 
and snow. .5are of the walls which were not capped have eroded to a character
istic rounded or pointed top which tends to shed water and on which snow does 
not readily accUIm.llate. While the unamended cap is an effective and aestheti
cally acceptable preservation technique , if well maintained , investigation 
should be made into the use of amendments that would retard erosion without 
having adverse effects upon other portions of the wall remnants . The use of 
shelters to protect the exposed mud brick walls might be a more effective 
preservation technique than capping . Careful consideration Im.lst be given to 
the design of the shelters so that they do not create adverse physical effects 
upon the wall remnants . 

Wall Bases 

Many of the wall bases at the monument exhibited typical basal erosion caused 
by rising darrp , leaching of salts , wind carried abrasives , and to sane extent , 
rodent infestation. 

In 1974 the walls that exhibited advanced basal deterioration were repair
ed by inserting Im.ld bricks into their base . The eroded areas were prepared by 
cutting them into a rectilinear form with a flat base to accept the new Im.ld 
bricks which were set in unamended Im.ld rrortar . The square edges of the bricks 
were tr:imned to match the =ntours of the historic walls. 

Walls which exhibited less basal erosion were repaired with successive 
layers of Im.ld plaster . 

Drainage Slopes 

Slopes were established to prevent the aCCUIm.llation of water next to walls . 
The exterior and interior ground surfaces of the rooms were, as practicable , 
brought to the same level by lowering or raising the fill . This may prevent 
problems with the transference of rroisture through the wall from the area of 
greater to lesser fill.  The ground surface was then sloped away from the walls 
to facilitate water run off. 

In those cases where there was severe and extensive basal erosion , earth 
berms were established against the walls to provide structural support . The 
berms were compacted and sloped awa y from the walls to prevent the accUIm.llation 
of water next to them. The basal erosion pattern will reoc= at the juncture 
of the wall and top of the berm. 

Drainage within room blocks was generally facilitated by channeling the water 
through doorways or gaps in the walls to the exterior of the structure. In 
cases where this was not possible, the interior of the rooms were =ntoured to 
encourage the puddling of water in the center where it would evaporate. 

Preservation Landscaping 

Several species of natives grasses that do not require watering after estab
lishment were planted on the parade ground and the perimeters of the post. 
The grass may reduce the aJIDunt of wind carried particles that blast the wall 
remnants of the post during sandstorms . Vegetative growth is dis=uraged 
in the rooms for it is felt tl1at it might retain moisture which would enter 
the walls. 

Visitor Trails 

Distinct trails were established through the fort and visitors are requested to 
stay on them. Them recudes impact on the walls from public use. 

Predictive Modeling 

In 1989 photographs from the occupational and post-occupational periods of the 
fort were compared with present-day photographs by Kevin McDougall and John 



Preservation landscaping. Grass 
was planted on the parade ground 
to reduce the amJunt of wind 
carried abrasives . The trees 
replicate the historic landscape, 
1985. New Mexi= State t-bnUlT'eIl.ts. 

Drainage contours to prevent 
accumulation of water next to 
walls. The grade is established 
to the center of this roadway. 
After snow, 1974. New Mexi= 
State t-bn UlT'eIl.ts. 

Officer ' s  Quarters before 
stabilization, 1974. New Mexico 
State t-bnuments. 

Officer ' s  Quarters after 
stabilization, 1980. New Mexi= 
State t-bnuments. 
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Jensen of the University of Queensland , Brisbane ,  Australia to dtermine if 
photogramnetry can be used to determine the erosion rate of cultural resources. 
Mclbugall and Jensen stated that it is possible to extract data from which the 
deterioration rate of adobe buildings could be determined. Predictive modeling 
possesses the potential to be an invaluable tool for both preservationist and 
site mmagers . 

Resource Burial arrl Public Presentation of Cultural Resources 

IDw-lying walls at Fort Selden which were not of salient interest to visitors 
were draped with a soil membrane (geotextile) arrl =vered with earth. 

Resource burial is the ITOst effective means of preservation known today. 
Sites should be recorded prior to burial and copies of the data placed in time 
capsules on the site. The resource could rE!l1ain covered for generations and 
the time capsules might insure the survival of archival data. In cases where 
there are substantial above ground rE!l1ains the resource should be =vered to 
the greatest extent possible . Thus , a good portion of the site will rE!l1ain 
relatively intact. Site burial has the additional benefit of dis=uraging 
vandalism. 

The mud brick rE!l1ains of Fort Selden are preserved by the State of New 
Mexico for purposes of display and interpretation. Such public progr anming 
can conflict with preservation efforts . Decisions regarding the presentation 
of the site may have a significant impact upon the cultural resource. 

In mmy cases, extensive ruins in the southwestern United States which are 
open to public visitation have been stabilized in the same fonn that they were 
found after archaeological excavation. The resources did not exist in this 
=ndition, as a roofless ruin without room fill , during any period of their 
history. The walls , and other features , if left exposed , deteriorate rapidly. 
After several decades of weathering and/or repair the original fabric of the 
resource becomes enextricably altered . A fantasy historical envirol1llEnt may 
be created is this process continues .  The preservation design ultimately 
may destroy the historic integrity of the resource . 

Alternative fonns of resource presentation and interpretation must be 
implemented . For example , sites can be effectively interpreted in a museum 
setting without sacrificing the integrity of the resource. Portions of a 
site might be excavated and enclosed in a structure with a controlled 
environment. 

mNCLUSIONS 

The preservation design of the mud brick wall rannants at Fort Selden , New 
Mexico included the placement of unamnended mud caps on walls, filling of 
areas of basal erosion with mud bricks , establishment of drainage slopes to 
prevent the accumulation of water next to walls, preservation landscaping , 
=nstruction of trails for site visitors, and resource burial . These techni
ques have , at best, extended the life expectancy of the ruins and hopefully 
have not had a deleterious effect upon the resource. 

To date there is no panacea for the ills associated with the conservation 
of adobe cultural resources ,  and some procedures have resulted in their 
further degradation. The exploitive presentation of historic sites should 
be reconsidered in light of the fact that the original fabric of the resources 
is often sacrificed or lost for reasons of public progr anming. 

The ITOSt effective preservation techniuqe for earthen ruins is burial . 
It is recanmen:1ed that research be directed toward the burial of sites , 
alternative rrethods of presentation and interpretation , and the investigation 
of erosion rates. 
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ABSTRACT 

In the " l ' lle district of Marti
gues ( Bouches-du-Rh6ne - Southern 
France ) ,  important rescue archeo
logical excavations have taken 
place during a twelve-year period 
( 1978 - 1989 ) ; this work has 
shed much light on our knowledge 
of architecture and daily life in 
Southern Gaul during the Iron Age . 
Because of its exceptionally good 
state of preservation , the site 
has clearly demonstrated the im
portance of earthen materials in 
construction techniques and has 
provided a good insight into the 
domestic lay-outs within the two 
successive protohistoric vi llages 
found there . 
In addi tion , thi s archeological 
work has led to a project aimed 
at presenting some of the earthen 
buildings of the first village , 
this through both restoration 
and reconstruction . 
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Earthen architecture - Domestic 
lay-outs - Earthen obj ects -
Iron Age - "L ' Ile" district of 
Martigues - France . 

FIG.  1 Plan du premier village 
protohi storique ( debut Ve - debut 
l I e  s .  av . J . C . ) et implantation de 
la "Vi trine Archeologique" .  
Dessin N .  Nin . 

FIG. 2 Foui1 1 e  de l ' espace 
concerne par 1a preservation 
archeologique . Place d ' angl e ,  rues 
et maisons du premier village . 
Photo Jean Chausserie-Lapree . 
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Histoire et preservation du site . 
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Introduction 

UN VILLAGE EN TERRE 

De 1 978 a 1989 , Ie quartier de l ' Ile a Martigues , petite ville de Provence 
Occidentale , a ete Ie theatre d ' importantes fouilles archeologiques motivees 
par une operation de renovation urbaine . Les prin�ipaux resultats de cette re
cherche concernent l ' instal1ation au debut du 5eme siecle avant J . C .  d ' un habi
tat urbanise qui est a l ' origine de l ' agglomeration actuell e .  

Entre Ie  debut du 5eme siecle e t  l a  fin du 2eme siecle avant J . C .  deux bourga
des protohistoriques se sont succedees au milieu du chenal qui relie l ' Etang de 
Berre a la Mediterranee . Grace a des conditions de sedimentation particulieres 
-exhaussement du sol , submersion partielle , incendies repetes- les s tructures 
baties des deux villages ont ete remarquablement conservees . Elles offrent un 
large panorama des techniques archi tecturales et des pratiques domestiques en 
vigueur dans Ie Sud de la France durant l ' Age du Fer , et  soulignent l ' importan
ce de la terre crue dans la construction , l ' amenagement interieur , l ' entretien 
et la decoration des maisons ( 1 ) . 
La qualite des vestiges qui a permis d ' etablir l ' histoire des techniques archi
tecturales protohistoriques uti li sees sur ce site est a l ' origine du proj et de 
conservation et de mise en valeur de l ' habitat in situ .  Toutefois les problemes 
lies au contexte urbain actuel , a la remontee de la nappe phreatique et a la 
nature des vestiges interdisaient une conservation en plein air . Le choix s ' es t  
donc porte sur une conservation en rez-de-chaussee d e  l ' un des immeubles nouver 
lement construits . Ainsi derriere une "vi trine archeologique" est aujourd ' hui 
presentee au public une partie du quartier nord-ouest du premier village gau
lois . Huit habitations sont partiellement conservees et occupent , avec les 
trois rues et la place qui les desservent ,  une superficie de 70 M2 ( voir fig. 
1-3 ) . 

Un double parti de presentation a anime la realisation de ce projet : 

- la restauration des vestiges immobiliers dans leur etat initial met claire
ment en evidence Ie plan d ' urbanisme et  l ' archi tecture vernaculaire de cette 
agglomeration . La superposition de murs d ' epoques successives trahit egalement 
Ie principe de sedimentation du s ite . 

- la reconstitution integrale de plusieurs maisons donne une image inedite de 
ce type d ' habitat . La variete d ' utilisation et l ' adaptabilite du materiau 
terre trouvent ici une illustration que la seule conservation des murs n ' aurait 
pu fournir . 

On trouvera donc l ' association des deux themes principaux traites dans ' cette 
conference : l ' histoire et la tradition de 1 ' util isation de la terre dans 
l ' habitat a ' une part,  la restauration et la preservation des sites de l ' autre . 

TECHNOLOGIE PROTOHISTORIQUE DE L ' ARCHITECTURE EN TERRE 

Dans les deux villages l ' archi tecture de terre se rencontre a tous les niveaux 
de la construction domestique ( murs , toitures ,  sols , placages , amenagements 
interieurs etc . . .  ) et se presente , en fonction de chaque utilisation , sous une 
forme et une technologie di fferentes . 

LES MURS : LE PRINCIPE GENERAL DE CONSTRUCTION 

Porteurs ou cloisons , les murs sont constitues de deux parties 
- une base en pierres liees au mortier de terre 
- une elevation de terre crue 

On trouve ici un modele i ssu du monde hellenique et largement repandu sur les 
habi tats protohistoriques du Sud de la France des Ie debut du 6eme s iecle 
avant J . C .  ( 2 )  ( Voir fig . 4 ) . 

La base en pierres : 
La fonction de la partie basse en pierres n ' est pas identique selon qu ' il s ' a
git de constructions initiales ou de reconstructions . Dans Ie premier cas la 
nature meuble du sous-sol rendait necessaire une fondation enterree destinee 
a proteger la base de la magonnerie de l ' affouillemen t .  Quand Ie mur est reba
ti sur une ancienne construction ruinee , la fondation devient un simple soubas
sement , a peine en terre , qui asseoi t  la partie en terre et l ' isole des remon
tees capillaires d ' humidite . La hauteur de ce socle , generalement peu importan
te ( 0 , 30 m a 0 , 50 m) peut atteindre 1 m sur certains murs de fagade plus 
exposes aUXI chocs et a l '  erosion ( voir fig .  5 ) . 
Quelles que soient les periodes , la technique de construction est une magonne
rie porte use a deux parements en moellons irreguliers montes en opus incertum 
et lies avec un mortier de terre . 



FIG.  3 Vue exterieure d ' ensemble 
de la "Vi trine Archeologique " .  
Photo J . C-L . 

FIG.  4 Mur de fond d ' une maison 
du premier village ( IVeme s .  av o 
J . C . ) E levation d ' adobes sur 
soubassement de pierre s .  Photo 
J . C-L . 

FIG.  5 Fondation d ' orthostates 
et soubassement de pierres d ' un mur 
de fa9ade du premier village 
( Veme - IVeme s .  av o J . C . ) Photo 
J .  C-L . 

FIG.  6 Murs d ' adobes effondres 
dans une maison du premier village 
( IVeme s .  av o J . C . ) Photo J . C-L . 

I. 
FIG.  7 Mur associant briques 
crues et poteau central en bois 
( I I I eme s .  av o J . C . ) Dessin N. Nin . 

FIG.  8 Bouchage d ' une porte selon 
la  technique de la bauge ( I IIe  s .  
av o J . C . )  Photo J . C  -L . 

Site Preservation 2I3 

Sa largeur moyenne ( 0 , 50 m )  est un peu superleure a celle de l ' elevation en 
terre . L ' arase superieure des pierres est recouverte d ' une chape de terre argi
leuse qui prepare le l i t  de pose des briques ou du pise et assure adherence et  
reparti tion egale des charges .  

L ' elevation en terre crue : 
Une soixantaine de murs possedaient encore une elevation en terre en place . S ' y  
ajoutent les nombreuses parois abattues dont l ' analyse permet d ' evaluer l a  hau
teur des constructions . Celle-ci temoigne de l ' inexistence d ' etage que renforce 
l ' absence de dispositifs speci fiques ,  telles les montees d ' escali ers presents 
sur certains sites  preromains iberiques ou proven9aux ( 3 ) ( voir fig .  6 ) . 
Trois modes principaux d ' utilisation de la terre crue ont ete mis en evidence 
l ' adobe , la  bauge et  le pise . La documentation recueillie a precise nos connai� 
sances sur les periodes d ' appari tion de ces differentes techniques durant l ' Age 
du Fer du Midi meridional . Elles ont aussi permis de saisir les modali tes de 
mise en oeuvre de la terre et d ' en tirer les enseignements pratiques pour 
l ' operation de reconstitution . 

L ' adobe 

La technique de l ' adobe est la plus repandue . Presente des la creation de l ' ha
bitat , elle perdure jusqu ' a  sa destruction definitive . 
Les briques sont obtenues par la mise en forme d ' un melange de terre , de sta
bili sant vegetal et  d ' eau dans un moule rectangulaire . Malgre des deformations 
importantes dues aux oscillations de la nappe phreatique , aux tassements et a 
la mauvaise qualite des materiaux , une etude metrologi que a pu etre menee qui 
denote la variete des longueurs des briques selon les periode s .  
On constate aussi l a  grande disparite chromati que des adobes . Outre des sources 
d ' approvisionnement diversifiees , ce phenomene temoigne de la reutilisation de 
terre a batir provenant de murs ruines ( 4 )  ( voir fig .  4 et 7 ) . 
L ' appareil transparait grace au mortier de l i aison que distingue une couleur 
plus claire et une consistance tres argileuse mal appropriee a la confortation 
des ouvrages . 11 respecte generalement la regle de recouvrement des joints 
verticaux . Quelques constructions cependant laissent voir des coups de sabre 
responsables de graves malfa90ns . Les ma90nneries de briques revelent aussi 
l ' absence frequente de l i ai son structurale des murs entre eux , qui trahit un 
rythme de construction original . Le premier mur edifie est le refend dont la 
longueur fixe l ' alignement de fa9ade et 1 ' emplacement de la superficie de la  
maison peut-etre en fonction de lots definis a l ' avance . Ce procede tres rudi
mentaire tire sans doute son origine de la faible superficie des maisons , par
foi s  depourvues de fa9ade ( 10 a 20 m2 ) . 

Trois murs porteurs en briques sur soubassement de pierres montrent l ' associa
tion d ' adobes et de poteaux en Dois places au centre de la ma90nnerie ( voir 
fig. 7 ) .  Cet appareillage mixte qui s ' apparente aux constructions a pans de 
bois , est tout a fai t original pour notre habitat et  se distingue radicalement 
de la  technique du torchis qui caracterise , dans le Sud de la France , des pe
riodes plus anciennes et des zones moins influencees par les apports etrangers . 

La bauge 

Rare , la techni que du fa90nnage direct et manuel de la terre touche des por
tions limitees de murs et parait reservee a des situations architecturales 
particulieres : bouchage d ' une porte ou refection d ' unc ancienne ma90nnerie de 
briques .  Son association aussi bien avec la pierre qu ' avec l ' adobe revele sa 
liberte de modelage et sa facilite de mise en oeuvre ( voir fig . 8 ) . 

En outre le materiau tres composite de la bauge , riche en vestiges domestiques ,  
indi que un prelevement e t  une preparation de l a  terre a batir dans l ' habitat 
lui-meme . Bien qu ' occasionnelle , la bauge attestee des le 4eme s i ecle avant 
J . C .  semble prefigurer la technique du pise qui se developpe au 2eme s iecle 
avant J . C .  

Le pise 

Les murs massifs deviennent majoritaires dans le second village ou ils apparais
sent representatifs d ' une technique veritablement novatrice . Reposant sur un 
soubassement de pierres plus large ( 0 , 50 - 0 , 60 m )  le materiau terre presente 
une coloration et  une composition a peu pres uniformes . C ' est un melange de 
sables , limons et argiles plus heterometri que que les briques . Dans certains 
cas , des pierres dessinent des lignes horizontales interpretees comme des 
niveaux intermediaires entre deux banchees de terre . Faute de vestiges attes
tant l ' emploi de coffrage , ce sont les rares indices materiels d ' uti lisation 
du pise . De plus la periode d ' apparition a Martigues de ce mode d ' architecture 
correspond a son introduction sur d ' autres sites meridionaux proches ( Entremon t ,  
Marignane ) .  Le p i s e  apparait ici comme un transfert d e  technologie i talique de 
me me que la brique avait ete empruntee au monde grec quelques siecles plus tot 
( 5 ) ( voir fig . 9 et 1 0 ) . 

LES SUPERSTRUCTURES 

C ' est le domaine le moins bien connu puisque aucun element s ' y  rattachant ne 
nous est parvenu en place . Encore avons-nous la chance que ce village ait subi 
trois incendies qui ont fossilise des fragments de superstructures effondree s .  
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FIG.  9 Murs de fagade en pise du 
deuxieme village ( l Ie  s .  av o J . C . ) 
Photo J . C-L . 

FIG.  10 Elevation en pise d ' un mur 
du deuxieme village ( lIe  s .  av o 
J . C . ) 

FI9.  11 Fragment de la couverture 
d ' un toit-terrasse . Empreintes de 
roseaux sur la face inferieure . 
Photo G .  Xuereb ( Martigues 
Communication ) 

FIG. 12 Partie nord-ouest du 
premier village recouverte par l a  
nappe phreatique . Photo J . C-L . 

FIG.  13 Magonnerie de pierres et 
de briques avant restauration . 
Superposition de deux murs 
successifs . Photo J . C-L . 
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Mais i l  est difficile de di stinguer les vestiges de la toi ture de ceux qui peu
vent provenir d ' un niveau intermediaire . S ' i l parait acquis que cet habitat n ' a  
pas comporte de maisons a etages ,  plusieurs observations nous incitent a resti
tuer l ' existence de mezzanines ou demi-plans partiel s .  D ' abord l ' exiguite des 
pieces que leur encombrement extreme rendait inutil i sables sans le recours a 
un espace de vie supplementaire . Mais egalement les nombreux objets retrouves 
en posi tion renversee dans les strates superieures des couches de destruction , 
les poteaux implantes pres des murs qui ne pouvaient servir de support a l a  
toi ture o u  les planchers decouverts carboni ses sur l e  sol . 
De la toi ture proprement dite , nous possedons assez d ' elements pour en resti
tuer l a  composi tion et  la forme . Obeissant a un modele courant dans le  Sud de 
l a  Gaule et en Espagne , elle est en terrasse et formee de deux parties : la 
charpente et  l a  couverture . 
La charpente , assemblee sans piece metal lique , se compose de sol ives de pin ou 
de chene di sposees dans le sens de la l argeur et reposant directement sur le  
sommet des  murs . Elles sont parfois relayees ,  au  centre de  la piece , par une 
poutre principale seulement pergue grace au trou ou a la base de poteau qui lui 
sert de support.  
La couverture est faite d ' un lit  de roseaux arranges a plat sur lequel est 
damee une couche de terre crue . Elle nous est connue par les nombreux fragments 
cuits accidentel l ement,  offrant une face inferieure striee d ' empre intes de 
vegetaux , l ' autre plane et l issee ( voir fig . 1 1 ) .  Cette couche est un melange 
de sables , argiles , graviers et fibres vegetale s ,  presentant les traces de 
multiples recharges , temoins d ' un entretien permanent , qui finissent par for
mer une epai sseur de terre allant jusqu ' a  0 , 20 m ,  ce qui induit une charge 
importante de l ' ordre de 300 a 500 kg/m2 ( 6 ) . 

LA VITRINE ARCHEOLOGIQUE : RESTAURATION ET RECONSTITUTION DE L 'HABITAT 

La presentation proposee dans l a  "vi trine archeologique" oll sont preservees 
des structures d ' habi tat du premier village protohistori que , met en evidence , 
dans les elevations , la technique de l ' adobe sur soubassement de pierres . La 
mise en oeuvre a eu recours aux techniques de construction originelles  et 
respecte les principes architecturaux enonces plus haut . Exclusivement manuel
les , la preparation de la terre et la fabrication des briques ont ete repro
duites avec les moyens les plus simples . Un mi l l ier d ' adobes aux modules en 
vigueur aux 4eme et 3eme siecles avant J . C .  ont ete reali ses dans des moules 
prismatiques en bois a compartiment simple . Par ai lleurs la condui te , simulta
nement a ces travaux , d ' une operation de foui lle touch ant Ie second vi llage , 
nous a offert un approvisionnement en sediments appropries a nos besoins en 
materiau . 
Enfin , pour eviter , dans 1 ' architecture , tout desordre lie  a la presence de la 
nappe phreatique sous-jacente ( voir fig . 12 ) ,  nous avons enterre avec du sable 
les structures les plus profondes et protege les vestiges par un systeme d ' e
tanchei te et de drainage adequat ( chape de beton et feui lle de plastique ) ( 7 ) . 

LA RESTAURATION 

Dans la moitie sud du local oll les vestiges archeologiques sont presentes dans 
leur caractere originel ,  l ' etat de degradation des magonneries a rendu indis
pensable une reconstruction des elements qui avaient souffert des intemperies 
durant la fouille et  des travaux d ' edification de l ' immeuble contemporain . 

Apres releve et demontage , les structures ont ete rebaties soit avec leurs 
materiaux propres quand i l s  pouvaient etre reutilises ( pierres ) soit avec un 
materiau simi laire dans Ie cas des briques , du liant et des endui ts . Les par
ties reconstruites ne l ' ont pas ete exactement a l ' identi que , les murs montrant 
souvent des pathologies structurales recentes sans rapport avec la real ite 
archeologique . Ainsi avons-nous decide de restituer l ' etat des magonneries au 
moment de leur decouverte en mettant en valeur les phases de construction 
successives ( voir fig . 13 et 1 4 ) . 
A cause des contraintes techniques les murs restaures ne representent que les 
dernieres periodes d ' occupation du village primi tif.  lIs montrent Ie remontage 
de la magonnerie de pierres la plus recente ( fin 3eme siecle avant J . C . ) sur 
la portion conservee de l ' elevation en adobes du mur anterieur ( mi l ieu 4eme -
milieu 3eme siecle ) .  Par souci pedagogique ils  sont denues d ' enduit protecteur . 
Une attention particuliere a ete portee sur les joints qui revelent l ' apparei l .  
Toutes les fissures d e  retrait intervenues apres l a  pose du mortier ont ete 
bouchees et la surface des j oints l i ssee . 

LA RESTITUTION 

A l ' extremite nord du local , les vestiges protohistoriques n ' avaient pas la 
meme qualite architecturale ,  les travaux de fondation de l ' immeuble moderne 
ayant endommage les murs en elevation . 
Nous avons donc entrepris de les rebatir entierement et de recomposer cette 
partie du village a partir des donnees de fouilles ou de references ethnogra
phiques .  
L a  presence d ' un pilier d ' angle du batiment actuel a interdit de respecter 
exactement Ie plan-masse des maisons . L ' exiguite des espaces interieurs exposes 
necessitait de modifier legerement l ' implantation primitive des maisons pour 
masquer cette intrusion contemporaine en l ' englobant dans un mur de refend 
( voir fig . 15 et 16 ) .  



F I G .  14 La meme magonnerie apres 
restauration . Photo J . C-L . 

FIG.  15 Stockage des adobes en 
vue de la reconstitution de l ' ilot 
nord . Photo J . C-L . 

F I G .  16 Masquage par le mur de 
briques crues d ' un pil ier d ' angle 
en beton de la "Vi trine 
Archeologique" .  Photo J . C-L . 

FIG.  17 Elevations et 
superstructures reconstituees de 4 
maisons du premier village gaulois 
de l ' I1e  de Martigues .  Photo J . C-L . 

FIG.  18 Elevations de briques 
crues sur soubassement de pierre s .  
Parements denues de revetement. 
Photo J . C-L . 
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Au total cinq habitations ont ete partiellement reconstituees . Situees de part 
et d ' autre d ' une rue11e  et donnant sur la placette d ' angle , elles composent un 
petit ensemble qui recree l ' image urbaine de cette agglomeration protohistori
que ( voir fig . 1 7 ) . 

Murs , sols et enduits 

Dans la continuite des vestiges de 1a partie sud du local , 1a  maison d ' angle 
est depourvue d ' enduit exterieur . Au-dessus du soubassement originel en pierres 
restaure , l ' elevation resti tuee montre un apparei l  soigne d ' adobes magonnees 
avec un mortier argi1eux selon la regle de recouvrement des joints verticaux . 
La fagade donnant sur la place a ete percee d ' une petite fenetre dont la pre
sence repond a une triple motivation : donner une prise de lumiere a l ' oues t ,  
permettre une mei 1 1eure integration d e  1 a  maison a u  dispositif urbain d e  l a  
place et demontrer , notamment par l ' absence d e  l inteau , l a  resistance mecanique 
de la terre crua quand e l l e  est correctement mise en oeuvre ( voir fig . 18 ) . 

A l ' inverse , les elevations des maisons qui forment la fagade nord de l a  
ruelle sont enduites interieurement et exterieurement , conformement aux obser
vations de terrain . A l ' interieur , ces revetements ont un role autant fonc
tionnel qu ' esthetique . Frequemment restaures , ils  presentent , pour un meme 
niveau d ' occupation , jusqu ' a  trois ou quatre recharges correspondant aux refec
tions du sol avec lequel i l s  viennent se confondre . Cette accumulation masque 
les differentes epai sseurs du mur . Tres fins et appl i ques en surface sous forme 
de badigeon , ils  concourent a eclaircir les piece s .  Incontestablement ces 
revetements participent a l ' embellissement de l ' espace interieur de la maison 
dont i l s  suppriment les angles vifs ( 8 )  ( voir fig . 1 9 ) . 
A l ' exterieur , les enduits etaient plus degrades du fait de leur exposition 
aux intemperies et aux choc s .  Le projet de reconstitution insiste sur cet 
aspect par une composi tion differente et  une apparence moins homogene qui 
atteste leur usure ( voir fig . 20 ) .  
Nous fondant sur des temoignages anciens et  actuels nous avons renforce cet 
enduit de fibres vegetales qui amel i orent sa resistance a l ' erosion . Un badi
geon fin de terre argileuse l issee l ' impermeab i l i se ( 9 )  ( voir fig . 21 ) .  

La mise en oeuvre des briques a respecte les principes architecturaux antiques 
me me quand i l s  ne repondaient pas a une construction dans les normes . Seule 
une maison a vu son angle nord-ouest edifie selon les regles  strictes de 
l ' apparei l l age d ' angle avec un chainage regulier de briques ,  par me sure de 
securite . Partout ailleurs i l  n ' y  a pas de liai son structurale des murs de 
refend avec les murs de fagade qui viennent s ' appuyer contre eux . Cette 
absence de chainage est encore aggravee , dans l ' ilot nord,  ' par le  percement 
de nombreuses portes que la tai lle des maisons contrai�t presque toujours a 
placer pres d ' un angle malgre les risques de flambement du trumeau ou du mur 
de refend lui-meme que cela comporte ( voir fig .  22 et 23 ) .  

Niches , etageres et  banquettes 

Certains dispositifs ont ete introduits pour pall ier les problemes de rangement 
du petit mobi lier qui abonde dans chaque maison . 11 s ' agit d ' etageres consti
tuees d ' une planche appuyee sur des piquets de bois fiches dans la magonnerie , 
de niches reservees dans l ' epaisseur du mur , dont les'  formes et les dispositions 
ont ete empruntees a des exemples actuel s  du pourtour mediterraneen ( 1 0 ) . Ces 
amenagements permettent de disposer les objets qui ne trouven t . pas au sol de 
p lace appropriee ( voir fig . 24 ) .  
Ils  trouvent un complement dans les banquettes basses qui courent sur le  sol le 
long des murs . Faites d ' une rangee de briques crues magonnees sur une ou deux 
assises ,  e l l es sont solidaires du mur et du sol par l ' enduit argi leux qui les  
recouvre . 
Dans un espace domestique multifonctionnel ,  leur role a pu etre divers : 
etageres basses permettant d ' i soler du sol des reserves alimentaires ,  tables 
de travail pour la preparation des repas , supports d ' objets fragi les ou encore 
banquettes pour s ' asseoir ( voir fig . 25 ) .  

Les superstructures 

Ne disposant d ' aucun espace interieur complet nous avons opere lci de fagon 
didactique , selectionnant pour chacun d ' eux un type d ' amenagement .  Ainsi pour 
l ' habitation vue en coupe a ! ' angle nord-ouest de la vitrine , on a privilegie 
l ' hypothese d ' un demi-plan restreint servant de support a deux grands silos en 
torchis . Ancre dans le mur et soutenu au sol par un poteau d ' angle , il est 
constitue d ' un plancher en pin recouvert de quelques centimetres de terre ( voir 
fig . 26 ) .  La deuxieme maison est dotee d ' une mezzanine couvrant toute l a  lar
geur de l a  piece . Zone de stockage pour des vases a provision et l ieu de rep os , 
ce niveau intermediaire , soumis a de plus lourdes charges ,  a necessite le  
recours a des  bois  p lus importants . 1 1  s ' accompagne d ' un systeme d ' acces com
pose de pieces de bois plantees en escalier dans le mur ( voir fig . 19 et 27 ) .  

La reconstitution des toitures a egalement tenu compte d ' autres observations 
de terrain : absence de terre effondree au pied des murs , stockage de materiel 
domestique en terrasse qui suppose l ' existence , au-dessus des murs , de rebords 
de toiture hauts de 0 , 10 a 0 , 20 m permettant de retenir la terre , de mieux 
controler l ' evacuation de l ' eau avec des gargouilles et  de servir de protection 
pour les gens et  le  mobilier.  
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F I G .  19 Espace interieur d ' une 
maison reconstituee . Badigeon 
d ' argile blanche et amenagements 
domestiques .  Photo G. Xuereb 
( Martigues Communication ) .  

FIG.  20 Fa9ade de l ' ilot nord 
reconstitue . Parement revetu d ' un 
enduit de terre argileuse . Photo 
G. Xuereb ( Martigues Communication ) .  

FIG.  21 Detail d ' un enduit 
exterieur renforce de vegetaux . 
Photo J . C-L . 

FIG.  22 Construction d ' un mur de 
refend sans chainage avec l a  
fa9ade . Photo G .  Xuereb ( Martigues 
Communication ) . 
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lIs  j ouent aussi un role esthetique rendu ici par les differences de niveaux 
entre les toitures et les acroteres d ' angle . Batis en terre fa90nnee , ils  
devaient etre regulierement restaures par suite de  l ' erosion et  du ruissellement . 
Le badigeon de couleur claire applique en surface , en augmentant la reflexion 
solaire , contribue a une mei l leure i solation thermique des toitures ( voir fig . 
27 ) • 

Le mobi lier en torchis 

Omnipresente dans 1 ' architecture , la terre crue est aussi un element essentiel 
de l a  vie quotidienne a travers un type de mobi l ier qui envahit l itteralement 
l ' espace domestique , a savoir les recipients et objets en torchis .  Preserves 
grace aux incendies qui les ont fos s i lises , i ls consti tuent , a Martigues , un 
repertoire unique pour tout Ie bassin medi terraneen protohistorique ( voir fig . 
28 ) • 
La matiere qui les compose est un melange d ' argile et de vegetaux auquel de
vaient sans doute etre ajoutes des excrements animaux si l ' on se refere aux 
exemples actuels . Leur montage se fait par tranche de 7 a 10 cm et Ie modele 
qui reste souvent apparent,  frappe par la l iberte des formes et  la variete des 
combinaisons ( 11 ) .  
Ce mobi lier recouvre deux fonctions principales Ie  stockage des provisions 
et la cuisson des aliments . 
On trouve d ' abord des s i los ou vases de reserve pour ' les cereales , fruits 
seches etc . . •  Grandes j arres cylindrique s ,  carrees ou rectangulaires , recipients 
bas en forme de j atte droite ou carenee , ils sont montes a l ' interieur de la 
maison , a leur emplacement definitif et reposent sur un socle i solant de pierres 
ou d ' adobes ou sur une etagere qui les protege des predateurs et  de l ' humidite 
( voir fig . 26 ) .  
Outre ces vaisseaux solidaires du sol ou de leur support , de nombreux autres 
vases en torchis ,  mobiles  pour la plupart,  completent en les diversifiant les 
modes de conservation des denrees alimentaires .  II  est en fin un autre element , 
essentiel , fabrique en terre crue : Ie four , compose de quatre parties indepen
dantes d�nt l ' assemblage aboutit a un objet complexe . Place pres de la porte 
et lie  a une plaque a feu , il differe des fours en dome traditionnel s  qui 
servent a cuire les galettes par une utilisation sans doute multifonctionnel l e , 
pouvant repondre aux principaux besoins culinaires : cuisson des mets boui l l i s  
et d u  pain , boucanage des viandes et poissons , torrefaction d e s  cereales ( voir 
fig . 29 , 30 et  31 ) .  
Enfin comme materiau de bas e ,  la terre crue est presente au sein meme de 
l ' unite domestique a travers les couronnes de torchis ,  stockees en pile , qui 
constituaient probablement des pains d ' argile prete a l ' emploi pour la fabri
cation ou la refection de ces obj ets ( voir fig. 3 2 ) . 

Conclusion 

La preservation des vestiges d ' habitat en terre , mise en oeuvre dans l a  
" v i  trine archeologique " ,  a tente d e  concilier reali te archeologique et interet 
museographi que . Adapte' aux contraintes techniques du s1 te , Ie programme 
realise a voulu rendre compte de ces deux aspects distincts en proposant d ' une 
part la restauration sur place des batiments tels qu ' il s  nous etaient parvenus , 
d ' autre part la reconstruction de plusieurs maisons afin de tenter de redonner 
une apparence originel l e  et vivante de ce fragment, d ' agglomeration gauloise . 
Avec cette premiere experience menee dans Ie Sud de la France une attention 
particuliere a ete portee sur la presentation des modeles architecturaux ori
ginaux encore peu ancres dans l ' imagination collective ou la terre crue , sous 
des formes multiples , j oue une role fondamental . 

F I G .  23 Le meme ensemble une fois 
edifie et  recouvert d ' enduit .  
Photo J

'
. C-L . 

FIG.  24 Niches et etageres 
murales dans une maison 
reconstituee . Photo G. Xuereb 
( Martigues Communication ) .  



FIG.  25 Banquette basse en terre 
dans une maison du second village 
( lIe  s .  av o J . C . ) Photo J . C-L . 

F I G .  26 Demi-plan restreint 
servant de support a des silos en 
torchi s .  Photo J . C-L . 

FIG.  27 Vue exterieure en coupe 
de deux maisons reconstituees . 
Toits terrasses et mezzanines .  
Photo J . C-L . 
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ABSTRACT 

Monks Mound or the "Great 
Knob"-- l ocated at the 
prehi stori c s i te of Cahoki a i n  
I l l i noi s ,  ac ros s the 
Mi s s i s s i ppi  River from St . 
Lou i s--i s the l argest earthen 
mound north of Mex i co .  After 
centuri es of stabi l i ty s everal 
major s l umpi ng  epi sod e s  have 
occurred at the Great Knob i n  
the l as t  fi ve  years . 
Archaeo l ogi cal  and 
geotechn i cal  i nvesti gat i on s  
have i nd i cated that t h e  mound 
was structura l l y  engi neered to 
res i s t  i nternal s l umpi ng but 
that recent s h i fts i n  
groundwater l ev e l s have 
damaged the i nternal structure 
l eadi ng to i n s tabi l i ty .  
Numerou s engi neeri ng sol u t i on s  
for stabi l i zati on were 
exami ned but al l were found to 
i mpact severe l y  the v i s u a l , 
archaeol ogi cal , or 
archi tectural i ntegri ty of the 
mound . In the fi nal  
eval uati on i t  was determi ned 
that pas s i ve management was 
the best c u rrent approach . 
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About one thou sand years ago , the abori gi nal  peop l es of sou thwe stern I l l i noi s 
reached th ei r c u l tural c l i max and greatest e l aborati on wi th the ri s e  of the 
M i dd l e  Mi s s i s s i ppi an c u l ture . Thi s peri od saw the devel opment of temp l e mound 
centers , hi erarch i cal  pol i ti cal  and re l i gi ou s  organi zat i on , l arge-scal e trad e ,  
and fu l l -ti me agri c u l tural s u b s i s tence pattern s .  O n e  o f  these temp l e mound 
centers and i ts soci ety far exc eeded the rest i n  s i ze and comp l ex i ty .  Thi s i s  
the s i te of Cahoki a ,  l ocated j u st  acro s s  the Mi s s i s s i ppi  Ri ver from S t .  Lou i s ,  
Mi s souri , i n  the expan s i v e  Ameri can Bottom f l oodp l a i n  of I l l i noi s ( s ee fi g .  1 ) .  

Cahoki a ' s s i ze i s  i mpre s s i v e--the habi tat i on and ceremon i al areas are 
thought to cover at l east  1 3  km2 and i nc l ude  over one hundred and twenty 
mounds ( S ee fi g .  2 ) . Domi nati ng the s i te i s  the Great Knob or Monks Mou n d ,  a 
l arge ,  mu l t i terraced p l atform mound ( s ee fi g .  3) l ocated wi thi n the central 
ceremon i al prec i nct . Thi s structure hol ds  the di sti ncti on of be i ng the l arge st  
earthen mound north of Mex i co .  I t  measures about 2 9 1  m north-south , 236 m 
eas t-we s t ,  and 33 m i n  h e i ght [ 1 ] .  

Today , about 7 , 500 ha of the s i t e ,  i nc l ud i ng the cen tral ceremon i al 
preci nct and many of the mou nd s , are owned by the State of I l l i noi s and 
managed by the I l l i noi s H i stori c Pres ervat i on Agency ( I HPA) . The Cahoki a 
Mounds H i stori c S i te i s  l i sted on the Nati onal Regi ster of H i s tori c P l aces , i s  
a Nat i onal  H i s tori c Landmark , and i s  on the Worl d  Heri tage Li s t .  

The Great Knob S l ump 

Si nce  i t s fi rst  depi c t i on i n  the ear l y  n i neteenth century ,  Monks Mou nd has 
s u stai ned on l y  s l i ght  s u rfi c i a l  mod i fi cati on due  to di rect human al terat i on s  
and sheet , ri l l ,  a n d  g u l l y  eros i on .  I n  t h e  mi d- 1 950s , and agai n i n  t h e  l ate 
1 960s , two mi nor s l ope fai l ures took p l ac e .  The effects of these were read i l y  
patched and none o f  the movements  were v i ewed a s  seri ou s l y  endangeri ng the 
mound as an archi tectural monument . Howeve r ,  i n  February 1 984 a mod erate 
s l ope fai l u re al ong the eastern mound edge cal l ed i n to ques t i on the future 
stabi l i ty of Monks Mound . The State began joi nt archaeo l ogi cal  [2]  and 
geotechn i c [3] stud i e s  of thi s east face s l ump . Vi rtual l y  whi l e  thi s work was 
i n  progres s ,  i n  Apri l 1 984 , a mas s i v e  s l ope fai l u re occurred on the western 
fac e ( se e  f i g .  4) . Thi s s l ump was l arger than a l l prev i ou s l y  known examp l e s 
and over the s u b s equent few months showed no s i gn s  of natural l y  stabi l i zi ng as 
the other s l ump s had don e .  

A t  thi s poi n t ,  there was i n tense pre s s u re from both State and Federal 
organ i zati ons to make i mmed i ate emergency repai rs to the s l ump areas . 
Fortunate l y ,  we were abl e to argue convi n c i ng l y  that so l i tt l e was known about 
the i nternal structure of the mound or the causes  of the s l ope fai l u res that 
i t  wou l d  be premature to undertake any emergency acti ons unti l more 
i nformati on cou l d  be gathered . 

Research and Phi l osophy 

At that poi n t ,  the IHPA expanded i ts res earch to addre s s  the enti re i s s u e  of 
mound s l umpi ng . Thi s res earch had three i mmed i ate goa l s :  ( 1 ) to determi ne  
the  cause of the c u rrent s l ope fai l ure ; (2)  to  des i gn a way to arre s t  thi s 
proc e s s ; and , ( 3 )  to eval uate the i mpact of these actions  on the archi tectural 
and archaeol og i ca l  i ntegri ty of the monument . The geotech n i cal  aspect of the 
study was performed by Mathe s  Geotechn i cal Serv i ces , I n c . [4] and was a 
conti nuance of thei r ear l i er work on the east s l ump . The archaeo l ogi cal  
porti on of the study was conducted by the Contract Archaeol ogy Program, 
Southern I l l i noi s Uni vers i ty at Edward sv i l l e  ( SlUE)  and foc u s ed on the 
compi l at i on and synthes i s of a l l prev i ou s  h i stori cal  and archaeol ogi cal  
i nformati on avai l ab l e on the Great Knob [ 5] , as wel l as a l i mi ted program of 
test  excavati on and mapp i ng on the west  s l ump [ 6 ] . 
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Fi g .  1 - Map of the Ameri can 
Bottom s howi ng the l ocati ons  
of Cahoki a and  the maj or 
Mi s s i s s i ppi an mound groups . 
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As these s tud i e s  went forward , a para l l e l proc e s s  was undertaken to a s s e s s  
t h e  phi l osoph i ca l  and eth i c a l  i mp l i cati ons o f  any proposed s tabi l i zati on and 
restorati on effor t .  I n  May 1 985 , t h e  I H PA convened a worki ng meeti ng 
i n c l udi ng i nternat i ona l , nati ona l , and regi onal  experts on resource management 
as wel l as  l ead i ng s c ho l ars on Cahoki a res earch to d i s c u s s  the i s s u e s  of 
restorat i o n ,  stabi l i zati on , i nvesti gati ve  ex cavat i on s , and publ i c  
i nterpretat i on . There was strong unan i mi ty that s tabi l i zati on rather than 
res torat i on was the goa l . However,  there was a bas i c  d i chotomy i n  the 
parti c i pants ' approaches  to the treatment of the Great Knob . The s e  
tli fferences  r e s u l ted from each i nd i v i dual ' s  percept i on o f  t h e  mound as  
pri mari l y  an "archi tectural monument , "  a "databas e , "  or a "pub l i c  i nterpreti ve 
resource . "  Thos e  percei v i ng the mound as  archi tecture stron g l y  u rged the 
con s tructi on of a l arge s u rrou n d i ng berm to preserve i ts form . Researchers 
focus i ng on the i nformati onal aspect s ugges ted excavati ons to retri eve 
i nformati on that mi ght be l os t  duri ng the s l umpi ng proc e s s . Tho s e  respon s i b l e  
for i nterpret i ng the s i te to the publ i c  were concerned about any approach ,  
e . g . , mas s i ve bermi n g ,  that drasti cal l y  mod i fi ed the v i s ual  fabri c o f  the 
mound and s u rrou n d i ng area . Out of thi s d i vers i ty of opi n i on s , the 
di s c u s sants argued for a sol u t i on that pres erved the Great Knob ' s  v i sual  and 
archi tectural i n tegr i ty ,  mi n i mi zed the l os s  of archaeo l ogi cal  i nformati on , and 
was l ong-term i n  natu r e .  

Background 

The Great Knob i s  under l a i d  by natural submound depo s i ts  that are associ ated 
wi th a re l i c t  channel  bar comp l ex  of the Mi s s i s s i ppi Ri ver , as  we l l  as  more 
recent s l ackwater s ed i ments and overbank depos i t s of Cahoki a Creek , the major 
drai nage i n  the Ameri can Bottom . A l though matri x textures of these materi a l s 
are predomi nan t l y  sands , l oamy s i l ts and c l ays are a l so  pres ent , parti c u l arly 
in  near-su rface pos i ti on s . These  natural depos i ts are superi mposed by 
premound anthropogen i c accreti ons of varyi ng thi ckne s s . 

It i s  hypothes i zed that con s tructi on began duri ng the l ate Emergent 
Mi s s i s s i pp i an peri od ( A . D .  950) wi th the bu l k  of the present mound comp l eted 
by the end of the i n i ti a l phase of the Mi s s i s s i ppi an peri od ( A . D .  1 050) . Thi s 
wou l d  i nc l ude  the vast majori ty of the fi l l  to the north of the so-cal l ed 
fi rst terrace . Subsequent add i t i on s  conti nued throughout much of the 
Mi s s i s s i ppi an peri od unti l ca. A . D .  1 250 or earl i er .  These add i t i on s  
con s i s ted of a s equence of v e n e e r  c a p s  on t h e  thi rd a n d  fourth terrace s ,  
compl eti on o f  the fi rst  terrace , and a l so of s econdary mounds on the 
southeastern corner of the th i rd terrace and the western end of the fi rst  
terrace [ 7 ] . E l i te bui l di ng s ,  free-standi ng wal l s ,  and  l arge posts  have  been 
i denti fi ed through excavati on [ 8- 1 1 ] .  They are as soci ated wi th the uppermos t  
pl anar s u rfac e s . Toward the end of the Mi s s i s s i ppi an peri od a dome s t i c  
structure was present o n  t h e  fi rst  terrace s econdary mound wi th refu s e  
di stri buted around i t s peri phery ,  i nd i cat i ng t h e  great l y  d i mi n i shed ceremon i a l 
status of the fac i l i ty [ 1 2 ] . 

A number of cori ng and excavat i on proj ects have demon s trated that the 
mound i s  composed enti r e l y  of read i l y  avai l ab l e  earthen materi a l s [ 1 3-2 1 ] .  
Furthermore , i t  i s  ev i dent that there were deci s i on s  made as  to the s e l ect i on 

Fi g .  2 - The l ocat i on of the Great Knob wi thi n the Cahoki a Si t e .  



Fi g .  3 - Late ni neteenth 
century depi c t i on of the Great 
Knob.  

F i g .  4 - Topograph i c  map of 
the  Great Knob wi th s l umps 
i nd i cated . 
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and pl acement of materi a l s wi th i n  the mound . I ndeed , far from bei ng j u s t a 
pi l e  of d i rt ,  the Great Knob was constructed wi th mechani cal  and engi neeri ng 
con s i derati on s  i n  mi nd ; i n  other word s , detai l ed p l ann i ng was u s e d . 
I nternal l y ,  a s eri e s  of mas s i ve s i l ty-c l ay to c l ayey-s i l t  fi l l  uni ts  were 
emp l aced , wi th upper s u rface s  s l opi ng to the exter i o r .  I n  mos t  c a s e s  these 
were covered wi th coar s e r  mater i a l s that wou l d  have functi oned as i nternal 
drai n s  to remove atmospheri c water before i n fi l trat i on i nto the core 
sedi ments . Pudd l ed c l ay fac i ngs may a l so  have been present to faci l i tate 
runoff . Retai ni ng buttres s e s  were i ncorporated i nto the i nternal structure of 
the mound , as wel l as bei ng emp l aced externa l l y  a l ong the south ern and western 
peri pheri es [ 22-24] . 

The efforts expended on engi n eeri ng suggest an unders tand i ng of the 
prob l ems i nherent i n  earthen constructi ons of thi s magni tude i n  humi d ,  
mid-l ati tude c l i mati c reg i me s . The bas i c  prob l em concerns the materi a l s 
thems e l v e s . A s i gn i fi cant port i on of the mound mas s  i s  composed of smecti te 
c l ays wi th a h i gh s h r i nk-swe l l capaci ty and l ow hydrau l i c  conducti v i ty .  When 
wet ,  these c l ays d i s p l ace  more vol ume than i n  the d ry cond i ti on ,  whi l e  they 
contract and tend to c rack upon d ryi ng . The con s equences of repeated epi sod es 
of dryi ng and wett i ng are obv i ou s : They produce great i n stabi l i ty .  Gi ven a 
h i gh l oc a l  water tab l e  and an annual average of over 65 , 000 m3 of 
prec i pi tat i on on the s u rface of the mound , conti nual  water control was 
essent i al for mai ntenanc e .  

The degree of s u c c e s s  of the prehi s tori c engi neeri ng can be meas u red by 
the l ong-term s tabi l i ty of the mound . Wi th the excepti on of the prehi stori c 
s l umpi ng evi denced by the two east l obes on a s i d e  where no buttres s i ng was 
presen t ,  for a mi l l en n i um no maj or fai l ures occurred i n  spi te of the 
i n stabi l i ty of materi a l s and enormous  mas s and surface area of structure . The 
questi on i s  why i s  i t  fai l i ng now? 

In the j udgement of the au thors , the mos t  l i ke l y  s c enari o suggests that 
the rapi d sequence of recent fai l u res i s  associ ated wi th mod ern changes i n  
groundwater l ev e l s .  F rom the 1 940s to the earl y  1 960s , water u s e  by l ocal  
i ndustri e s  was of s u c h  a magn i tude that groundwater tab l es i n  the enti re 
northern port i on of the Ameri can Bottom were l owered drasti cal l y  to the poi nt 
where many we l l s  went d ry .  By the l ate 1 960s , water tab l e s  began to ri s e  
agai n due t o  recyc l i ng a n d  i nd u s tri a l  c l os i ngs a n d  wi th i n  a decade were 
approachi ng thei r former l eve l s .  I n  respon s e  to the i n i ti al dropp i ng of the 
water tabl e ,  the l ower core of the mound dri ed out for the fi rst  t i me ,  where 
prev i ou s l y  i t  had been wetted by capi l l ary acti on to a hei ght of up  to 1 0  m. 
Con sequent l y ,  th i s  porti on of the core contracted and probab l y  devel oped 
cracks at numerous l ocati ons . Thi s shri nki ng of the core wou l d  a l so have 
d i s rupted the i n tegri ty of hi gher parts of the con s t ruct i o n ,  i n c l udi ng the 
drai n s  and mas s i v e  fi l l  uni ts . The expan s i on of the core due  to rewett i ng 
exac erbated thi s prob l em .  Wi th the i n ternal drai n s  no l onger functi on i ng 
effi c i e n t l y  and c racks i n  the c l ay core , mas s i v e  fi l l  uni ts , and c l ay caps , 
i ntrusi on and retenti on of atmospheri c water i nc reased d ramati cal l y .  As a 
resu l t  of thi s i n s tabi l i ty ,  fai l u re and s l umpi ng occ urred . The preh i s tori c 
p l anni ng that had been s u c c e s s ful  for centu r i e s  had not taken i nto 
con s i derat i on modern changes i n  the water tab l e .  

Proposed Stabi l i zati on Remed i e s  

Ana l ys i s of the geotec hni cal  engi neeri ng data i nd i cated three areas i n  wh i ch 
acti on cou l d  be taken to stabi l i ze the c urrent mound confi gurati on : ( 1 )  
reduce the i n ternal s eepage pressure s ; ( 2 )  modi fy the mound geometry ; and /or , 
( 3 )  mechani cal l y  rest rai n the s l ope [25] . Hav i ng estab l i shed the broad er 
parameters wi thi n whi c h to frame a speci fi c remedy to the s l ope fai l ures , more 
detai l ed methods of i nterventi on were i nvesti gated for pos s i b l e u s e  [ 26] . 
Each of these methods i ncorporated one or more of the three s tabi l i zati on 
pri nci p l es noted abov e .  

A number o f  sol u t i on s  were based o n  the concept o f  " toe- l oadi ng" o f  the 
s l ump i n  wh i ch we i ght i s  phys i cal l y  added to the outward end of the s l ope to 
res i st movement . These methods vari ed from a comp l ex  benchi ng program to 
s i mpl e toe- l oad i ng .  Benchi ng the mound wou l d  begi n wi th the add i t i on of fi l l  
to create a base berm at l east  1 5  m i n  wi dth . S l op i ng fi l l  wou l d  be added to 
form the base for another berm hi gher up s l ope and so forth up the mound 
s i de s . A granu l ar d rai nage b l anket wou l d  be pl aced under the fi l l  to ensure 
drai nage . A vari ati on on thi s program wou l d  s i mp l y  add fi l l  to the mound 
surface to l es s en the ang l e  of the face thus c reat i ng a fl attened , more 
stab l e ,  s l op e .  Whi l e  hav i ng a h i gh s u c c e s s  potenti a l , these sol uti on s  wou l d  
create a severe i mpact on the mound ' s  v i s ua l  appearance . A mod i fi ed versi on 
of these techni q u e s  wou l d  s i mp l y  be the add i t i on of a toe-berm, about 1 5  m 
wide  and 6 m h i gh ,  around the base of the mound . Whi l e  the v i sual  effect 
wou l d  be l e s s ened , i t  wou l d  l eave the upper parts of the mound subject to 
l oca l i zed s l ump i ng .  
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Other proposed methods of restrai ni ng the movement of the mound base 
i nvol ved the con structi on of retai ni ng wa l l s .  Ti ed-back retai n i ng wal l s  are 
h e l d i n  p l ace by anchors dri l l ed back i nto the mound , whi l e  a more 
conventi onal wal l wou l d  be dug i nto the ground around the bas e .  Both types  
wou l d  requ i re the add i t i on of fi l l  to  protect the upper mound s l opes , i mpede 
al ready poor d rai nag e ,  and i nvol v e a great d i stu rbance of archaeo l ogi cal  
v i l l age depos i ts around the mound as  we l l  as of the mound matri x .  The v i s ual  
i mpact of retai n i ng wal l s ,  however , cou l d  be kept to a mi n i ma l  l ev e l . 

Mechani cal  restrai nt of the s l ope cou l d  a l so  be achi eved by phys i cal l y  
"nai l i ng" the mound matri x i n  p l ace o r  by rep l ac ement o f  some matri x .  Thi s 
cou l d  be done by dri v i ng or dri l l i ng pi l i ngs or pi ers through areas of s l ope 
fai l ure or potenti a l  fai l ure . Such structural features cou l d  range from c a .  
1 -m-wi de  crushed s tone col umns t o  5-cm cyl i ndri cal  rod s o r  ang l e i ron . A more 
drasti c measure wou l d  be to excavate and remove l arge port i on s  of the l ower 
mound fi l l  and rep l ace  i t  wi th crushed rock,  both to s trengthen the structure 
and as s i s t i n  drai nage . The advantage of nai l i ng or matri x repl acement 
techn i qu e s  i s  that they have no v i sual  i mpact on the mound and some , such as 
those i nc l udi ng crushed s ton e ,  a l so faci l i tate i nternal drai nage . Yet the 
i nternal damage to the archaeo l ogi cal  i ntegri ty of the mound wou l d  be severe 
i n  most  i n s tances . 

From the i ncepti on of the s l ope fai l ures i t  had been c l ear that the 
pri mary source of the prob l em was water saturati on of the mound matri x .  A 
number of propos ed sol u t i on s  thus  i ncorporated water removal techni q u e s  as  
ei ther a pri mary or s econdary aspect of thei r program . Pri mary drai nage 
techni ques  i nc l uded the u s e  of dewateri ng wel l poi nts , i n terceptor trenches 
and drai n s , s tone trenches , hori zontal drai nage tunne l s  or wi cks , and sand or 
wi ck drai n s . The most  ambi t i ou s  program cal l ed for the i n stal l ati on of 
numerous we l l  poi nts , both i n  and around the mound , to remove groundwater thus  
rel i ev i ng the i nterna l pore pre s s u r e .  Such a sol ut i on wou l d  i nc u r  l ong-term 
operati ng expen s e s , i nvo l ve d i s tu rbance of the mound and adj acent c u l tural 
depos i ts for e l ectri cal  and mechan i cal  sys tem i n stal l at i o n ,  wou l d  not 
strengthen the areas of s l ope fai l ure , and wou l d  proba b l y  have to be  u s e d  i n  
conj uncti on wi th some method of mechani cal  res trai n t .  

The excav at i on o f  deep i nterceptor trenches i nto t h e  zone o f  t h e  fai l ure 
p l ane wh i ch wou l d  be  fi l l ed wi th crus h ed stone and contai n d rai n pi pes wou l d  
accompl i s h two purpo s e s . The crus hed stone wou l d  strengthen the s l ope whi l e  
the d rai n s  wou l d  remove e x c e s s  water . I t  i s  a l so pos s i b l e that s i mpl e 
stone-fi l l ed trenches wi thout drai n s  wou l d  s erve the same purpos e .  As i n  many 
other method s , the i mpact on the archaeo l ogi cal  depos i ts and mound matri x 
wou l d  be very h i gh .  

Other dewateri ng methods that were more sympatheti c to the archaeo l ogi cal 
i ntegri ty of the s i te i n c l uded the i nstal l at i on of verti cal  or hori zontal sand 
or wi ck drai n s . Sand d ra i n s  are s i mp l y  1 5-cm-wi de , sand-fi l l ed bore hol e s  
that p a s s  through the s l op e  fai l u re pl ane a n d  s erve t o  carry off e x c e s s  
wat e r .  A fai r l y  n ew methodol ogy avo i d s  the neces s i ty of dri l l i ng through t h e  
u s e  of a s heath t o  i n sert syntheti c wi ck d rai ns i nto the soi l .  T h e  wi ck 
drai ns are on l y  1 0-cm-wi de  and 1 . 2-cm-thi ck.  L i ke the sand  d rai ns , they serve  
to carry off e x c e s s  water from the mound i nteri or . Both of these dewateri ng 
techni q u e s  appear to have the advan tage of be i ng l ow-i mpact sol u t i on s  to the 
prob l em of e x c e s s  groundwater.  Unfortunate l y ,  nei ther addres s e s  the need to 
strengthen the areas of present or future s l ope fai l ure s .  

I n  eva l uati ng the pos s i b l e  i mp l ementati on of any of these proposed 
sol u t i ons , pri ori t i e s  needed to be estab l i shed to gu i de our dec i s i on-maki ng 
proc e s s . I t  was c l ear from the outset that pres ervati on i n  p l ace through 
stabi l i zati on was our mi s s i on .  Gi ven thi s context , more speci fi c pri ori t i e s  
can b e  s ummari zed as  fol l ows : ( 1 )  The sol uti on cannot negat i v e l y  i mpact the 
archaeol og i ca l  i ntegri ty of the mound or associ ated v i l l age area , ( 2 )  shou l d  
mi n i mi ze v i sual  i mpacts , ( 3 )  mu s t  have a sound geotechni cal  bas i s and a very 
h i gh probab i l i ty of s u c ce s s , ( 4 )  s hou l d  addres s  both the cu rrent and future 
causes of s l umpi n g ,  and , ( 5 )  mu st  be economi cal l y  j usti fi ab l e .  

I n  add i ti on ,  i t  was c l ear from the geotechni cal  stud i es that though the 
s l ump i ng was pri mari l y  due to excess  pore water pressures  acti ng on the 
fai l ure s urfac e ,  our l ack of knowl edge about the groundwater cond i t i on s  a l ong 
that s u rface cou l d  not e n s ure that d rai nage a l one wou l d  be  a s uffi c i ent 
remedy . The engi neers recommended that some form of mechani cal  stabi l i zati on 
be u s ed i n  comb i nati on wi th a d rai nage techn i que  for greater rel i abi l i ty .  

Based on these pri ori t i e s  techn i qu e s  s u c h  as s tone pi ers and col umn s , 
retai n i ng wal l s ,  matri x repl acement , and i nterceptor trenches were rej ected 
becau s e  of the exces s i ve d i s tu rbance to the archaeo l ogi cal  depos i ts and the 
l arge amount of mound matri x that wou l d  need to be removed . The negat i ve 
v i sual  i mpact of the add i t i on of l arge amounts of fi l l  and d rasti c changes to 
s l ope ang l e s  ru l ed out benche s , s l ope fl atten i n g ,  and toe berms . Hel l poi nt 
dewateri ng was con s i d ered to be too expen s i ve and of uncertai n val u e  due  to 
the l ow rates of hydro l ogi c conducti v i ty wi th i n  much of the mound matri x .  
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The u s e  of a sys tem of wi ck drai n s  and smal l d i ameter soi l pi n pi l e  
patterns appeared to be a potenti a l  sol uti on . Thi s combi nati on s eemed to 
answer a l l of ou r needs wi th a mi n i ma l  i mpact on the archaeol ogi cal  resources , 
i . e . , no v i sual  i mpac t ,  sound engi neeri ng addres s i ng both the remova l  of 
excess water and prov i d i ng mechan i cal  restrai nt , and economi c feas i b i l i ty .  
Further detai l ed p l anni ng o f  thi s sys tem was authori zed . 

Both the wi ck d rai n s  and pi n pi l es are new techni ques i n  the Uni ted States 
wi th few contractors hav i ng the experti s e  or equi pment to perform the work . 
To be mos t  res i s tant to deteri orati on , pi n pi l es cons i s t i ng of epoxy-coated 
steel rod s or ang l e s  are p l aced i n  predri 1 1 ed 1 5- cm hol es and pressure grouted 
wi th 3000-4000 p s i  concrete . Maxi mum effi c i ency i s  gai ned when pi l es are 
c l u stered i n  speci fi c l ocati ons t i ed together at the surface wi th a 1 . 2- x 
0 . 9-m concrete cap . These c l u s tered pi n pi l es mu st  achi eve a dens i ty of one 
per l i neal 0 . 3  m of cap and mus t  reach b e l ow the mound fi l l  i nto the natural 
subsurface c l ays and s ands , i . e . , over 1 5  m i n  some cases . At l east  two 
conti nuous wa l l s  of pi n pi l es wou l d  be necessary to s tabi l i ze the current 
s l ump areas . The data on hand were not s uffi c i ent for the engi neers to 
i ndi cate a more spec i fi c  pattern for the wi ck drai n i n stal l ati on beyond that 
of an arbi trary gri d l ayout contai ni ng about 1 , 000 wi ck d rai n s . Maj or 
constructi on berms wou l d have to be p l aced on the mound face to enab l e the 
equi pment to p l ace the pi n pi l e  wal l system and wi ck d rai n s . E s t i mated cos t 
for stabi l i zati on of the major west s l ump was approx i mate l y  one mi l l i on 
dol l ars and s even hundred thous and dol l ars for the smal l er east s l ump . 

Conc l u s i on s  

T h e  archaeo l ogi c a l  res earch at t h e  Great Knob made i t  apparent that t h e  mound 
was e s s enti a l l y  comp l eted i n  the s hort time span between A . D .  950 and A . D .  
1 050 and was l arge l y  compri sed o f  mas s i ve fi l l  uni ts  rather than smal l 
add i ti ve l ayers . It was a l so  d i s covered that an i nternal system of 
buttres s i ng and d rai nage p l anes , as wel l as external buttres s e s , had been 
i nc l uded as part of the ori gi nal mound de s i gn .  The exami nati on of the 
hi stori cal  documentati on had i mportant res u l ts . Despi te exi sti ng fol kl ore 
suggest i ng that past eros i on ,  deforestat i on , c u l ti vati on , and other factors 
had d ramati c a l l y  a l tered the mound ' s  s hape , our study showed there had been 
l i tt l e change s i nce  i ts depi c t i on i n  the ear l y  1 BOOs .  

The engi neeri ng s tudy col l ected i nformati on from a number of sources 
i nc l ud i ng cores , backhoe trenches , and p s i ometer and i nc l i nometer tests . Thi s 
study col l ected data on groundwater content and d i stri but i on , matri x materi a l  
characteri zati on , mound stabi l i ty ,  a n d  prehi s tori c con s tructi on techni ques . 
Unfortunat e l y ,  the data were not speci fi c enough to determi ne  the prec i s e  
cau s e  of t h e  s l ope fai l ures , a l though i t  was c l ear that t h e  u l ti mate prob l em 
was water s atu rated soi l .  Based on thi s general i n formati on ,  a seri es  of 
engi neeri ng sol u t i o n s  were proposed to stop the s l umpi ng .  These proposed 
methods were i n  turn eval uated as  to thei r i mpact on the Great Knob as an 
archaeo l ogi cal  database and archi tectural monument .  

The i s sues  taken i n to con s i derat i on i n  determi n i ng a cours e of acti on 
i nc l uded the i mportance of the mound as a data source on prehi s tori c c u l ture 
hi story and con structi on techni ques , as "monumental archi tecture , "  i t s 
i nterpreti ve and symbo l i c  val ue i n  presenti ng the s i te to the publ i c ,  and i ts 
v i sual i mportance as part of the preh i stori c an� modern c u l tural l ands cape . 
Our pri mary d i l emma i n  determi n i ng a course of acti on focu sed on the fact that 
a 1 1  of the engi neeri ng opti ons to " save" or " preserve" the mound appeared to 
have a more negat i v e  i mpact than fol l owi ng a " no act i on "  course . I n  
comparab l y  eval uati ng these often confl i cti ng val ues w e  bel i eve that , for the 
mome n t ,  the preferred approach i s  to manage pas s i v e l y  the s l umpi ng unti l a 
permanent sol ut i on to the prob l em can be found . In the meanti me ,  the IHPA has 
conti nued to mon i tor the s l ump zones both v i sual l y  and i n s trumenta l l y .  I n  the 
a l most f i v e  years s i nce the i n i ti a l onset of the mas s i ve west s l ump there has 
been no movement . Gi ven thi s apparent stabi l i zat i on i t  i s  evi dent that , i n  
th i s  i n stan c e ,  the pas s i ve management dec i s i on ,  when coupl ed wi th exten s i v e  
support i ng engi neeri n g ,  archaeol ogi ca l , and hi s tori cal  documentati on ,  h a s  been 
succes s fu l . 
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ABSTRACT 

The purpose of this paper is 
to inform you of our recent 
experiences in the use of or
ganic aglutinating substan 
ces as an alternative to the 
use of plastic chemicals in 
the preservation of the ear
-then architecture at the site 
of Chan Chan, the capital of 
the Chimu Empire (9th - 15th 
C. A.D. ) .  The subjects 
addressed will be surface 
consolidation, structural 
reinforcement, and the pro
tection of the tops of walls . 
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A partir de 1974 , el INC y la UNESCO, han efectuado labores de conservacion en 
Chan Chan. Por falta de recursos tecnicos y financieros estas han sido , en su 
generalidad, llevadas a cabo a nivel emplrico en el mismo monumento , sin tener 
la posibilidad de realizar un control sistematico y riguroso, ni los analisis 
flsico-qulmicos in situ. 19ualmente, estas limitaciones no han permitido imple 
mentar programas:rntegrales de conservacion y prevencion. No obstante , la expe 
riencia de campo ha aportado conocimientos y soluciones al problema de conser� 
vacion, con resultados muy positiv�s que son materia de este documento. 

FACTORES DE DEGRADACION 

Un complejo conjunto de facto res de degradacion se presentan interactuando per 
manentemente en Chan Chan ( 1 ) .  Su proximidad al mar (1000 m. de distancia) fa 
vorece una fuerte concentracion de sales higroscopicas transportadas por los -
vientos y depositadas sobre las estructuras (0.54% ClNa-O.Q9% S03Na) (2) ; es -
tas tambien se encuentran contenidas en los materiales de las edificaciones 
(0.84% ClNa/0.74% S03Na prom. ) (3)  y en el subsuelo (36 . 48/67.53 milhimos/cm) 
(4) . Las sales se activan con la humedad relativa ambiental (84%) (5 ) ,  las pre 
cipitaciones pluviales (garua, lluvias) y la fluctuante napa freatica , que , en 
combinaciOn con los cambios termicos , causan danos irreversibles en el monumen 
to: Formacion de costras , eflorescencia y cristalizacion de sales y finalmente 
exfoliacion. Ademas , la humedad ambiental favorece la formaciOn de llquenes , y 
las precipitaciones pluviales , particularmente las clclicas de caracter torren 
cial , producen severos efectos erosivos y causan empozamientos al interior de 
los recintos .  Ademas, debido a la ausencia de una barrera rompevientos natural 
la violenta accion erosiva eolica desvasta mayormente cabeceras y paramentos 
de cara al lit�ral.  

Finalmente, a estos factores se anaden, la mala calidad de albaftilerla de cier 
tas estructuras , un suelo de soporte debil con resistencia diferencial en algu 
nos sectores (basado fundamentalmente en rellenos artificiales de basura y de 
sechos de construccion) y las vibraciones imprevistas de los movimientos tecto 
nicos que han causado mas de un derrumbe y trituracion de muros. (6)  

CONSERVACION DEL MONUMENI'O 

Antecedentes 

Los programas de conservacion se orientaron a controlar el proceso de deterio
ro y la accion de los agentes naturales teniendo los siguientes niveles de in
tervencion (7) : 

a. Refuerzos estructurales . 

b. Proteccion de cabeceras de muros como punta crltico en la preservacion de 
estructuras mediante la aplicacion de una capa de mortero estabilizado compues 
to de : Arena gruesa y tierra (2 : 1 )  y Mowilith DM-lH (Acetato de Polivinilo en 
Solucion) al 5% y 10% en agua. El objetivo fue obtener una capa poco permeable , 
resistente a la erosion pluvial y al temperismo , complementado con pIanos in -
clinados para facilitar el discurrimiento pluvial hacia sectores del muro me -
nos comprometidos con decorados en relieve. 

c. Consolidacion a nivel de fijacion de enlucido-muro y relieve-enlucido , me 
diante Mowilith DM-lH al 5% en agua; y la fijacion de superficies y policro � 
mias con Silicato de Etilo 40 disuelto en alcohol etllico de 96% y acido clo -
rhldrico. Previamente se habla experimentado con soluciones acrllicas , Aceta -
tos de Polivinilo, Metracrilato, Nylon Soluble, etc . 

d. Instalacion de una red de drenaje para la evacuacion rapida y eficaz del 
agua pluvial . 

Las lluvias torrenciales del ano 83 sometieron a la mas dura prueba este tra -
tamiento, el que en su generalidad arrojo una respuesta favorable. La capa de 
proteccion de cabeceras impidio la absorcion y filtraciones de humedad al inte 
rior de las estructuras y anulo la accion de las sales depositadas en elIas . -
Las superficies tratadas a base de Silicato de Etilo 40 no presentaron erosio
nes. De otra parte , se evitaron danos por humedad capilar debido a un eficaz 
funcionamiento de la red de drenaje instalada en el Templo Arco Iris. Sin em 
bargo, los consolidantes qulmicos de naturaleza plastica presentaron inconve� 
nientes : 
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a. Su empleo en superficie form6 una pelicula impermeable p�r efecto de una ra 
pida evaporacion, que finalmente se exfolio debido a la accion de la humedad y 
las sales contenidas en la estructura. 

b. En las cabeceras de muros se crearon varios problemas . La impermeabilidad 
de esta capa anulo la capacidad de respiracion del muro y evaporacion de la hume 
dad contenida, produciendose activacion de sales higroscopicas bajo esta con de 
terioro del original . Su rigidez y poca capacidad de absorcion, formo , de un la 
do , una resistencia diferencial con el original ; y del otro, un incremento de -
la velocidad del discurrimiento pluvial ,  que , acentuado p�r los declives natura 
les 0 artificiales, produjo una severa erosion en el punto de contacto entre am 
bas superficies y determinados sectores de las estructuras . 

-

Intervencion 1987-89 

La experiencia prevista nos condujo a reformular algunas acciones de la inter -
venci6n y a plantear nuevas alternativas , particularmente en relacion al tipo 
de consolidante ; partiendo de la consideracion que el tratamiento no debe anu -
lar las propiedades de permeabilidad de las estructuras , y debe contar con re -
sistencia al intemperismo . De tal manera , era preciso emplear un consolidante 
con propiedades de cohesion, plasticidad y resistencia a la compresion y que 'permi
ta mantener la porosidad de los materiales . 

Los criterios de intervencion, ademas de los predichos inicialmente , incluyeron : 

a. Considerar el caracter irreversible de los consolidantes quimicos de natura 
leza plastica y su efecto en la estructura molecular del barro. 

-

b. Emplear sustancias consolidantes compatibles con la naturaleza del barre y 
las condiciones basicas de un adecuado tratamiento de conservacion. 

c .  Orientar la intervencion hacia un tratamiento mec§nico de proteccion y 
prevencion contra agentes naturales. 

1. Materiales 

Como sustancia consolidante , optamos p�r emplear mucilago de tuna (Qpuntia ficus 
indica) usado tradicionalmente en las construcciones de tierra y en la restaura 
ci5n de Chan Chan en los anos 60. Previamente apreciamos que esta sustancia ha 
tenido una buena respuesta como aditivo en morteros para recomposiciones de fri 
sos en Tschudi , y no ha producido problemas de alteracion del material . 

-

Los mucilagos son esteres de acido sulfurico (polisacarido complejo) ,  conteni -
das en las celulas vesiculares de los tejidos parenquimaticos de la Tuna. Son 
insolubles al agua , pero tienen capacidad de absorverla y retenerla ; en contac
to con esta forman soluciones viscosas . Complementariamente las pectinas que se 
relacionan inti mamente con elIas y las gomas , forman sustancias coloidales que 
se convierten en jaleas . (8)  

Esta sustancia mucilaginosa , tiene propiedades de conglomeracion, ademas inhibe 
y selecciona germenes , p�r 10 que su uso favoreceria la consolidacion de mate -
riales y se evitaria la formaci6n y proliferacion de bacterias y liquenes . 

La extraccion de mucilago se efectua de la siguiente manera : 350 gr . del inte -
rior de la hoja cortada , remojada en 0.5 Its. de agua natural durante 24 hrs . Es 
ta sustancia se mezcla con agua natural al 5%-10% a fin de rebajar su densidad 

-

y lograr su aplicacion y buena penetracion en el muro (3 cm. promedio ) .  Su tiem 
po de utilidad se extiende a solo 48 hrs . a partir de su remojo inicial ; pasado 
este tiempo , sus celulas entran en estado de descomposicion y pierde el 85% de 
su viscosidad. 

Esta sustancia , en solucion al 5%, ha side empleada como consolidante y como adi 
tivo para morteros , en las proporciones siguientes : 

-

Cuadro 1 

TIPO DE MORTERO 

- R£'sarH�s enlucido! a 
- Resanes enluridos b 
- Resanp5 Fnlucidos c 
- Asentado de �dobes 

- Estu(o 
- Capa Pratec . Cahpc�ras 

Arr i l l a  

gr. 

33� 

Ti�rra 

33�. 

333 

333 

333 

333 

! t) Proporri ones e5ti�adas can un targeT! de error . 1  10! 

PRGPORCI DNES MATER!�L ( t ) 

Arena Find �rena SruE'Ser Cord iti!1o  Muc11agn 51 
gr . gr.  (Piedra 5 �l . ) I t .  

9r . 

bbb O.2S 

999 0 . 25 

bbb 0.25 

bob 

b06 333 0 .. 25 
bbb m n 0< ... ... .J 
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2. Tratamiento : 

Los niveles y procedimientos de la intervencion continua ron siendo los mismos , 
con modificaciones parciales que se indican en cada rubro. 

a. Refuerzos Estructurales : 

Tuvieron los siguientes lineamientos: Consolidar y estabilizar la estructura co 
lapsada 0 en proceso; anular la exposicion del interior de la estructura a los 
fenomenos del intemperismo; y ,  crear barreras rompeviento y clausura de accesos 
no originales como medida de prevencion ante la fuerza erosiva eolica y el 
trans ito indiscriminado del turismo. 

El procedimiento consistio en la limpieza de los escombros y la eliminacion de 
los materiales salinos y sueltos. Se efectuaron calzaduras de las bases, ademas 
de recomposicion de los vaclos y reforzamiento de cabeceras. Los paramentos fue 
ron elevados hasta alcanzar el nivel de estas , dejandolos aptos para el trata� 
miento de proteccion. Se utilizaron adobes de forma y composicion semejante a 
los originales , y la tecnica de albanilerla siguio el patron arqueologico em -
pleando mortero segUn las proporciones dadas en el Cuadro 1 .  Las superficies 
de las partes agregadas fueron cubiertas con un estuco que incluye confitillo y 
mucilago (Cuadro 1 ) ,  con 10 que se obtuvo una superficie bastante plastica y ru 
gosa que se integra, sin confundirse con el original . 

-

La intervencion tambien considero la reposicion de secciones de paramentos des 
plomados , mediante el uso de puntales que iban devolviendolas paulatinamente a 
su posicion original . Se utilizaron llaves de amarre de algarrobo y adobe ( se
gUn el caso) , ademas de mortero, con el proposito de fijarlos a la estructura 
solida. 

Como medida de prevencion contra la accion eolica , se levantaron al�os muros 
orientados de Este a Oeste, hasta la altura de la evidencia arqueologica; de 
tal manera se devolvio la barrera rompeviento original que protegla un impor -
tante sector decorado del palacio Tschudi . 

b .  Proteccion de Cabeceras de Muro : 

Intervencicn destinada a controlar filtraciones , excesivo humedecimiento, ero 
si6n pluvial ,  penetracion de sales higroscopicas y la abrasion eolica en las

-
ca 

beceras originales. Ademas de los criterios referidos anteriormente al uso de
consolidantes , la intervencion se oriento a anular los fuertes planos inclina -
dos , adecuando las cabeceras de manera tal ,  que permitan una distribucion homo 
genea del agua de lluvias , con una absorcion y discurrimiento normal en toda Ia 
extension de la estructura, eliminando con ello, su concentracion y fuerza era
siva. 

El procedimiento consistio en la preparacion de la superficie original luego de 
la eliminacion de materiales sueltos , costras , y el material del tratamiento an 
terior. Se extranjeron las sales con papetas de papel absorbente humedecido con 
agua destilada y alcohol al 5%, y se consolidaron las superficies con mucl1ago 
al 5%. Posteriormente se aplic6 la capa de protecciOn, consistente en uno 0 dos 
tendidos de adobes modernos , y sobre esta, el mortero de barro con mucl1ago al 
5% (Cuadro 1 ) .  Una vez deshidratada , se cubrio la superficie con un aguaje de 
arcilla bastante l1quida, con el objeto de eliminar la porosidad gruesa produ
cida por la presencia del confitillo; asl como para uniformizar el color de la 
superficie del conjunto trabajado. Esta capa, de naturaleza reversible , es la 
que resistira los embates de la naturaleza, previniendose, asl , la degradacion 
del original . 

En los casos de muros decorados con rombos , solamente se coloc6 una capa de ado 
bes, siguiendo el diseno de la decoracion, y tinicamente en donde se presentaron 
buenas condiciones de estabilidad y resistencia estructural .  Esta capa, actuan
do literalmente como una cubierta, reemplaza al mortero de proteccion, siendo 
tambien, totalmente reversible. 

c.  Consolidaci6n de Enlucidos y Relieves : 
Considera . la adherencia de estucos y relieves desprendidos 0 en proceso al muro 
soporte ; y ,  el resane de grietas y vaclos. 

Efectuamos inicialmente la limpieza general de las superficies , retirando el ma 
terial grueso de escombros, las chorreras y adherencias finas acumuladas por 
deslizamientos de barr�. Las sales se eliminaron con la misma tecnica descrita 
para las cabeceras. Los desprendimientos fueron adheridos al muro mediante in
yeccion de mucl1ago en solucion al 5%-10%; y tambien insertando mortero con mu
cl1ago bastante licuoso. 

De otra parte , las grietas y vacios fueron resanados con mortero (Cuadro 1 )  a 
plicado en dos capas y humedeciendo previamente el area con mucl1ago. La prime 
ra con arena gruesa, dejando una textura irregular a fin de facultar la adhe � 
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rencia de la segunda ; y luego esta , con materiales finos , a la que se Ie dio un 
acabado de textura regular luego de la deshidratacion. 

d. Proteccien de Estructuras : 

La medida adoptada para evitar la degradacion por factores medio-ambientales y 
tambien de orden turistico, fue la proteccian de los paramentos de banquetas y 
las rampas con un muro moderno a distancia de 0.20 mts. respecto al original , y 
una capa de adobes , respectivamente . De otra parte , los pisos arquitectOnicos 
fueron protegidos con su propio material de escombro, cuyas superficies se ade
cuaron con pIanos inclinados hacia puntos centrales alejados de las estructuras 
a fin de que el agua evacue hacia espacios abiertos y no se acumule contra los 
muros . Esta intervencion es complementaria a la red de drenaje. 

OJMENTARIO 

Llegar a conclusiones sobre la respuesta del tratamiento general y el comporta
miento del mucilago a los tres anos de la intervencion, es bastante prematuro. 
Sin embargo , informaremos sobre los resultados de corto plazo bajo condiciones 
climatologicas normales . 

Los refuerzos estructurales han solucionado problemas de estabilidad de muros , 
y se ha logrado una efectiva proteccion de la estructura interna expuesta por 
derrumbes y otros . De otra parte , la proteccion de paramentos con muros moder
nos , ha garantizado la prevencion de danos por intemperie y permitido sa�isf� 
cer exigencias de orden turistico , por cuanto se mantiene la configuracion a£ 
quitectonica del sector intervenido . 

El tratamiento de las cabeceras ha sido optimizado , aunque no se presenta como 
una solucion concluyente . La ventaja de esta tecnica en su conjunto , es que 
mantiene la permeabilidad del muro, debido a que el mucilago no altera la poro 
sidad de los materiales. De esta manera, la inevitable migracion y cristaliza= 
cion de sales contenidas que se produce en el nivel superior de las cabeceras 
afectara solo los materiales modernos que pueden ser facilmente reemplazados . 

La anulacian de los pIanos inclinados ha permitido evitar la concentracion y 
evacuacion peligrosa del agua y las fuertes erosiones en determinados puntos 
de la estructura , habiendose dado mas bien, una absorcion homogenea en toda la 
superficie de las cabeceras debido a su capacidad de permeabilidad; facultad 
que , agregada a la ausencia de rigidez , ha evitado las erosiones a nivel del 
contacto entre la capa de proteccion y la superficie original , asi como tam _ 

bien un discurrimiento acelerado y total del agua pluvial que conllevaria acu
mulaciones en las bases de muros y una consecuente accion capilar . 

El inconveniente que presenta este mortero en el tratamiento de estructuras , es 
su relativa resistencia a la erosion pluvial.  Las mezclas que incorporaron muci 
lago como mordiente respondieron mejor a las lluvias estacionales normales ; 56 
10 se presentaron leves erosiones con un minimo de perdida de material fino . -
Por 10 tanto debemos preveer su poca resistencia frente a lluvias de caracter 
torrencial que debera ser salvada con elementos eventuales de proteccion (te _ 

chumbres portatiles , plasticos , etc . ) .  

En cuanto al tratamiento de superficies , la adherencia de enlucidos y relieves 
al soporte ha dado resultados positiv�s • Los resanes de grietas y vac10s han 
complementado la adherencia de superficies y subsanado posibles filtraciones al 
interior de los muros . En 10 que respecta a la consolidacion de las superfi _ 

cies, solamente se efectuo un ensayo en el Palacio Tschudi consistente en la 
aplicacion de mucilago al 5% con brocha directa. Inicialmente se produjo un 
cambio de color , sin embargo en un corto tiempo fue retornando paulatinamente 
a su tono original . 

En general , el tratamiento de estructuras y superficies con mortero mucilagino 
so, ha demostrado buena resi,sltencia a la abrasion eolica. Queda por experimentar 
10 correspondiente a sus cualidades patologicas en la generacion de bacterias 
y Hquenes. 

Como corolario final indicamos que el mucilago es compatible con el adobe de 
Chan Chan. Como sustancia consolidante no forma peliculas impermeables , cohe _ 

siona y da resistencia a los materiales. Ademas permite reiterar la aplicacion 
de la sustancia en la misma zona tratada , asi como el empleo de otro consoli _ 
dante . Estas cualidades son favorables debido a que el mucilago pierde sus pro 
piedades de cohesion luego de un tiempo (no conocido) ,  obligando a repetir el

tratamiento . 

En vias a mejorar el tratamiento en relacian a la resistencia del consolidante , 
se han venido desarrollando pruebas de laboratorio con mucilago al 5 , 10, 20 , 30 ,  
40 y 50% en agua , mediante diversas tecnicas de aplicacion, sobre adobes salina:; 
y sin contaminacion. En principio se observa una buena receptividad de la sus
tancia en ambos . A medida que se aumenta el porcentaje del mucflago , se incre -
mentan la densidad de la solucion y la resistencia de la superficie . Pero , la 
absorcian es mas lenta (alcanzando siempre 3 cm. promedio) y se produce una al 
teracion inicial del color . Estas muestras toleraron tambien la penetracion de 
solucion de Silicato de Etilo 40, y se comprobO , una vez mas, la inalteracion 



Site Preservation 229 

de la porosidad, debido a que fue posible la extraccion de sales contenidas me 
diante papetas . En la btisqueda de soluciones , ambos consolidantes bien pueden
utilizarse en niveles de tratamiento complementario . Estas pruebas aUn estan 
en observacion. 

En 10 que a medidas de prevencion se refiere, seguimos considerando de priori
dad la instalacion de un sistema de drenaje por el potencial pluvial clclico 
que ocurre con una frecuencia de 7 a 25 anos , no obstante , aUn subsiste el pro 
blema de su implementacion p�r los restos arquitectonicos y culturales subya-
centes. Solo ha sido posible la instalacion de pozos colectores en el sector -
de tumbas del palacio Tschudi , debido a la inexistencia de vestigios cultura
les bajo estas . 

De otra parte , la instalacion de una barrera rompevientos vegetal propuesta en 
la zona de la playa para contrarrestar la accion e6lica, no traerta efectos fa 
vorables al monumento . La velocidad y fuerza e6lica contratda p�r la mecam.ca
de su desviacion ocasionarta mayores danos . Solo serta efectivo si se implemen 
ta una serie de barreras a traves de la zona urbana arqueologica , 10 cual ob-
viamente es imposible . En este sentido , hemos optado por recomponer las gran 
des mural las perimetrales , e interiores de los palacios (orientadas E-W) a ma� 
nera de rompevientos , que han aminorado significativamente la fuerza y acci6n 
erosiva eolica. 

CXlNCLUSIONES 

1 .  El tratamiento a base de Muctlago de Tuna Brava , se asume como una alterna
tiva al uso de consolidantes de naturaleza plastica , por sus propiedades de 
aglutinamiento , porosidad y plasticidad. 

2. Se debe precisar un mantenimiento minucioso y permanente del monumento como 
una de las medidas preventivas de mayor importancia para su conservacion. 

3 .  Implementar un programa integral de conservaci6n y prevencion permanente , 
que debe considerar la instalacion de laboratorios para anal isis ftsico-qutmi
cos in situ , que promueva el conocimiento de la problematica de Chan Chan Y ga 
rantice soluciones mas eficaces para su conservacion. 

-
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ABSTRACT 

Ancient Panj ikent (AD 5-8th 
c ent . ) ,  s i t uat ed s ome 5 5  km 
east of Samarkand , has b e en 
under excavation from some 
forty years . An excavat ed 
area of some 6 hectares , 
has yielded a t own with 
hundreds o f  two-st oried 
houses , a ruler ' s palac e ,  
two t empl es ,  street s , and 
bazaars encircled by city 
walls .  The mud-bri ck and 
adobe (vakhs a )  buildings 
o f  Panj �kent which o rigi
nally reached a height o f  
some 1 0- 1 2m ( pres erved u p  
t o  about 7m) , w ere decora
t ed with murals and s culp
tures that have now gained 
worldwide recognition. 
There exis t  enormo u s  prob
l ems of cons ervation and 
exhibition at Panj ikent . 
These " involve the creation 
of an op en-air mus eum, l ike 
that at Pompei , where vi
s it ors may be introduced 
to the t own as a who l e .  
This fascinating work and 
the resolut ion of thes e 
problems would greatly b e
nefit from int ernat ional 
cooperat ion .  

KEYWORDS 

Sogdian civilization , Silk 
Rout e ,  dead city , op en-air 
mu s eum. 

Fig . 1 .  Fa9ade of the 7 th 
hous e dismant el ed from 
additional mud-brick ma
sonry (l:!arly 8th c entury ) .  
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PANJIKENT ; A PRE- ISLAMIC TOWN IN CENTRAL ASIA 

Dr . Boris Marshak 
The Stat e  Hermitage Mu s eum 
1 9 1 065 Leningrad 
USSR 

Panj ikent is one of the mo st important C entral Asian archaeo 
logical sites . The city of Panj ikent i s  in Tadj ikistan ( the 
Tadj ik Sovi et Social ist Republ i c )  and is s ituat ed some forty 
miles eas t of Samarkand . Panj ikent exi sts today and is lo cat ed 
on the Z erafshan river . Ruins of early medi eval Panj ikent were 
di scovered on the hills south of the modern t own . (Be1 enizki , 

1 980 ; Azarpay , 1 98 1  ; B el eniz ki , Marshak , 1 97 1 ) .  

S inc e 1 946 about a half of the city datable t o  the eighth c entury 
A . D .  has b e en excavated by Soviet archaeologist s .  Panjikent was 
founded in the fifth c entury . Some buildings ( part of defensive 
city walls and two large t emples with their spac ious yards ) 
were cons truct ed towards the mid-fifth c entury A . D .  There are 
al so some ho u s es of the s ixth t o  s eventh c entury A . D .  The 
wall ed t own ( excluding the citadel ) encompassing an area of 1 3 . 5  
hectares was very crowded with narrow s treet s framed with rows 
of shops and even vault ed all eys . Houses of wealthy p eopl e w ere 
two t o  three stories and had many rooms and principal hall s ,  
res embling miniature palac es . Now the height o f  their ruins 
reaches 6 to 7 met ers . 

One third of hou s es w ere onc e adorned with s up erbly execut ed 
paint ings and no l es s  skillful wood carving . About 722 A . D .  some 
houses were burned by the Arab conquerers and wooden b eams , pa
nel s ,  statues became carbonized.  

Panj ikent demons t rat es the highest point o f  development of the 
pre-Islamic cult ure of Sogdiana . Sogdian merchants cont rolled 
t rade and commerce along the "Silk Rou t e �' the main art ery of 
communi cation between the West and the East . The excavat ions of 
Panj ikent have a wor� d importanc e b ecause it is now the most 
st udied t own along the anc ient s ilk roads . 

Wall s  of all buildings and vaults of som� ground floor rooms 
w ere constructed with mud bricks and pise ( or us ing a lo cal 
t erm pakhs a ) . Aft er excavation of these walls it is very dif
ficult to pres erve them. Panj ikent was declared to be open-air 
mus eum more then t en years ago . Thousands of t o urists from many 
co unt ries are visit ing the s it e .  rtowever , we are at very b e
ginning o f  the work of establishing a real mus eum. 

Fig . 2 .  Vault ed all ey with the walls from pise divided into 
large blocks . 



Fig . ) .  Ground floor room 
with its vault . Early 8th 
c entury . 

Fig . 4 . Lobby with two doors 
and two windows for the 
stair-cas e .  Early 8th 
c entury . 
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I am an archaeologist and not a t eclUlical specialist and so in 
my paper I want only t o  show our probl ems for chall enging the 
specialists who . I hop e ,  can solve them .  There are some destruc
tive natural agent s like rain and snow , ground wat er with sal t s  
and instability of half-ruined construct ions . Now w e  must remove 
all s culpt ures and mural s paint ed upon clay plas t er .  The Hermi
tage restorers have their own methods of cons ervation and 
removing of Panj ikent murals , clay s culpt ures and burned wood 
carvings . They use PBIIlA for reinforcing the mural s before re
m�ing and paraffin to strengthen charcoal ( Kos trov, 1 9 5 4 ) .  

Ano ther problem is an esthetic one . It s eems nec essary t o  b e  ve
ry careful with introduct ing modern roofs of concret e ,  plastiC , 
glas s and metal for pro t ect ion of ruins b ecause thes e mat erials 
inevitably des troy the effect of a dead city res embling Pompei . 

There are three ways to pres ent the struct ures to the public : 
1 . As ruins prot ected from further destruct ion without 
el ement s of the reconstruction . 
2 . 4.s partly recons tructed buil dings ( with art ificially 
reinforced construction and wall mat erial s )  which would 
be open for vis it ors . 
) . As roofed buildings with mu seum exhibit s inside open t o  
guided to urs . 

There are also s o  awkward obj ects as the unpaved street s and 
the city walls ( their height is about 7 met ers in pres ent con
dit ion ) . 

The experience of more than forty years of excavat ions has 
shown us that the walls w ere pract ically invulnerable if pro
t ec t ed from the effects of moisture . The wallS of the main hall 
of Temple I built in the fifth century w ere in good condition 
until 7 22 A . D .  The hall had only three walls and was opened to 
the columned portico facing the outside . The unfired clay re
liefs dating from the 6th c entury A . D .  in the portico of Temple 
II also w ere in good condition unti l  the early 8th century . Now 
for prot ecting a wall we u s e  only some rows of additional mud 
brick masonry above its remnants and the addit ional clay 
plast ering of its lower part . 

For walls  which are to be excavat ed lat er we mu st u s e  s everal 
methods o f  prot ection including new masonry above ruins , chemi
cal reinforc ement of old bricks and plast ers , insertion o f  
special framework into construct ions and special drainage 
syst ems . During restoration of the buildings which had b e en 
excavat ed decades ago it would b e  po ssible to reconsru ct the 
damaged s urfac e using do cumentary drawings and pho tographs . In 

Fig . 5 .  Room with pise walls . Half-columns w ere c arved in pis e 
blocks . Early 8th cent ury . 
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Fig . 6 .  Two-stori ed hous e .  
B el ow a vaulted ground 
floor room. Early 8th 
c entury . 

Fig . 8 .  Lion-throne of the 
Goddess Nana . Clay stat u e . 
7th c entury . 
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Fig . 7 .  Ornamental mural . 6 th c entury . 

this cas e it would be also u s eful to make new bricks and 
plas t er from clay with some kind o f  modern special long-last ing 
mediums . It could b e  dangerous t o  keep murals and sculpt ures ill situ which may be replac ed with modern replicas becau s e  now 
we have no way t o  make originals strong enough in the climat i c  
conditions of C entral Asia . In Panj ikent there are dry hot 
s ummers and cold snowy wint ers . It would b e  u s eful t o  search for 
the best way of preparing exact and long-lasting copies from 
mo dern mat erial s . 

Our probl ems are too s ophist icat ed to be so lved without collabora
t ion with our foreign colleagues . The great importance of the 
site i t s el f  and the possibility of t est ing many scientific 
approaches and t e chnical means mu st be stressed. I think it 
would b e  b eneficial t o  establish an international cons ervation 
program for Ancient Panj ikent , the main artistic c ent er of the 
Silk Ro ut e civilizat ions . 
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ABSTRACT 

In Northen Yemen, one of the traditional 
types of constructio n ,  based on o n-site 
fashioned earth, called zabour, is going to 
disappear because of economic reasons, 
more particularly the high cost of manpower. , 

Special studies have been carried out 
about the wall of Sanaa, the capital of 
Yemen,  in o rder  to have th is  type of 
construction renewed. The studies aimed at 
modernizing this process though keeping its 
specificity (the elaboration is handmade in a 
very unsophisticated way). The tedious part 
of the work, consisting of kneading the 
earth, has been removed thanks to the use 
of a mixer. The quality and the durability of 
the product are guaranted by the use of a 
hydraulic stabilizer and to the measure of the 
quantity of water used for kneading. The 
laboratory studies carried out in  Yemen 
proved that it was possible to reach a dry or 
wet resistance of about 3MPa. 

This new technology is the result of an 
on-site experiment, which has enabled us to 
defi ne reco mmendations for the manu
facture of zabour on-site. 

KEYWORDS 

Zabour, Yemen, Laboratory and on-site 
experiments, Dry and hu mid reSistance, 
Modernisation of a technologie, 
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RESTAURATION DES M URAILLES DE SANA'A, YEMEN DU NORD 
AMELIORATION DU ZABOUR' , METHODE TRADITION NELLE DE CONSTRUCTION EN TERRE 

Myriam Olivier, Ali Mesbah et Willy Adam, 
Laboratoire Geomateriaux 
ENTPE, Ecole Nationale des Travaux Publics de l 'Etat 
69 518 Vaulx-en-Velin Cedex, France 
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Le gouvernement de la Republique Arabe du Yemen a lance depuis plusieurs annees des operations de 
restauralion de la vieille ville de Sana'a. Apres mise au point des projets et les marches, les travaux sont 
suivis par Ie "Bureau Executif pour la Sauvegarde de la Vieille Ville de Sana'a", organisme dependant di
rectement du Cabinet du Premier Ministre du Yemen. II est aussi important de noter que la ville de Sana'a 
a ete classee "Patrimoine de I'Humanite", en 1 980, par I'UNESCO. Les chanliers de restauration de bati
ments publics, de mosquees et de maisons sont tres nombreux. De meme, des operations sont en cours 
relatives a I'assainissement, aux pavages des rues et au ramassage des ordures menageres. 

La reconstruction d'une partie des murailles de Sana'a fait partie des projets du Bureau Executif. Le 
debut de leurs destructions est posterieur a 1 962. Ensuite Ie developpement de I'urbanisme, associe 
au non-entretien du reste des murailles, ont entraine soit leur destruction totale, soit leur disparition par
tielle entre les batiments. II faut aussi deplorer I'utilisation du Wadf comme voie de circulation, ce qui a 
cause en 1 982, la destruction d'un magnifique pont construit en continuite avec la muraille. Seule une 
partie de la muraille reste visible et a peu pres accessible. C'est celie qui fait I'objet du projet de restaura
tion. Elle va du Wadi jusqu'a 1 00 m environ de la porte de Bab EI Yemen, et mesure environ 400 m. 

L'une des techniques utili sees pour la construction de la muraille, Ie zabour, est actuellement sur Ie 
point de disparaitre, supplantee par la construction en parpaings de cimen!. Les connaissances empi
riques accumulees depuis des siecles sont entre les mains de maitres-maQons (Ies Ustas), ages, pour la 
plupart, de plus de 70 ans. Cependant, pour conserver a la muraille son aspect originel, iI a ete decide d'u
tiliser cette technique, mais en essayant de retrouver scientifiquement les bases de cette technique. La 
participation franQaise s'est donc situee sur un plan purement scientifique et technique et n'a donc pas eu 
pour objet de remettre en cause les options deja choisies concernant la politique de restauration et de re
construction. Celle-ci a ete de plusieurs ordres : transformation du projet architectural d'origine en dossier 
technique, etude experimentale en laboratoire de la fabrication et de la stabilisation du Zabour, transposi
tion des resultats d'etudes sur Ie site (methodologie de suivi du chantier de fabrication et mise en oeuvre 
du Zabour, introduction de I'utilisation d'un malaxeur) et introduction de notions de suivi de chantier (com
paraison des quantites prevues a I'estimatif et realisees, contr61e de qualite, . . .  ). Ce sont essenliellement 
les quatre demiers points qui seront presentes dans cet article. 

Contexte de la restauration 
Decider de restaurer ce mur a souleve I'alternative suivante : reconstruire en place une muraille similaire a 
celie qui existait 200 ou 300 ans auparavant, ou essayer de conserver, dans leur etat actuel, les vestiges 
de I'ancienne muraille. La premiere solution a ete retenue par Ie Bureau Executif et a ete appliquee pour 
I'elaboration du proje!. 

Les etudes ont debute en 1986, grace a la participation de la Republique Democratique de Coree 
(Coree du Nord) qui a, d'une part, effectue un lever topographique tres preCis du mur actuel et des 
constructions avoisinantes et d'autre part, realise un premier projet de restauration de ce mur, ne prenant 
en compte que I'aspect exterieur de la structure. En juin 1 988, I'ENTPE a ete sollicitee par les Ministeres 
FranQais des Affaires Etrangeres et de l 'Equipement, afin de fournir au Bureau Executif pour la 
Sauvegarde de la Vieille Ville de Sana'a un appui technique pour la realisation des pieces techniques du 
Dossier de Consultation des Entreprises et pour Ie suivi des travaux. Celui-ci a consiste en la mise a dispo
Sition, aupres du Bureau Executif et de I'entreprise retenue, d'un ingenieur du Laboratoire, Willy ADAM, 
de mars a decembre 89, pour resoudre les problemes de chantier et pour realiser les etudes necessaires 
a la mise en oeuvre concrete du Zabour , et en deux missions de suivi effectuees, en juin et decembre 
1 989, par Myriam OLIVIER. 

� 
1 .  L'etat actuel : La muraille de Sana'a est construite suivant un prOfil tres specifique au Yemen du 
Nord. Mais son aspect originel est difficile a imaginer a partir de son etat actuel. Cependant, il est possible 
de trouver, au Yemen des structures identiques, en bien meilleur eta!. C'est Ie cas du mur d'enceinte de 
Saada, ville du nord, en limite du desert. 

Le corps de la muraille est constitue de deux murs de zabour, montes sur une maQonnerie tres re
sistante, et enserrant un remblai argilo-sablonneux. Un "garde corps"exterieur est realise en zabour sur 
une hauteur qui devait etre d'environ 1 ,5 a 2 m. La largeur utile du dessus du mur varie de 3 a 5 m. 

echelle : 
-1 m  
� 

COUPE-TYPE 
DUMUR DE 
SANA'A 

figure 1 . coupe lype originelle du mur de Sana'a 
Le zabour est la principale technique traditionnelle de construction en terre du Yemen du Nord. Le 

sud du pays utilise egalement la technique de I'adobe et surtout ta construction en pierre. II consiste a fa
briquer des boules de terre argileuse, tres humides, puis a les meltre en place a I'avancement, sur Ie mur, 
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exterieur du mur 

les cours, 11 l'interieur du mur 
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de faQOn a realiser des "boudins" carres de section 60x60cm environ. Ceux-ci sont releves aux angles 
des murs, de facon a creer un chainage vertical, donnant ainsi un aspect raye aux constructions locales 
qui atteignent couramment des hauteurs de 20m. 

2. Presentation du projet : Comme on Ie verra plus loin, cette technique artisan ale est lente a realiser 
et tres consommatrice de main d'oeuvre. Or, Ie niveau de vie local s'etant fortement eleve lors des dix 
dernieres annees, cette technique a tendance a disparaitre au profit du beton et du parpaing de ciment, 
juges plus modernes, plus economiques et plus fiables. 

Dans Ie cadre du projet de restauration de la muraille de la Vieille Ville de Sana'a, Ie laboratoire 
Geomateriaux de l'Ecole Nationale des Travaux Publics de l'Etat a realise une etude sur la technique tradi
tionnelle du zabour en vue de mettre au point les specifications techniques relatives a sa preparation et a 
sa mise en oeuvre sur chantier. Le but vise n'etait pas d'introduire une technique nouvelle dans ce pays 
mais, a partir de celie qui existe deja, de proposer des ameliorations pour arriver a un produit fini fiable, ho
mogene, resistant,.ayant une bonne tenue a I'eau et pouvant etre prepare et mis en place par les artisans 
locaux sans difficultes majeures. 

Outre les aspects laboratoire et realisation experimentale sur Ie site, nous avons travaille a la mise au 
point du projet initial, pour y introduire les contraintes de site et tenir compte des materiaux employes. 
C'est pourquoi, tout en essayant de respecter I'aspect originel du mur, Ie projet actuel presente quelques 
modifications avec la muraille ancienne. Ainsi : 

- en raison de I'urbanisation qui s'est developpee a I'interieur du mur depuis 1 962, la largeur origi
nelle du mur a dO etre modifiee. Les ecrits anciens signalent que "quatre cavaliers pouvaient galoper de 
front sur Ie mur", ce qui correspondrait a une largeur de 5 a 6 m, et est corroboree par I'emprise du mur 
que I'on distingue encore au nord de la ville. En revanche, sur la partie sud, objet des travaux, I'epaisseur 
residuelle du mur varie, sur la majeure partie du trace, a la base de 2 a 5 m et en haut de 2 m a 30 cm (!). 
Aussi, afin de ne pas trop empieter sur les proprietes bflties, la largeur finale en tete de mur ne depassera 
que rarement 1 ,5 m. De plus, pour eviter de detruire certaines maisons directement fondees sur Ie mur, 
celui-ci sera par endroits, deplace de 0,5 a 1 m vers I'exterieur, 

REtvSLA1S 

ZABOlJ\ 

M'.CONNERIE 
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figure 2 . coupe type du proiet de restauration du mur de Sana'a 
- un soubassement en pierres equarries a ete prevu a la base du mur comme cela existait sur I'an

cien mur. Ces pierres sont en basalte, materiau qui a deja ete utilise pour restaurer Ie mur il y a environ 1 50 
ans comme on Ie voit sur une partie encore visible du Mur SUd. II faut cependant noter que Ie mur d'origi
ne avait probablement une fondation en pierres sedimentaires blanches comme on Ie voit sur Ie bord du 
Wadi. Ce type de pierre est plus facile a tailler, mais est en revanche plus erodable. 

- dans tous les cas, la technique de construction de la maconnerie est identique a celie utilisee pour 
Ie mur d'origine, a savoir : pierres bien equarries a I'exterieur et maconnerie plus rustique a I'interieur. 
Cependant celle-ci a ete faite avec un mortier de ciment, au lieu d'un mortier de terre (technique ancien
ne) afin de garantir une meilleure tenue dans Ie temps de la structure restauree. 

Fabrication tradjtionnelle du zabour 
La preparation et la mise en place du labour s'accompagnent d'un rituel assez impressionnant quand on 
y assiste pour la premiere fois. Si Ie malaxage de la terre peut etre assimile a une danse bien rythmee ou 
pieds et mains s'altement pour melanger intimement la terre, la pose du labour par contre est une valse 
ou les boules de terre montent et descendent a une cadence reguliere. L'harmonie des gestes, Ie ryth
me, les chants d'accompagnement montrent que les artisans se plaisent a faire ce travail et executent un 
numero de leur folklore. 

Mis a part I'aspect ceremonial, la preparation de la terre est une operation longue et fastidieuse. La 
terre disposee en grand tas est tout d'abord arrosee d'eau et abandonnee ainsi pendant 3 a 4 jours. Ce 
temps est necessaire pour permettre a I'eau de s'infiltrer, de cheminer a travers les pores du sol et d'imbi
ber toute la terre du tas. Apres cette peri ode d'humidification commence la phase proprement dite de ma
laxage. Le tas de terre est petri, etale avec les pieds, remis a nouveau sous forme de tas en ramassant des 
mottes de la peripherie et en les lancant vers Ie milieu du tas. Ce cycle d'etalement - rassemblement de la 
terre se renouvelle jusqu'a ce que Ie materiau atteint Ie niveau de plasticite, de cohesion desire. Vient en
suite la formation des boules de terre ; chaque artisan recupere une petite motte de terre, la petrit plu
sieurs fois sur une surface lisse et dure et la met pour terminer en boule. On se retrouve ainsi, en fin de 
preparation avec un tas de boules de terre qui ressemble a des petits pains attendant la cuisson. 

Place maintenant a la valse des boules de terre. L'USTA (maitre-macon) se positionne dans la zone 
de travail, attrape une a une les boules de terre qui lui sont lancees par les ouvriers, les oriente et les pro
jette dans la partie de I'ouvrage a realiser. Tout se deroule rapidement a une cadence rythmee sur Ie chant 
d'accompagnement. Au fur et a mesure que s'accumulent les boules de terre, la bande de labour se des
sine et prend forme. Quand un morceau de la bande est pret, I'USTA arrete momentanement Ie jeu des 
boules, comble en tassant avec la main les creux qui se sont formes et acMve la finition des parois exte
rieures, en la polissant avec la main. 
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Modernisation de la technique 
Celie presentation sommaire de la technique de fabrication du labour au Yemen montre clairement qu'el
Ie s'accompagne d'un delai considerable entre Ie debut de la preparation de la terre et sa mise en place ef
fective. Pour Ie chantier de la muraille de Sana'a 00 environ 2000 m3 de labour doivent etre realises, 
celie technique traditionnelle, si on devait la maintenir telle quelle, entrainerait un allongement excessif 
de la duree du projet, un cout de production du m3 de labour exorbitant et un alourdissement de la ges
tion du chantier. Aussi a-t-il fallu I'adapter pour la rendre plus operationnelle. 

1 . Le malaxage : La premiere innovation apportee reside dans la mecanisation de la preparation de la 
terre. Au malaxage manuel, on a substitue un malaxage mecanique3• Les resultats enregistres sont tres 
interessants du point de vue economique et technique : 

- Reduction importante de la main-d'oeuvre et gain de teTPs. Avec 3 personnes (1 technicien et 2 
ouvriers), il a ete possible de preparer des gAchees de 0,Q1 m en 6 a 8 minutes. Chaque gAchee com
prend un malaxage a sec des constituants solides (terre-sable-ciment) pendant 2 minutes puis un malaxa
ge humide avec I'ajout d'eau. Celie demiere est toujours versee sous forme de pluie. La methode ma
nuelle traditionnelle demande 45 minutes pour malaxer Ie me me volume, apres avoir pre-humidifie la terre 
pendant plusieurs jours. Une fois les quantites fixees et apres que les ouvriers se soient fait la main, la 
preparation de la terre devient pure routine, reproductible en sMe. lis retrouvent alors I'appreciation vi
suelle d'un ma<;on experimente. 

- Meilleur contr61e du dosage en eau et meilleure qua lite du malaxage. Alors que pour une prepara
tion traditionnelle la teneur en eau varie d'un endroit a un autre du melange (au laboratoire, pour de faibles 
quantites de terre malaxee manuellement, on a observe des variations de 5 points de teneur en eau). Ie 
malaxage mecanique permet une repartition uniforme de I'eau dans Ie melange. Les petites variations en
registrees (de I'ordre de 0,5 a 1 point de teneur en eau) viennent des phenomenes d'evaporation dus au 
temps ecoule entre la fin du malaxage et la mise en place de la terre et surtout, du petrissage de la terre 
pour la confection des boules. Elles ont peu d'influence sur la resistance finale. (voir figures 7 & 8). 

2.  La stabilisation au ciment : L'autre innovation vient du fait qu'un liant, du ciment en l'occurrence, a 
ete ajoute a la terre pour la stabiliser. Au Yemen, jusqu'a present, aucune tentative en ce sens n'a ete 
faite. Pour proteger la terre brute contre les intemperies, les artisans preferent epaissir les ouvrages, ce 
qui entraine souvent un surdimensionnement des·elements structuraux. Avec la stabilisation au ciment, il 
a ete possible d'obtenir un materiau aux bonnes caracteristiques mecaniques et parfaitement resistant 
aux intemperies (voir § VI). 

De plus, la methode traditionnelle de preparation de la terre n'est plus appropriee, car il est effecti
vement impossible de faire "macerer" la terre stabilisee plusieurs jours a cause du phenomene de prise 
assez rapide en presence d'un stabilisant. D'oO l'interet supplementaire de I'introduction du malaxage me
canique. Les etudes ont ete realisees avec 0, 4, 6, 8 et 1 0% de ciment, qui sont des valeurs courantes 
pour la fabrication de mortiers de terre. Pour les travaux, c'est finalement une stabilisation a 6% de ciment 
qui a ete retenue. 

3. La mise en oeuvre du zabour : Le dernier point conceme la realisation meme du mur. Pour assurer 
Ie transfert des etudes de laboratoire sur Ie chantier de construction et s'assurer de la bonne coordination 
entre les techniciens du Bureau Executif et l'Usta (maitre-ma<;on) . un essai de mise en oeuvre sur Ie site a 
ete realise les 1 1 ,  1 3  et 14 decembre 1 989. Le travail experimental sur site s'est fait progressivemenl. Au 
debut de I'experimentation, I'ensemble des operations de dosage, de malaxage et de mise en oeuvre 
etaient suivis par W.ADAM et M.OLlVIER. Puis, petit a petit, elles ont ete deleguees a I'ingenieur du chan
tier et au technicien du Bureau Executif. Lors du troisieme essai experimental, I'ensemble des operations 
a ete realise par les Yemenites, avec un parfait consensus entre les dilferents intervenants (entreprise, 
Bureau Executif et Usta) . 

Celie phase a ainsi permis un excellent transfert de donnees experimentales et de technologie sur 
un site reel et a donne aux differents intervenants I'occasion de retrouver la maitrise d'une technique tra
ditionnelle grAce a une approche scientifique des problemes. L'experience acquise lors de celie experi
mentation demande cependant a etre confirmee par une mise en oeuvre rapide sur Ie mur lui-meme. 
Malheureusement, Ie report de cette phase a 4 ou 5 mois fait perdre une grande partie des acquis de I'en
treprise et de l'Usta. 

Etudes faites en laboratoire 
1 .  Principe des etudes : La determination des parametres de chantier a ete faite a partir d'essais de la
boratoire realises au Yemen, en liaison avec Ie laboratoire du Ministere des Travaux Publics et celui de la 
Faculte d'ingenieur de l'Universite de Sana'a. Apres avoir examine la preparation traditionnelle du labour 
et identifie les parametres de base (granulometrie et composition des mat6riaux, liants, teneur en eau, 
mode de malaxage, mode de mise en place, cure) qui s'y rattachent, des series d'eprouvettes ont ete pre
parees en faisant varier ces parametres. Elles ont ensuite ete soumises aux essais suivants : compression 
simple, tenue a I'eau lors d'essais de remontees capillaires et essai d'immersion complete. 

A partir des resultats obtenus, il est possible d'evaluer I'influence, sur les caracteristiques meca
niques (resistances a sec et humide ) du labour, du mode de preparation de la terre (malaxage manuel, 
malaxage mecanique) .  de la teneur en eau de fabrication, de I'ajout de ciment et des conditions de cure. 

2. Choix des materiaux : Au Yemen, il n'existe pas un materiau type pour la preparation du labour. 
Les artisans se contentent de prelever la terre qui se trouve immediatement a leur portee. Ainsi, suivant Ie 
savoir-faire de I'Usta et suivant Ie type de sol disponible, la qualite du labour varie d'une region ·a une 
autre : on peut facilement passer d'un labour compact, resistant et dur comme un rocher a un labour fis
sure, friable au simple toucher et lessive par les intemperies. 

L'un des points importants du travail a consiste a choisir, pour la restauration de la muraille, une terre 
permettant d'optimiser les caracteristiques mecaniques et Ie comportement du labour . A cet elfet, 8 car
rieres situees aux alentours de Sana'a ont ete visitees et leurs echantillons soumis a des essais d'identifi
cation. Nos investigations se sont limitees, pour des raisons economiques, a la region de Sana'a. Les re
sultats obtenus ont ete analyses et compares a ceux obtenus sur deux echantillons de labour retenus 
pour leur qualite. L'un provenait de la region de Saada et I'autre directement de la partie de la muraille en 
bon etat de conservation. Parmi ces carrieres, deux ont retenu particulierement notre allention. Des diffi
cultes pour acquerir des terrains de la premiere carriere nous ont conduit a choisir finalement la seconde 
(carrieres de Beit Mulkat et celie de Beit Al Saal'a). 

Le materiau provenant de Beit Al Saal'a est un 0/50 mm. Les resultats des essais d'identification 
font apparaitre pour ce sol, un deficit assez important en sable. Pour y remedier, on a melange celie terre 
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avec un sable propre provenant de la region de Saada, dans la proportion de quatre volumes de terre de 
Beit AI Saal'a pour un volume de sable. Les gros elements du sol ont ete egalement ecartes afin d'eviter la 
formation de billes pendant Ie malaxage (tendance de la terre a s'agglomerer autour des cailloux) et I'appa
rition de zones d'heterogeneite dans Ie Zabour. Les materiaux d'origine et remanie ont donne les resui
tats suivants : 

- courbes granulometriques et sedimentometriques (voir figure 3). 
- essai normalise au bleu de methylene (uniquement sur Ie materiau remanie) : 
sur Ie (0 / 0,1 mm) VB = 2,38, soit sur Ie sol total, (0 / 1 6  mm) VB = 1 ,22 
- limites d'Atterberg : materiau brut WL = 3 1 ,8 Wp = 20,3 

materiau remanie WL = 30,6 Wp = 22,7 
IP = 1 1 ,5 
IP = 8  

D'apres la classrrication RTA" , la fraction 0 / 1 6  mm se situe, pour Ie materiau brut en A2, et pour Ie 
materiau remanie en A1 . D'apres la classification LCPC' , Ie materiau brut est une argile peu plastique, et Ie 
materiau remanie un sable argileux. 

100 
% passants

_ 

' - -

" 

- sable de Saada 

• •  terre de Beit AI Saal'a 

- terre reconstituee 
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figure 3 . courbe granulometrjque des materiaux utilises 
3.  Deroulement des essais 

3.1  Confection des eprouvettes : Les eprouvettes ont ete confectionnees avec de la terre malaxee 
suivant les deux techniques mais I'accent a ete surtout mis sur Ie malaxage mecanique. Dans les deux 
cas, une fois acheve Ie malaxage, on a fabrique les eprouvettes en utilisant un moule en metal (0=9,5 cm 
et h=1 2 cm). La terre deposee a I'interieur du moule n'a ete ni compactee ni compressee. Dans Ie cas des 
preparations "assez seches" (teneur en eau comprise entre 23 et 26 %), une petite tige metallique a ete 
utilisee pour tasser legerement la terre et pour eviter la formation de trous a I'interieur de I'eprouvette. Au
dela de 27 %, la terre malaxee s'apparentait davantage a une boue et il n'a pas ete necessaire de la tasser. 
Le demoulage des eprouvettes se faisait immediatement apres leur fabrication. Pour eviter des pheno
menes de collage ou adherence dans la zone de contact terre-moule, on a pris soin d'intercaler entre la 
terre et la paroi interieure du moule huilee au prealable, un plastique assez rigide. Les eprouvettes ont 
ete pesees et mesurees pour calculer leurs densites seches a partir de la relation : � d=Ph ItS x (1 +w) , 

Oll : - Ph est Ie po ids humide de I'eprouvette en gr 
- h, sa hauteur en cm 

- S, sa section en cm2 
- w, la teneur en eau du materiau 

Les eprouvettes en terre non stabilisees ont ete conservees a I'air libre et celles stabilisees au ci
ment, sous une bAche en plastique polyane bien fermee. L'influence du type et de la duree de la cure 
sera evaluee par la variation des resistances en compression simple. 

3.2 Essai de resistance a sec : Des essais de resistance en compression simple a sec, apres conserva
tion des eprouvettes, ont ete realises a 5, 10 ,  1 5  et 30 jours afin d'etudier I'influence de l'Age sur la resis
tance du Zabour. Seules les eprouvettes fabriquees a partir du Zabour traditionnel ont ete ecrasees a plus 
de 30 jours. Afin d'obtenir des essais homogenes, avant I'essai proprement dit, on a interpose un syste
me antifrettage entre I'eprouvette et les plateaux de la presse. 

3.3 Resistance humide : Cet essai est realise sur un materiau generalement Age de 1 5  jours qui a ete 
pendant au moins 24 heures soumis a un essai de remontees capillaires. Pour les eprouvettes stabili
sees, une partie a ete sou mise a I'essai de remontees capillaires immediatement apres la cure sous la 
bache, tandis qu'une autre a ete mise a secher a I'air libre 1 ou 2 jours avant I'essai. Pour deux series 
d'eprouvettes, la conservation sous bache a dure uniquement 5 jours ; ensuite, elles ont ete mises a se
cher a I'air libre pendant 1 0  jours avant I'essai de capillarite. 

3.4 Essai de remontees capillaires : Les eprouvettes ont ete posees sur un lit de sable, puis soumises 
a une pression capillaire tres faible entretenue par la circulation d'eau dans un tissu epais, depose sur Ie 
sable et dont les bords baignaient dans deux recipients contenant de I'eau. 

fjgure 4 ' essaj de remontees capillajres 
Les reCipients etaient disposes de maniere a ce que Ie niveau de I'eau et la surface superieure du lit 

de sable soient dans un mE!me plan horizontal. Un contr61e suivi tout au cours du deroulement de I'expe
rience a permis de maintenir constant Ie niveau de I'eau danS les recipients. Le poids des eprouvettes a 
ete releve regulierement pour calculer la quantite d'eau absorbee par Ie materiau. 

4 Influence de la teneur en eau de fabrication 

4.1 Variation de la densite sec he : D'une maniere generale, il n'existe pas une relation bien nette entre 
densite seche et teneur en eau. Les courbes obtenues pour les teneurs en eau etudiees (23 %<W< 34 
%) montrent que la densite seche a tendance a diminuer avec I'augmentation de la teneur en eau. Ceci 
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s'explique : pour ces teneurs en eau, Ie materiau non stabilise est proche de la saturation et les densites 
seches obtenues se calent sous la courbe de saturation : 0 d= 0 s/(1 +w,o s10 w)' notee en trait plein sur 
les figures 5 et 6. Les points correspondants aux teneurs en eau tres e levees se situent au dessus de 
cette courbe, ce qui est dO aux ecoulements d'eau libre observes lors du demoulage des eprouveUes. 

densit6 seche 

en KN/m3 

1 7  

1 6 ,5 

1 6  

I S ,S 

1 5  

1 4,5 

·X 

A I ll. 
. . 

: � 
23 24 25 � 27 a 29 30 3 1  32 n 34 

leneur en eeu (w en :l) 

figure 5 · (densite seche / teneur en eau) pour Ie materiau non stabilise 
On observe egalement une grande variation des valeurs de densite seche a teneur en eau 

constante (par exemple, pour Ie materiau stabilise a 6 % de ciment, "0 d varie de 1 ,40 a 1 ,59 pour 
w=24,8%). Ces resultats peuvent s'expliquer par Ie fait que la quantile de terre introduite dans Ie moule 
lors de la fabrication d'une eprouveUe varie d'une eprouvette a une autre, surtout a teneur en eau faible, 
et comme aucune force n'a ete utilisee pour compresser la terre, la repartition des vides, Ie tassement et la 
cohesion finale de I'eprouvette s'en trouvent modifies. 

1 6  . 8 • O .  
I S ,S 0 :  
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figure 6· (densite seche / teneur en eau) pour Ie materjau stabilise a 6% de cjmenl 
En comparant les valeurs de densite seche pour Ie matenau brut et Ie materiau stabilise, on consta

te qu'on obtient de plus fortes valeurs de densite seche pour Ie materiau brut que 10rsqu'iI est stabilise. 
L'ajout du ciment entraine une baisse de densite, car la chaux libre presente dans Ie ciment entraine une 
floculation quasi instantanee des argiles, qui s'oppose a la mise en place du materiau. On se trouve alors 
avec un pourcentage de vides plus eleve avec les materiaux stabilises . 

4.2 Resistance en compression a sec : Pour Ie materiau non stabilise, les valeurs les plus elevees en 
resistance sont enregistrees pour les teneurs en eau "faibles" (w<26 %). Pour ces valeurs, Ie materiau est 
legerement compacte et non moule, mais sa mise en place est difficile et la dispersion des resultats est 
grande. Quand la teneur en eau croit, on retrouve la meme tendance que pour la densite seche, a savoir 
la resistance tend a diminuer. 
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figure 7 . ( Resistance a sec / teneur en eau) pour Ie materiau non stabilise 
L'ajout du ciment en faible proportion entraine un gain de resistance considerable. Pour Ie materiau 

brut, la resistance se situe autour d'une valeur moyenne de 0,8 MPa, alors qu'apres stabilisation a 6% de 
ciment, elle est aux alentours de 3 MPa ; so it 3,5 fois plus elevee. 
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figure 8 . ( Resistance a sec Iteneur en eau) pour Ie materjau stabilise a 6% de cjment 
4.3 Resistance en compression apres essai de remontees capillaires : L'influence benefique du ciment 
apparait tres nettement pour les resistances humides. Alors qu'apres I'essai de remontees capillaires, Ie 
materiau brut presente des resistances quasi nulles (Rc humide � 0,03 MPa), Ie materiau stabilise a 6% de 
ciment garde une tenue excellente (Rc humide � 3 MPa). De plus, on observe dans ces conditions, un re
trait, donc une micro-fissuration, tres faible. Pour 4% de ciment, la resistance humide diminue (Rc humide 
� 2 MPa) et Ie materiau devient plus erodable, ce qui nous a amene a choisir, pour Ie chantier, une stabili
sation a 6% de ciment. 
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fjgure 9 . ( Resistance Humjde I teneur en eau) pour Ie materjau stabilise a 6% de cjment 
4.4 Conclusion sur les conditions de suivi de chantier : " ressort de cette analyse que la teneur en eau 
a elle seule, ne suffit pas pour caracteriser Ie Zabour et prevoir son comportement. Les recommandations 
ecrites ont donc ete etablies pour assurer une bonne qualite du materiau et de la structure neuve. Elles 
ont pour principaux objectifs de garantir I'homogeneite de la fabrication et une resistance minimale du 
zabour. Elles concernent la duree et Ie mode de malaxage, I'ajout d'un stabilisant, la teneur en eau et sur
tout Ie mode de mise en place du zabour. Tous ces parametres visent a obtenir la meilleure adequation 
entre resistance et densite seche. Sur la figure 1 0, les 0 correspondent aux resistances seches, les !l 
aux resistances humides pour la teneur en eau retenue ( 27<w< 27,5%), alors que les • et ...... correspon
dent aux autres teneurs en eau. 

O �----�------�------�----�----� 
1 3,5 14 14,5 15  15 ,5 1 6  

densite 5&he (en KN/m3) 

fjgure 10 . courbe (Resjstance I densjte seche) pour Ie materjau stabilise a 6% de cjment 
Experjmentation sur stte 

1 . Realisation de I'experimentation : Le transfert des resu�ats de laboratoire au chantier lui-meme 
s'est fait au cours d'une experimentation grandeur nature, en collaboration avec I'entreprise et les Ustas 
yemenites. Cette phase tres importante et tres interessante a permis : 

- d'effectuer les reglages du malaxeur pour obtenir une bonne homogeneite du materiau, 
- etablir une methode simple de calcul et de dosage sur chantier des quantites de sable, de terre et 

d'eau, methode qui pourra etre mise en oeuvre par I'ingenieur de I'entreprise yemenite 
- optimiser les temps de fabrication et de mise en oeuvre du Zabourpour limiter les phenomenes 

de prise anticipee du Zabour stabilise au ciment, 

- etablir une relation de confiance avec l'Usta charge de la mise en oeuvre du Zabour- celui-ci avail 
en effet I'habitude d'utiliser un materiau plus humide et non stabilise - et I'amener a modifier legerement 
son mode de travail afin de limiter ensuite les risques de fissuration par retrait. 
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D'autre part, lors de cet essai, deux types de ciment Portland, I'un gris, I'autre blanc ont ete utilises 
afin d'evaluer I'influence de la couleur du ciment sur I'aspect exterieur (variation de couleur surtout) du 
Zabour. Apres 2 ou 3 rnois de sechage a I'air libre, la couleur finale etan! stabilisee, Ie Bureau Executif 
pourra effectuer son choix quant au type de ciment a utiliser pour stabiliser Ie Zabourdu mur. 

2 .  Recommandations pour I'execution du labour : Cette experimentation en site reel a permis de 
montrer les etapes ou se situent les differences de fabrication et mise en oeuvre entre Ie Zabourtradition
nel et "rnoderne", et ainsi de faire apparaitre les points delicats et Ie suivi a effectuer. 

2 . 1  Qualite du labour : Ie parametre principal est la teneur en eau du melange terre-sable-ciment. La 
teneur en eau optimale est de 27 %, pour Ie corps du mur. Pour effectuer Ie lissage de I'exterieur du mur, il 
est necessaire d'augmenter tres lE§gerement (+0,5%) cette teneur en eau. 

2.2 Temps de fabrication : la mise en place d'un second malaxeur s'est averee indispensable car, 
lorsque la teneur en eau est optimale, il faut de 6 a 8 mn pour fabriquer une g�chee de labour, alors que 
la fabrication et la mise en place des boules de Zabour, avec I'equivalent de ce matenau, par les aides de 
I'UST A, ne prend de 4 a 5 mn. 

2.3 Mise en place du labour : afin de limiter la fissuration dans Ie mur, due au sechage de la terre et au 
retrait lors de la prise du ciment, iI est necessaire de s'assurer que Ie minimum de vides subsiste apres 
mise en place des boules. Pour cela, les points suivants sont a surveiller : 
- les boules doivent etre placees directement a la jonction de la tranche de Zabouren cours de fabrication 
et la tranche precedente, il est, en effet, insuffisant de simplement repousser ce Zabourpour Ie mettre en 
place ainsi qu'on procede traditionnellement, 
- des rainures devront etre realisees dans I'ancien mur afin de faciliter I'adherence du nouveau Zaboursur 
celui-ci. De meme que precedemment, les boules de Zabour devront etre lancees directement dans Ie 
creux entre I'ancien et Ie nouveau mur, 
- a la fin d'une phase de travail, il faudra egalement terminer Ie Zabourpar une forme en escalier afin de fa
voriser ensuite I'adherence avec Ie nouveau Zabour. 
- une cure de 1 5  jours du zabour sera realisee en disposant une b�che sur Ie mur. 

m�thode traditi onnelle 

rainures 8. 
reaii' ers ur I" /IhL---.,o. \'ancien mur 

lioi, on zab 0 ur -m ur anci en 

s errage des boules 8.reaiiser 

fin d'une �hase de zabour 

figure 11 . Mise en place du labour 
Etat d'avancement des travaux 
Les travaux d'execution du mur ont debute en aoOt 89 par Ie nettoyage des abords exterieurs du mur. Ce 
n'est que courant septembre 89 qu'ont demarre les travaux de fondation et de maC(onnerie. Fin de
cembre 89, ces travaux etaient acheves sur pres du tiers de la longueur totale du projet (400m). 

En avril 1 990, les ma<;onneries de la base du mur sont realisees sur 90% a I'exterieur du mur, mais les tra
vaux a I'interieur du mur restent difficiles a entreprendre car ils se deroulent en domaine prive. Le mur ex
perimental en zabour se comporte tres bien,mais Ie zabour n'a toujours pas ete commence sur Ie mur lui
meme. 

Les photos des pages suivantes montrent Ie site des travaux ainsi que les conditions dans lesquelles ils 
se deroulent. 

Conclusions 
Ce chantier montre qu'une technique tres traditionnelle peut !ltre modernisee pour s'adapter aux condi
tions economiques actuelles. De plus, les etudes de laboratoire ont amene I'appui technique necessaire 
pour transformer les connaissances empiriques des Ustas, en connaissances scientifiques quantifiables, 
verifiables sur chantier, et qu'il est possible d'introduire dans un Cahier des Charges. Ce point est un 
point-cle dans la diffusion ou la rehabilitation d'une technique terre, car elle permet de garantir a la fois Ie 
maitre d'oeuvre et I'entrepreneur en etablissant contractuellement les object�s recherches et les moyens 
a meltre en' oeuvre pour les atteindre. 

Zabour : technique traditionnelle de construction en terre, tres specifique au Yemen Nord. 
Elle consiste a realiser des boules de terre argileuse, a I'etat plastique, qui seront ensuite projetees sur Ie 
mur par Ie maC(on de fa<;on a former un "boudin" carre de 60 cm environ de cote. La construction en place 
de murs formes d'une succession de ces boudins donne I'allure caractenstique des maisons du Yemen 
du Nord.(voir §IV) 

2 Wadi : lit asseche d'un fleuve temporaire 
3 malaxeur thermique : SED - CMD 250 LC, modifie AL TECH (OS 200 Embrun, France) 

• RTR : Recommandations pour les Terrassements Routiers 

• LCPC : Laboratoire Central des Ponts et Chaussees 
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ABSTRACT 

The Getty Conservation Institute, in 
association with the Museum of New 
Mexico State Monuments, began a 
field-test program early in 1988 at 
Fort Selden State Monument in 
southern New Mexico. The purpose 
is to evaluate, using adobe test walls, 
various preservation materials and 
techniques. These include chemical 
consolidants (mainly diisocyanates, 
and silanes); techniques of 
application of consolidants (spraying, 
brushing, bulk infiltration), surface 
and depth treatments; drainage, 
shelter designs and materials, 
reburial techniques for archaeological 
sites, and some structural reinforcing 
materials and methods. Accelerated 
aging through water spray has been 
used on the walls and their condition 
has been monitored stereo
photographically. This paper 
presents the experimental design. 
Some preliminary results are given in 
subsequent papers in the present 
preprints. 

KEYWORDS 

Adobe, consolidation, site 
stabilization, site shelters, 
isocyanates, silanes, outdoor 
accelerated aging, stereophotographic 
monitoring. 
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At the end of 1986 a three month pilot research project was undertaken at the Getty 
Conservation Institute (GCI) laboratories into the use of various chemical 
consolidants and other protective measures for the conservation of historic and 
archaeological adobe. While adobe was the primary focus of this research, it was 
implicit that the findings could have application to other earthen structures as well, 
and to outdoor heritage sites in general. The report on this work [1] and subsequent 
research over a nine month period showed that there was sufficient promise in 
chemical consolidants to warrant their field testing. The consolidants that tested 
most satisfactorily against deterioration by water and salts were aliphatic 
diisocyanate prepolymers and commercially available alkoxy and alkylalkoxysilanes. 
Preliminary results have been published [2-5]. Physical measures of protection and 
reinforcement of adobe structures were also planned in a comprehensive program 
of field testing. 

The present paper describes the research design and implementation of the 
continuing field testing at Fort Selden. Preliminary results of the field testing are 
given elsewhere in the present publication. After the first phase of research a 
collaborative program was established at Fort Selden State Monument, where the 
Museum of New Mexico State Monuments ( MNMSM) had already established a test 
wall facility. By late 1987 the design of the experimental system had been completed 
and construction of the test walls was finished in February 1988. Integral aspects of 
the design of the field project were an accelerated weathering (water spray) system, 
and regular temperature, moisture, and stereophotographic monitoring. Treatment 
of the test walls was completed by the end of May 1988 and testing began August 1, 
1988 with the start of spraying. 

The Need for Adobe Preservation Research 

A significant component of the world's architectural heritage is built of earth, 
and the problem of preservation and protection of earthen structures is one of 
world-wide concern. In the late 1960's an Iraqi-Italian Center for the Restoration and 
Preservation of Monuments, with the collaboration of ICOMOS and ICCROM, was 
set up to study the preservation of unbaked brick. Its brief was to: 

"systematically undertake collection of data, chemical and physical analysis of the 
bricks, research into the causes, concomitant and otherwise,1 of their degradation and 
be able to suggest methods most suited to give lasting results" [6]. 

Four international meetings on adobe were organized under the auspices of 
ICOMOS (Yazd, Iran in 1970, 1976, Santa Fe, USA in 1977 and Ankara, Turkey in 
1980). The recommendations of the United States ICOMOS - ICCROM Adobe 
Preservation Working Session in Santa Fe in 1977 [7] called for (among other 
things) research into: 

-Surface and subsurface drainage of mud-brick structures. 
-Chemical surface treatment and consolidation. 
-Injection and grouting techniques for consolidation or weather-proofing. 
-Structural stabilization and reinforcement materials and methods. 

In addition the ICOM-ICOMOS mudbrick symposium in Ankara in 1980 [8] 
recommended: 

-Design studies be made of low-cost shelters that afford protection against 
direct erosion by rain or melting snow, provide thermal insulation but avoid the 
"greenhouse effect" and preferably be permeable to water vapor; and that shelter 
design concepts be tested in the field. 

-Pilot field projects be undertaken to test conservation systems on entire 
structures. 

In his introduction to the 1980 Ankara symposium on mudbrick preservation 
Torraca [9] noted the following points and problems for which a satisfactory solution 
was not yet in sight: 
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Figure 2 .  Sche m atic diagram with 

depth of test wall foundations and 

typical test wall dimensions. 
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Figure 3. Sche m atic diagram of 

diagonal plastering of opposite 

sides of adobe test walls. The 

wall shown for the side view is 

one of the half walls. 

Figure 4. Photograph showing 
chemical consolidant being applied to 
adobe test wall by spraying. 
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-The long-term reliability and efficacy of partial protection methods 
including chemical treatment, capping and coating were questioned on the basis of 
recent experience and the high cost of these processes. 

-Shelters open on the sides are effective at intercepting rain (and so stop this 
most damaging factor), but they allow a slow process of crust formation to occur. 
This is probably due to humidity/temperature cycles which are intolerable for 
decorated surfaces. 

-There is a trend to either complete physical protection (by enclosures or 
reburial) or reliable maintenance routines. 

Clifton [10] has reviewed the status, to 1976, of adobe preservation technology. 
He concluded that the successful preservation of adobe depends on effective 
protection of structures from the elements, especially water. He emphasized the 
need for analysis of the unique set of deteriorative factors operating at each different 
structure on site; the selection of preservation materials and standardized test 
methods; and pointed out the unlikelihood of the existence of a single universal 
preservation material process. Finally, he emphasized the importance of 
documenting and monitoring preservation processes that have been implemented. 
The research design presented here and the materials chosen for field testing 
address most of the concerns listed above - though not necessarily 
comprehensively in each case. 

Deterioration of Adobe and Preservation Approaches 

Much has been written about the effects of environmental factors, particularly 
water, on earthen structures. These include weathering by rain and snow, capillary 
rise of moisture into structures, migration of soluble salts, moisture-induced 
swelling and shrinking cycles as the material is melted, dries and so on. These and 
other deteriorative factors such as temperature, freeze-thaw cycles, wind erosion, 
and biological and human factors have been discussed [10, 1 1]. 

Ukewise, the pros and cons of various treatment options involving chemical 
and polymer systems have been debated. In particular the question of penetration 
by surface applications and permeability of the treated surface has been one of 
concern [12]. For these reasons a variety of treatments, including spray, brushing 
and bulk-infiltration using a gravity-fed reservoir system were included in the 
design. 

Test Wall Construction 

After completion of an archaeological survey of the area for the test walls at Fort 
Selden, and final approval of the test wall design, construction began in December 
1987. Figure 1 shows the plan view of the test wall site along with some individual 
wall treatment / experimental conditions. The standard test wall was 1.52 x 1.52 m 
by approximately 0.25 m thick (5 x 5 feet x 10 inches) constructed from nominal 
sized bricks 35.5 x 25.4 x 10 em (14 x 10 x 4 inches). Wall foundations were 20.3 em (8 
inches), or two adobe bricks into undisturbed earth (Fig. 2). Diagonally opposite 
sides of the walls were mud-plastered (Fig. 3). 
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Figure 1 . M ap view of test walls at Ft. Selden. N.M. showing wall nu mber and type of 
treatment I experiment. Area enclosed by dashed line represents walls subjected to 
accelerated (water spray) weathering. 

Chemical Treatments 

Chemical preservation is the application of a substance, usually a polymer in 
solution or a monomer which converts in situ into a polymer, and confers its 
properties of durability, strength (consolidation), weather resistance and so on. 

N 
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Figure 5. Photogl·aph showing 
chemical consolidant being brushed 
onto adobe test wall. 

Figure 6. Photograph showing adobe 
test wall being treated with chemical 
consolidant using bulk infiltration 
technique. 

Figure 7. Sche m atic diagram of 

pattern of consolid ation for walls 

treated by single surface coating. 

Figure 8. Sche m atic diagram of 

pattern of consolid ation for walls 

u sing m ultiple surface coating s. 
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From the extensive literature on the preservation of adobe by chemical treatment, 
from the evidence of the present research, it has been possible to define the 
requirements of an hypothetical "ideal" system which will minimally alter the 
inherent properties and appearance, yet confer durability. These have been reported 
[3]. 

Consolidants -Application Techniques 

Consolidant solutions were applied to the test walls by spray, brush and from 
reservoirs with infiltration tubes into the core of the wall (bulk infiltration) as 
shown in Figs. 4-6. Five basic patterns of consolidant application .were used. These 
are: surface coating (using minimal material); multiple surface coating (wet-on
wet) to achieve good depth of penetration; bulk infiltration to fully permeate the test 
wall; surface coating together with basal infiltration of the wall footings; and partial 
infiltration of the top and bottom of the wall and footings, with only light surface 
treatment on the vertical face. These patterns are depicted schematically in Figs. 7-11  
which were chosen t o  provide as full a range o f  treatment responses t o  the 
perceived patterns of erosion of adobe walls. 

Control Walls 

A series of control walls is incorporated into the experimental design. Thus, there is 
a master control wall (#40, used also for thermal monitoring) that is not treated, nor 
sprayed, but exposed only to natural weathering; a control wall not treated but 
sprayed (#21) to monitor the effect of spraying on natural adobe. For the geodrain 
and simulated reburial test walls there are control walls without drains and without 
geotextile (#27 and #44, respectively). 

In general, each wall can be referenced to one (or more) other wall(s) in which 
only one variable has changed, for example, the isocyanate (DN3390) - treated series 
(#16-20) is compared directly with the silane (Conservare SSH) - treated series (#22-
26), and each series can be compared with the sprayed control (#21) and the master 
control wall (#40). Likewise, the effect of physical protection of adobe against 
spraying (simulating rain) by using knitted synthetic fabric ("aerotextile") as a shelter 
material can be judged by comparing the sprayed control wall (#21) with a sprayed, 
sheltered wall (#39). 

Accelerated Weathering 

It can take a long time for results from field testing under natural conditions to 
become apparent. To avoid such delay an accelerated weathering water-spray 
system at Fort Selden was used. The results of an artificial testing regime such as the 
present one are comparative only and are not intended to be absolute, nor will they 
necessarily relate in a quantifiable way to natural weathering. However, the results 
do allow certain valid conclusions to be drawn when judging one process against 
another and when suitable controls are included in the design. 

Important criteria to be decided when initiating a spray regime are: frequency 
of spraying, time of day of spraying, volume of water per spray cycle, force of spray 
jet, uniformity and pattern of spray impinging on the wall. Also, local rainfall and 
meteorological conditions need to be recorded, as these obviously add to the 
weathering rate. 

The initial spray program at Fort Selden proved to be too aggressive and after 
two months was stopped during a particularly wet summer. The initial spray 
program comprised two 15 minute cycles daily (at 0900 and 1600 hr). Each nozzle 
sprayed approximately 22 liters of water per cycle. Thus, the total water load per wall 
per two cycles daily was 88 liters, or over the two months of initial spraying 
approximately 1400 gallons. -During this summer approximately 64 mm (25 inches) 
of rain also fell. Several walls (#30, 32, 46) collapsed during storms - presumably 
because of wind load on nearly saturated walls and footings. 

Monitorin& -- Photographic. Temperature and Moisture 

A protocol for stereophotographic recording of the condition of the test walls has 
been developed. This comprises 6 x 6 cm format stereopairs taken at night with 
standardized lighting to avoid the variable effects of daylight . Approximately once 
monthly one side only (to minimize the cost) of each test wall is photographed. A 
single batch of film is used and standard processing of the negative is carried out. It 
is intended that quantitative information will be derived from the negatives by 
digitization and image processing. Fig. 12 shows a single contact print of one of a 
stereopair. 



Figure 9 . Sche m atic diagra m of 

pattern of consolidation for walls 

treated by b ulk infiltration. 

Figure 1 0 . Sche m atic diagra m of 

pattern of consolidation for walls 

treated by surface coating & b asal 

infiltration. 

Figure 1 1 . Schem atic diagra m  of 

pattern of consolid ation for w alls 

treated by surface coating and 

partial infiltration at top and b ase. 

Figure 12. Contact print of one of a 
pair of stereophotographs taken of 
test wall #20 (DN3390-treated). Note 
cracking of outer plaster surface from 
accelerated (water spray) weathering. 
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Surface and interior temperatures of the master control wall (#40) are 
monitored for 24 hours at a time on a seasonal basis using thermocouples and a 16-
channel data logger system. This system is shown in Fig. 13. Thermocouples are 
embedded on the surface and at depths of 2.5 em and 12.5 em on the east and west 
faces of the wall both on the adobe brick and the mud-plaster surfaces. 

Moisture monitoring in selected walls (the control wall, geodrain walls, and 
others such as the basally infiltrated walls) is done using a calibrated resistivity 
meter and preset pins. Results so far are of doubtful value. Occasionally moisture 
determinations have been done by coring and use of a calcium carbide meter. Core 
holes are sealed afterward With silicone rubber plugs. 

Protective Structural Experiments 

As stated previously the resolutions of the 1980 Ankara conference on mudbrick [7] 
proposed lines of research on shelters and temporary low-cost protection. However, 
the design, construction, aesthetics, cost and long-term effects of shelters have not 
received much attention until recently. In the protection of adobe sites from the 
weather, shelters have an important role. 

There are three important criteria that should be considered in research into 
shelter design and materials. These, in order of importance, are effectiveness, cost, 
and visual or aesthetic impact on the scene. Effectiveness should cover all the 
desirable requirements mentioned above for site protection; cost is obviously 
important, especially in remote or poor areas, and the aesthetic appeal is relevant 
where a site is on show to visitors. All shelters will intrude on the landscape to 
some extent, but a sensitive design will clearly find more acceptance that one at odds 
with the structure it is protecting. Adobe is especially demanding because of its 
earth color, rounded and weathered contours and the fact that often it can be 
overpowered by modem materials such as steel which lends itself to rectilinear 
design and construction. 

A synthetic, knitted shadecloth (or "aerotextile"), originally developed for the 
horticultural industry, was chosen for evaluation as a shelter material. Fig. 14 
shows the structure of the 70% shade density grade. Shelter designs usually try to 
totally protect easily weathered material like adobe. The basic premise in proposing 
this open-weave textile for testing was that in many cases a completely water-proof 
shelter may not be needed, particularly if the adobe site can be treated, as part of the 
site protection program, with a chemical preservative. 

The advantage in testing this aerotextile for shelter use are: 

-It breaks the force of rain and will prevent snow from accumulating on the 
structure. 

-It has a wind attenuation factor of 60-70 percent (for the 70 percent density 
fabric, as shown in Fig. 15). It thus breaks the force of the wind, without any 
possibility of creating dangerous turbulence which is always a hazard with shelter 
roofs and walls that are solid. It will also cause wind�bome sand to be deposited if 
side screens are used. 

-The textile is available in a range of "shade densities" of 40, 50, 70, 90 percent 
light reduction. 

-It can be used to ameliorate thermal stress on fragile or heat-susceptible 
structures (e.g., east-facing walls) when an appropriate shade density is chosen. 

-It will inhibit growth of vegetation on sites by cutting down light. In many 
ruins growth of weeds and robust plants causes great damage through invasive root 
systems. Thus it will also cut down on the need for expensive maintenance and 
herbicide treatment. 

-It is inexpensive; has a 25-year guarantee in any outdoor situation (the 
polymer is UV-stabilized polyethylene) and is light in weight and easily transported. 
It could find application in remote areas and in third-world countries where 
relatively unskilled labor could be used in construction. 

-Being light in weight, open-weave, and tear-proof it does not demand the 
use of massive (and costly) support structures but can be constructed on light tubular 
steel and wire framework. Methods of fixing the textile to free-standing frame
works are well established. In addition, conventional shelters of steel, bricks or 
concrete are normally supported by robust pillars, the installation of which pose a 
threat to a site both in the excavation of post holes and in the use of heavy 
machinery for the handling and erection of the structure. 

-It allows circulation of air and thus avoids the stagnant microclimates 
characteristic of totally enclosed protective shelters. 

-It is available in a variety of colors, beige, brown, black, green, white --- the 
beige probably being most suitable for an adobe site. 

-If handled sensitively in shelter design it need not intrude unduly on the 



Figure 13. Photograph of control wall 
(#40) with thermocouples hooked up 
to data logger for exterior surface and 
internal temperature monitoring. 

Figure 1 4. Structure of aerotextile 
material with 7 0 %  shade density. 
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Figure 1 5 . Graph showing effect that 
different density grades of aerotextile 
material has on mean wind speed .  
Curves A ,  B. C ,  D,  E correspond to 
density grades of 40\ , 40\ , 50\ , 70\ , 
and 80\ , respectively. Solid line 
represents measured wind speed ,  
dashed line represents predicted wind 
speed. ( Information provided by 
Technisearch, Melborne, A u stralia). 
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historic landscape of the site it is protecting. 

There are apparent disadvantages in the use of this material: 

• Being open-weave it is not water-proof. 
• It is not fire-proof and is easily vandalized.. 
• It will tend to sag slightly between supports and cause drips at particular 

points. These will erode holes in adobe. 
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The main disadvantage of the textile, that of being non-waterproof, can 
probably be overcome by treatment of the material being protected with a chemical 
preservative; deep surface impregnation rather than bulk infiltration may be 
sufficient. 

Technology transfer of existing materials - such as aerotextiles and geotextiles 
(as discussed in the next section) - from the horticultural and civil engineering fields 
respectively, to applications in adobe site-preservation research, indeed, heritage 
sites in general, has many clear benefits. The development work has been done and 
the materials are being marketed internationally and have proven acceptance and 
durability. Furthermore, they are often available in a range of grades which allows 
matching with site requirements. Thus, by comparison with steel-roofed 
constructions, material such as aerotextiles would appear to have great advantages 
in cost-effectiveness, ease of erection, and aesthetic acceptance with minimal 
intrusion on the historic site landscape. Two aerotextile shelter designs were used at 
Fort Selden and are shown in figure 16. These are an A-frame shelter (walls #38 & 
39) and a puckered hexagonal ring structure (wall #37). 

Ground-Water Control and Water-Proofing Foundations. 

The problem of ground-water control has been reviewed thru 1979 by Clifton and 
Davis [13]. These authors also discuss the possibility of water-proofing foundations 
and underlying soil and conclude that the approach appears worthy of evaluation in 
field testing. 

In general, ground-water control is best handled by installation of drainage 
systems. Trials are being carried out at Fort Selden on drains of advanced design. 
These are less intrusive of soil (and archaeological deposits) around the base of 
adobe structures than traditional gravel-filled drains (Fig. 17). Stripdrain and 
Cordrain are such drains. They consist of a non-woven polyolefin geotextile sheath, 
as a filter to prevent clogging, surrounding a dimpled plastic core (40 rom wide in 
the case of Stripdrain). This material is superior to conventional slotted agricultural 
drain-pipe on the following counts: 

• It is more efficient as a filter in preventing blocking. 
• It is able to intercept water flow in several subsoil layers and enables 

drainage of high volumes. 
• It is tolerant to grade inconSistencies over long lengths. 
• It can be installed in narrow trenches with minimal excavation of subsoil. 
• It is stiff vertically and can bridge small variations in the trench base. 
• It is flexible and can be bent around comers. 

Reburial 

Many authorities consider reburial of an excavated site - adobe as well as other 
categories of archaeological sites - as the only responsible measure when protection 
and preservation are not possible [14]. Adobe sites, in particular, deteriorate rapidly 
on exposure as previously stated [14]. Yet little work has been done on the 
effectiveness or otherwise of reburial as a preservation method. Soil disturbance on 
excavation increases permeability, and if the excavation material is used as backfill 
the percolation of water and aq:ess of air is increased. Thus, reburial may, in some 
instances, cause unwitting accelerated deterioration. 

A common practice in reburial is to use a layer of clean sand as a marker in 
the event of future re-excavation. In remote areas sand is not always available and 
transport costs may be high. Sand is ineffective in covering and delineating vertical 
surfaces that are being reburied. These considerations have prompted consideration 
of the need for assessment of geotextiles as a reburial shroud for adobe (and other) 
structures. This fabric is available in different weights and is used as the external 
sheath in the geodrain systems already discussed. The fabric is permeable and will 
not create wet, anaerobic conditions around structures that plastic sheeting - which 
has been used on some sites - may cause. It will conform to the profile of a structure 
and provide physical protection on both burial and re-excavation. 

Two walls (#43, 44) have been used for this experiment, in which half the 



Figure 16. Photograph showing 
adobe test walls (#38, 39) protected 
by A-frame, aerotextile-covered 
shelters, and (#37) by hexagonal 
shaped 'puckered' shelter with 
aero textile roof. 

Figure 17. a) Close up ot geodrain 
showing black plastic core and white 
geotextile fabric. Manufactured 
under the name Cordrain, by Nylex 
Corp., Australia. b) Photograph 
showing geodrains in place and being 
buried by author. 
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wall was built below grade (see Fig. 18). The experimental wall was draped with 
Mirafi 140 NS geotextile and then buried until only the top of the wall showed. The 
control wall was was not draped but was similarly buried. Both walls have been 
water sprayed. 

Structure Reinforcement 

Damaged adobe sites may result from weathering or seismic activity. The 
effectiveness of synthetic internal reinforcing bars ('geobars') on test walls at Fort 
Selden is being assessed. The bar is a rigid, fiberglass rebar 12.5 mm in diameter, 
externally ribbed. It is non-rotting and non-corroding. Test wall configurations 
similar to that shown in Fig. 19 are being tested. Two methods of inserting the rods 
have been used. In both a 13 mm pilot hole is first drilled into the adobe wall. This 
is then filled with water and the resulting mud is extruded using a 50 mm auger bit 
(with extensions as necessary). The geobar is inserted and in one case the hole is 
filled with mud, in the other polyester resin was poured to fill the hole, thus giving 
a 50 mm diameter rigid rod. Two walls (#41, 42) were reinforced with the geobars; 
however wall #42 has collapsed leaving one geobar-reinforced wall for evaluation. 

Conclusion 

The Fort Selden field experiment was designed and set up as a large-scale outdoor 
laboratory experiment to assess certain treatments as a preliminary to real-site 
implementation. In order to achieve results within a reasonable time frame an 
accelerated weathering spray system was used. Results of two and a half years of 
combined natural and artificial weathering are appearing. It is expected that final 
comparative evaluation of the various measures implemented on the test walls will 
be possible by the end of 1991. 
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ABSTRACT 

Treatment o f  adobe with 
hexamethylene di i s ocyanate
de rived po lymers and s i l anes 
increases compre s s ive 
st rength and cons o l idat i on ,  
and enhances resi st ance to 
di s aggregat i on by water . T o  
better underst and the 
modi fi cat ions of the 
propert i e s  of natural adobe , 
the e ffects o f  t reating 
individual components of 
adobe ( clay,  s i lt ,  and s and) 
with chemi cal consol idants 
were examined . Several 
d i f fe rent cl ays ( Na- and Ca
montmo r i l lonites and k a o l i n )  
were t reated with is ocyanate 
and s i lane s as we re mixtures 
of c l ay and quart z s and, 
quart z sand a l on e ,  and 
adobe . X-ray di f fract ion 
( XRD ) anal ys i s ,  s canning 

e lectron microscopy ( SEM) , 
grain s i z e  anal ys i s ,  water 
sorption anal ys i s ,  and 
compre s s ion testing were 
used to evaluate the e f fects 
o f  the chemi c a l s  on 
cons o l i dat i on ,  modi f i cat i on 
o f  compress ive st rength ,  and 
resi stance to disaggregat ion 
by wat er in c l ays , s and-clay 
mixture s ,  and adobe . The 
results of the se evaluat ions 
indicate that the c l ay type 
p l ays a s i gn i f i cant role in 
the propert i e s  o f  
i s ocyanate- and s i lane
t reated adobe . 

KEYWORDS 

Adobe,  cl ays , compre s s ive 
strength, consol idat i o n ,  
i s ocyanates , s i lane s ,  wat er 
repe l lency , x-ray 
d i f fract ion analy s i s  

TABLE I : Evaluation Of Compression Tests 

on Sand:Clay Plugs 

C l ay type Mean Stress & Mean Modulus 
(Letter refers (Std. Deviation)  & (Standard 

to f i gures at Fai l ure) in Deviation) i n  
I and 2 )  MPa MPa 

KGa-2 (A)  0.099 (O.027l 1 1 . 1 24 (4.305) 
KGa-2 (6) 2.695 (0.360) I 1 6.563 (35.335) 

KGa-2 (C) 3.220 (0.9 1 6) 1 47.49 1 (64.594) 
KGa-2 (D)  2. 1 96 (0. 1 60) 1 24.9 3 1 (42.099) 
KGa-2 (E ) 1 .627 (0.200) 92. 1 69 ( 1 5.699) 

SAz- I (A) 0. 1 3 1  (O.037l 1 0.776 (5.4 1 6) 

SAz- I (B) 1 . 1  04 (0.2 1 2) 74. 1 67 ( 1 9.636) 
SAz- I (C) 2.676 (0.306) 1 6 1 .605 (66.047) 
SAz- I (0) 1 .400 (0 226) 99.407 (27.434) 
SAz- I (E) 0.93 1 (0. 1 40)  67.423 (25.340) 

SWy- 1 (A) 0.0 1 5  (0.003) 1 .646 (0.6 1 9) 
SWy - 1  (B)  0.099 (0.04 1 )  1 3.746 (6.042) 
SWy- 1 (C)  0.297 (0.297) 20.353 <3 .79 1 )  
SWy - 1  (0) 0.456 (0.059) 45.50 I ( I 0.637l 

SWy- 1 (El  0.365 (0 027) 27.22 1 (5 356) 
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Background and Introduction 

This study was initiated by our interest in chemi cal and phy s i cal 
methods o f  pres ervat i on of historic and archaeological e arthen 
structure s ,  spec i f ically adobe . Many cultural structures are 
constructed of adobe,  which e a s i l y  l oses structural integrity when 
wette d .  P re l iminary l aboratory work dealt with the inte ract ion of 
various chemical con s o l idants with adobe [ 1 ] . After i s ocyanates 
and s i l ane esters were shown to be succe s s fu l  in con s o l i dating 
adobe , work focused on the interact ion o f  those consol idant s with 
pure c l ay s ,  s ince these are the component s most a f fe cted by 
wett ing . This pha se o f  research invo lved studying the e ffect s of 
speci f i c  chemical consol idant s ( i socyanate [ hexamethylene 
d i i s ocyanate ( HD I ) -derived polymers ] and s i l ane s )  on pure cl ays . 
The resu l t s  showed that treatment of c l ays with i s ocyanat e s  and 
s i lanes markedly increased the c l ay ' s wat er repe l l en cy but did not 
con s o l i date the c l ay [ 2 ) . Although chemical treatment inhibit s 
wate r  upt ake and part i a l ly binds the c l ay part i c l e s  t ogethe r ,  it 
does not prevent failure o f  individual c l ay part i cl e s  when 
sub j e cted to deformat i onal stres s .  

Materials and Methodology 

After f a i l ing to consol idate pure c l ays by chemi cal treatment the 
next step was to make an artificial adobe by combining three part s 
quart z s and (with a un i form part i c l e  s i z e  of 0 . 5  mm) with one part 
c l ay . This mixture resembles a "typ i c a l "  adobe and, when wetted, 
resulted in a workab l e ,  coherent , art i fi c i a l  adobe mat eri a l . 
Three sets o f  art i f i c i a l  adobe were made us ing three different 
cl ays obt ained from the Clay Minerals Society, Source C l ay 
Mine rals Rep o s itory at the Department of Geo l ogy , Univers ity of 
Mis souri , Co lumb i a ,  Mi s s ouri . The clays are : 

A) SWy- 1 ,  Na-montmo r i l lonite , Crook Count y ,  Wyoming ; 
B )  SAz- 1 ,  Ca-montmo r i l lonite , Apache Count y ,  Ar i z ona ; 
C) KGa- 2 ,  Kao l i n ,  Warren Count y ,  Georgia . 

Test p lugs were manufactured by combining the s and : c lay 
mixture with water to form a vis cous s lurry that was poured into 
sma l l  (22 mm x 40 mm) cyl indrical molds . P lugs of adobe were 
manu factured in a s imilar fashion by dis aggregat ing adobe bl ocks 
obt ained from Ft . Selden , New Mexi c o ,  then reconst itut ing the 
material with wat er into a vis cous s lurry and recasting it in the 
cyl indrical molds . Pure quart z plugs were a l s o  made by grinding 
the quart z s and to obtain a var iable s i z e  range distribut i on . 
This was then s ieved and recombined in the f o l l owing proport i ons : 
< 4 5  �m = 5 % ,  4 5  �m to 7 5  � = 5 % ,  7 5  �m to 1 8 0  �m = 1 0 % ,  and > 1 8 0  
�m = 8 0 % .  This material was then mixed with water and poured into 
the molds . After the molds were f i l led they were p l aced in an 
oven set at 5 0 0  C to dry . The resulting s and : cl a y ,  adobe , and 
quart z p lugs we re removed from the molds and given t ime t o  
equ i l ibrate with the ambient laboratory condit i ons ( 2 2 0  C ,  4 0 - 5 0 %  
RH) • 

Aft er equ i l ibrat i on to a const ant weight , the p lugs were 
treated with e ither an i socyanate or a s i l ane . The i s ocyanate ( an 
HO I - derived prepolyme r )  i s  manufactured commerci a l l y  by Mobay 
Corporat ion under the name De smodur N- 3 3 9 0� ( DN- 3 3 9 0� ) and i s  
produced a s  a 9 0 %  concent ration in a n  aromat i c  hydrocarbon and n
buty l  acetate mixed so lvent . Treatment requ i red di luting the DN-
3 3 9 0� with a 2 :  1 xylene : methyl ethyl ketone (MEK) s ol vent mixture 
to form s o lut ions with concent rat i ons o f  5 %  t o  2 5 % . The s i lanes 
were t et raethyl ortho s i l i cate ( TEOS , ( C2H50) 4 S i ) ,  with and without 
methy lt riethoxy s i l ane (MTEOS , CH3 ( C2H50 ) 3 S i ) , whi ch is added t o  
achieve wate r  repe l l ency . According to the manu facturer these 
cont ain 75% act i ve s o l ids in an acetone -MEK s o l vent and are 
prod�ced by Pro SoCo Inc . under the name Conservare Stone 
St rengthener HTM ( S S - H ,  with MTEOS ) and Conservare Stone 
St rengthener OH� ( S S -OH , without MTEOS ) . The s i l anes do not 
requ i re addit i onal mixing with so lvent s . The i s ocyanate 
po l yme r i z e s  in s itu by react ing with water inherent l y  present in 
the c l ays t o  form urea l inkages with release o f  carbon dioxide . 
The s i lanes po l ymeri z e  by hydrol y s i s  with atmospher i c  and in s i tu 
moi sture , whi ch creates a network S i - O  polymer that t i e s  int o and 
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F i gure 1 .  Re sults o f  
compre s s ion tests showing 
mean stress at failure for 
unt reated and i so cyanate- or 
s i l ane-tre ated s and : clay 
plugs . 

TABLE I I  Evaluation of Compression Tests 

on Adobe, and Quartz Pl ugs 

Plug Type Mean Stress & Mean Modu 1 us 
(Let ter refers (Std. Deviation & (Standard 

to figures at Fai lure) In Deviation) i n  
3 a n d  4) MPa MPa 

Adobe (A) 0.975 (0. 1 70) 93. 1 99 (45.338) 

Adobe (8) 3 .2 1 8  (0.558) 28 1 . 1 55 ( 1 1 8.578) 
Adobe (C) 4. 1 57 (0.877) 274.9 1 5  (53 243) 
Adobe (0) 4.679 (0 557) 338.6 5 1  (50 280) 
Adobe (E)  8.070 (2.236) 399.022 (97.507) 
Adobe (F) 1 2 082 <3. 342) 5 1  1 .326 (78 337) 

Adobe (G) 5.862 (0.884) 47 1 .56 1 ( 1 5.782) 
Adobe (H) 5.667 (0 723) 453.604 (88. 1 98) 

Adobe ( J ) 1 .466 (0 43 1 )  89.5 1 1 ( 1 4.2 1 9) 
Adobe (J) 2.305 (0 3 1 8) 1 73.542 (41 .45 1 )  
Adobe (K) 2.558 (0.595) 1 99.973 ( 1 9. 1 50) 
Adobe (L) 2.482 (0.474) 1 87.2 1 3  ( 1 8.090) 

Quartz (A) 0.05 1 (0.0 1 5) 9 029 (6.807) 
Quartz (8) 3.469 ( 1 .40 1 )  245.830 ( 1 56 099) 
Quartz (C)  1 .700 (0 39 1 )  I 1 0.56 1 (58.729) 
Quartz (0) 0.5 1 7  (0. 1 34) 45.776 ( 1 5. 1 54) 

Consolidation Studies 

cro s s  l inks the substrate being treated . 

E ach plug was t reated with 3 to 6 ml o f  solution,  then 
covered to inhibit so lvent evaporat i on and permit thorough 
penet rat i on of the cons o l i dant int o  the plugs . After tre atment 
and curing, the plugs were tested for compre s s ive st rength, 
r e s i s t ance to d i s aggregat i on in wat e r ,  and porosity . A set o f  
unt reated plugs was a l s o  tested to deve l op basel ine value s . 
Compress ive st rength determinat ions were obt ained us ing an Inst ron 
Universal Testing Instrument , mode l 4 2 0 1 ,  with a 5 0 0  Kg capacity 
compre s s ion load ce l l . The s amples were tested us ing a crosshead 
speed of 5 mm/minute with a s ampl ing rate of 10 points per s econd . 
Wate r  repe l l ency and resi stance to disaggregat ion by wate r  was 
det ermined by submerging the sand : cl a y ,  and adobe plugs in wat er 
for approximat e l y  48 hours . The plugs were removed from the wat er 
and weighed, pl aced in an oven at 500 C for a minimum o f  48 hours , 
rewe i ghed, and pl aced back int o  water . The plugs· went through ten 
wet-dry cycles or unt i l  they began dis aggregat ing . Mercury 
injection poros imetry was used for porosity measurements on sma l l  
pieces ( approximately one to two cubic cent imeters ) o f  t re ated and 
unt reated adobe s ampl e s . 

The re lat i onship o f  i socyanate solut i on concent rat i on and 
number of app l i cations with depth of penet rat ion and con s o l i dation 
was also examined . Three i s ocyanate s o lut i ons (DN- 3 3 9 0� + MEK ) 
were mixed in concent rat i ons o f  2 5 % ,  1 2 . 5 % ,  and 6 . 2 5 % . Each 
solut i on was brushed onto a 1 6  cm x 10 cm area of an adobe block,  
from Ft . S e lden,  New Mexi c o ,  in 1,  2 ,  4 ,  8 ,  and 1 6  coat 
app l i cat i ons . The treated bl ocks were wrapped in p l a st i c ,  cured 
for two weeks , then uncovered and cut in ha l f .  One hal f was 
archived for future study whi l e  the other hal f was p l aced in a 
l arge cont ainer of wat er t o  wash away the uncon s o l i dated port i on . 

Experimental Results 

The results o f  compre s s ion tests for the s and : c lay ( artifi cial 
adobe) plugs a r e  shown in t able I and f i gure 1 .  Unt reated 
artificial adobe plugs failed at l ow stre s s  leve l s  ( 0 . 0 2 MPa to 
0 . 1 3 MP a )  in the fo l l owing order o f  decreas ing st rengt h ,  SAz - 1  > 
KGa-2 » SWy- 1 .  Chemical treatment markedly increased the 
compre s s i ve st rength of the plugs and altered the st rength 
re l at i onships to the f o l l owing , KGa-2 > SAz - 1  » SWy- 1 .  Both 
i socyanate- and s i l ane-treated p lugs exhibited between a s i x- to 
thirt y-two - fo l d  increase in compre s s i ve st rength ,  based on mean 
stre s s  value s . P lugs made with c l ay SAz - 1  exhibited a twenty-two
f o l d  increase in compress ive st rength when t reated with 
i s ocyanat e ,  and a ten- fold increase when t re ated with the s i lane s . 
Treatment with the s i l anes resulted in a thi rty- f o l d  increase in 
compress ive strength for tho se plugs made with c l ay SWy- 1 ,  whereas 
i s ocyanate t reatment only resulted in a twent y-fold increase . 
Both i socyanate and s i l anes caused comparable increases in the 
compress ive strength of plugs made with clay KGa-2 . 

Table I I  and f i gure 2 show i s o cyanate treatment o f  the adobe 
plugs resulted in a three- to twe lve- fold increase in compre s s ive 
st rength ove r unt reated adobe . Treatment with e ither s i l ane 
resulted in a s ix- fold increase in the compress ive st rength 
relat ive to unt reated adobe . For most of the adobe s amp l e s  te sted 
the s i l ane-t reated plugs exhibited a greater compre s s ive st rength 
than the i s o cyanate-treated plugs . However the s i l ane l oading of 
4 . 3% - 4 . 5% was greate r  than the l oading on any of the i s ocyanate
t reated s amples ( see figure 2 ) . In spite o f  thi s ,  an i s o cyanate 
l oading of 3 . 2 % resulted in a greate r  increase in compress i ve 
st rength than was observed for the s i l ane-t reated s amples . Thi s ,  
t ogether .with the results i n  t able I and figure 1 ,  indicate that 
at equ ivalent l oadings the i s ocyanate s  would be superior to the 
s i l anes for enhancing the compre s s ive st rength of artificial and 
natural adobe . 

Table I I  and figure 2 a l s o  show that wet , i s ocyanate-treated 
adobe has a compress ive st rength simi l a r  to dry , unt reated adobe . 
I socyanate-t reated adobe sub j ected to mult iple wet - dry cycles i s  
weaker than a s imilarly t reated adobe not expo sed t o  wet -dry 
cycling, although it st i l l  rema ins st ronger than the init i a l  
unt reated adobe . The compre s s ive strength o f  untreated and 
t re ated pure quart z p lugs is a l s o  presented in t able I I  and figure 
2 .  I s o cyanate treatment increased the compre s s ive st rength of the 
quart z plugs e ighty-fold,  whe reas s i l ane treatment resulted in a 
ten- and thirty-three-fold increase ( S S - OH and S S - H ,  
re spective l y )  . 

F i gure 3 demonstrates how chemica l l y  t reated s and : c lay . and 
adobe p lugs withstood d i s aggregation in wate r  relat ive to 
unt reated plug s ,  and t o  e ach othe r .  Unt re ated adobe and p lugs 
made with quart z s and and c l ay SAz - 1  or KGa - 2  (Ca-montmor i l lonite 
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and kao l i n ,  re spect ive l y )  dis integrated as soon as they came in 
conta ct with water . The plug made with c l ay SWy - l  (Na
montmo r i l lonit e )  did not disaggregate ;  instead it abs o rbed water 
and swe l led into a ge lat inous mas s . F i gure 3 also shows that 
p lugs made with k a o l in were very resistant to dis aggrega t i on by 
wate r  once they had been chemically t reated, regardl e s s  of the 
type of consol idant used.  I s ocyanate treatment provided exce l leDt 
re s i stance to deteri orat i on by water for the adobe plug and only 
s l i ght l y  l e s s e r  protect i on for the s and : c lay plug made with c l ay 
SAz - 1  which deteriorated during the tenth wet - dry cycl e . However ,  
the i s ocyanate and S S -H had l imited succe s s  i n  prevent ing 
disaggregat ion o f  the p lugs made with c l ay SWy - 1  whi ch began 
disaggregat ing a fter four wet -dry cyc l e s . In contrast , S S - OH 
provided very l ittle protect i on against deteriorat ion by wate r  for 
the s and : clay p lug made with clay SWy- 1 .  Ne ither o f  the two 
s i lanes provi ded protect ion for plugs made with c l ay SAz - 1 . 
However ,  both s i l anes were part i a l l y  succe s s ful in protecting the 
adobe plug against rapid deteriorat i on by wat e r ,  with S S - H  
outperforming S S -OH . 

The eva luat i on of po l ymer concent ration and number o f  
appl i cat i ons with depth o f  penetrat i on revealed that the deepe st 
penet rat i on was attained by applying s i xteen coat s o f  the most 
di lute ( 6 . 2 5 % )  so lut i on . Figure 4 shows the dif ference in depth 
of penet rat i on between natural adobe blocks t re ated with the 6 . 2 5% 
s olut i on and the 25% so lut i on _ S i xteen coats o f  the 6 . 2 5 %  
so lut i on con s o l i dated approximat ely 9 2 0  cc o f  adobe , whi l e s imilar 
app l i cat ions us ing concent rations o f  1 2 . 5 % and 2 5 %  resulted in 
con s o l idat i on o f  6 8 0  cc and 4 7 0  cc of adobe , respect ive l y . 

Porosity measurement s ,  us ing me rcury i n j e ct i on poros imet ry,  
we re made on a number o f ' tre ated and unt reated adobe p lugs . The 
porosity of unt reated s amples var i ed ,  ranging from 1 3 %  to 2 5 % _ 
P o r o s it y  measurements of the t reated plugs a l s o  fal l within this 
range . Because o f  thi s ,  no difference in porosity was 
dist inguished between unt reated and t reated s amp l e s . However the 
sma l l  volume of the test specimens is probably insuffic ient to 
ensure stat i st i cal homogene i t y ,  and a i r  voids could e a s i l y  account 
for the wide range of values 

Discllssion 

Tables I and I I  and figures 1 and 2 ,  show that the compre s s ive 
st rength of adobe is far greater than that of sand : cl ay p lugs . 
This i s  be l ieved to be a funct ion of the grain s i z e  distribut ion 
and compo s i t i on . Natural adobe i s  made of part i c l e s  with a wide 
grain s i z e  distribut ion ranging from pebble- or granu l e - s i z e  down 
to c l ay- s i z e . Therefore the part i cl e s  are c l o s e l y  packed with 
abundant grain-to-grain contact s ,  minima l  pore space , and good 
cohe s ion . In addit i on ,  much of the adobe material is composed o f  
hard, resi st ant part i cles such as quart z or feldspar . When this 
material is t reated with i socyanate or s i l ane esters , a part i cle
to-part i c l e  bond i s  formed by the po lymer which glues the ma s s  
togethe r and enhances th8 cohe s ivene s s  of this natur a l l y  st rong, 
coherent material . In cont rast the s and : c l ay p lugs cont ain 
mat e r i a l  with two dist inct grain s i z e s : s and- s i z e  and c l ay- s i z e . 
The s and- s i z e  quart z part i cl e s  are very st rong and coherent 
part i cl e s  that provide most of the structural st rength of the 
plugs . However ,  the c l ay part i c l e s ,  whi ch are inherent l y  weake r ,  
act primar i l y  as binder or f i l l e r  between the quart z grains . 
Compared with adobe , this type of mixture has fewer grain-to-grain 
cont act s ,  more pore space , and i s  an inherent ly weaker mat e r i a l  
that c a n  fai l e a s i l y .  The difference between adobe and sand : c l ay 
plugs i s  shown in figure 5 .  When s and : clay p lugs are t re ated with 
i s ocyanate or s i l ane esters the polyme r bonds to the quart z grains 
and to the outer surfaces o f  the c l ay part i c l e s . However polymer 
cannot penetrate between individual c l ay layers and plug fai lure 
occurs by de l aminat i on . o f  the c l ay layer� when sub j e cted t o  
de format ional stre s s . 

The e f fe ct o f  grain s i z e  and composit ion i s  further 
demonstrated by the enhanced compress ive st rength of con s o l i dated 
pure quartz p lugs , as shown in figure 2 and t able I I . The init i a l  
st rength o f  t h e  p lugs , which i s  s im i l ar to that o f  s and- c l ay 
plugs , i s  due t o  the quart z grains and a weak cohe s ion between the 
var i ab l e - s i z ed part i c l e s . Howeve r ,  the compres s ive st rength o f  
t re ated pure quart z p lugs more c l o s e l y  app roximates the 
compre s s ive st rength of t reated adobe p lugs . Thi s is probably 
becaus e  the init i a l  st rength o f  the quart z part i c l e s  is enhanced 
by the supporting s i l i ca-po l ymer network . 

Thi s  research shows that the treatment o f  s and : clay and adobe 
plugs with i s ocyanate and/or s i l anes results in con s o l i dation and 
enhances the abi l ity of the p lugs to re s i st rapid deteriorat ion by 
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expo sure to wate r .  In sand : clay plugs , the degree of r e s i st ance 
to deteri orat i on appears to be contro l l ed by the c l ay mineralogy 
and type of consol idant used . I s ocyanate attaches i t s e l f  to polar 
sites that cover the basal surfaces o f  montmo r i l lonites [ 3 , 4 ] . 
P o l a r  s it e s  are a l s o  pres ent on the surface o f  quart z and kao l in 
part i c l e s  in the form of a water f i l m .  T h i s  provides numerous 
attachment s ites that enable the i s ocyanate t o  form strong bonds 
between c l ay and quart z part icles . S i l anes att ach by l i gand 
exchange with OH molecules that occur on the basal surface o f  
kaolin part i c l e s  and o n  the edges o f  montmo r i l lonites [ 4 ] . 
Although l i gand bonding of the s i l anes i s  st ronger than the van 
der Waa l s  and i on-dipo le forces of the i socyanate bondin g ,  the 
sheer number of polar att achment s ites appears to al low the 
i s ocyanate to deve l op a st ronger overal l bonding than the s i l anes 
[ 4 ] . Because s i l anes do not deve l op a st rong enough bond bri dging 

quart z and montmori l l onite part i c l e s ,  p lugs made with those 
mat e r i a l s  are easily deteriorated by the phy s i c a l  movement o f  c l ay 
part i cl e s  as they hydrate and dehydrate . This explains why 
s i l anes did not perform we l l  on montmo r i l l on ite-bearing plug s ,  but 
did perform we l l  on kaolin-bearing plugs . In cont rast , i s ocyanate 
deve l op s  a bond st rong enough to prevent or diminish the 
deteriorat i o n  of the s and : clay plugs by the hydrat ion-dehydrat i on 
act ion . This permit s  the i s ocyanate t o  perform better at 
protect i ng the plugs against deteriorat ion by water . 

The lack of difference in porosity o f  untreated and t re ated 
s amp l e s  i s  probably because neither i socyanate nor the s i lanes are 
heav i l y  l oaded into the sample s . The se polymers form thin f i lms 
over the surfaces o f  the c l ay and s and part i c l e s  instead of 
f i l l ing the pore spaces with polyme r ,  which is commonly the case 
with some chemi cal con s o l idant s .  If sufficient polyme r was 
app l ied, a porosity dist inction would be recogn i z ed because the 
pores woul d  become cl ogge d .  However ,  this could be as or more 
de st ruct ive to adobe than leaving it unt reated . I s ocyanate 
inhib i t s  deteri orat ion by wat er but a l l ows water to p a s s  through 
the adobe , thereby preventing wate r  from becoming t rapped in the 
adobe and caus ing internal damage . Thi s  a l s o  explains why the 
i s ocyanate works so we l l  on adobe . 

I ncreased penetration and consol idat ion as a funct ion o f  
s o lut i on concentrat i on and number o f  app l i cati ons i s  a l s o  related 
to the above . At high concent rations the polyme r s o lut ion become s 
too v i s cous to permit adequate penet rat ion int o the adobe . By 
applying mu lt iple coat s o f  di lute s olut ions the polymer can 
penetrate deeper into the adobe substrate . I f  more concentrated 
s o lut i on s  were used, the polymer could become concentrated at or 
near the surface . This would result in the surface becoming 
sealed against addit i onal t re atment and could a l s o  t rap water 
introduced through cap i l l ary rise from the ground . Thi s ,  in turn, 
could cause accel erated deteri orat ion o f  the interior o f  the adobe 
and lead to premature col lapse of the adobe wal l  or structure . 

Summary 

I s ocyanate and s i l anes have been shown to enhance adobe ' s 
resi stance to disaggregat ion by wat e r ,  as we l l  as increa s ing 
compress ive st rength . Howeve r ,  the adobe ' s  compos it i on and grain 
s i z e  distr ibut ion are important fact ors to cons ider when deciding 
which consol i dant t o  use . It appears that adobes cont aining 
kaolinite are e ffect ively consol idated with s i lane s ,  whereas tho se 
adobes containing montmo r i l l on i t e ,  and / o r  mixed- layer cl ays , 
respond better to i socyanate . 

Succe s s fu l  treatment i s  a l s o  related t o  the polymer s o lut ion 
concent rat ion , and depth o f  penetrat ion . High polymer 
concentrat i on s ,  or inadequate penetrat i o n ,  could result in the 
deve lopment of a polymer- r i ch outer skin . This could cause 
acce lerated deteriorat ion of the adobe by separat ion of the 
t re ated, outer layer from the untreated inner core . This type o f  
phenomenon has been obse rved o n  several i s ocyanate-tre ated t e st 
wal l s  at Ft . S e lden , New Mex ico , where the consol idated outer 
surface has detached from the rest of the wal l . Thi s  is b e l i eved 
to be a result of the dif ference in the coe f f i c ients of expan s i o n ,  
upon wett ing,  between the unt reated and t reated portions o f  the 
adobe . Thi s type of behavior was not obse rved for s i l ane-t reated 
t e st wal l s ,  po s s ib l y  because the s i l anes permit more expans i on o f  
the adobe than does the is ocyanate . This indicates that t o  
succe s s ful l y  t reat adobe,  o r  earthen structure s ,  i t  i s  nece s s ary 
to insure deep penet ration and prevent deve lopment o f  a rigid, 
non-expandable outer skin . 
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ABSTRACT 

Silane esters and polyisocyanates 
were applied to adobe test walls 
in various concentrations and 
solvent mixtures by spraying, 
brushing, multiple coating, and 
bulk infiltration. After one 
month ' s  curing they were sUbj ected 
to an accelerated weathering 
regime of two water spray cycles 
per day for two months , and 
subsequently they were allowed to 
weather naturally . The wal l s  were 
evaluated visually according to a 
nume r i c a l  r a t i n g  s y s t em . 
I socyanates provide very effective 
stabil izatio� by a combination of 
brushing and bulk infiltration, 
but there must be a su itable 
network of accession holes for 
deep del ivery of polymer, and the 
amount of consolidant must be 
optimized. The s ilane ester 
formulation, Stone Strengthener H, 
is easier to apply and gives good 
c o n s o l i d a t i o n  w i t h o u t  
discoloration; but the treated 
walls show erosion not seen with 
isocyanate treated wal l s .  Old, 
aged adobe may require a 
rehydrat ion b e f ore e ither 
consolidation can be done . 
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This study is concerned with the evaluation of chemical consol idants used to 
stabilize old, weathered adobe of historical interest . Adobe test walls were 
treated with different chemicals by a variety of application strategies and 
after curing were subjected to a daily schedule of direct water spraying for 
two months .  This is very severe treatment for adobe . It provided highly 
accelerated weathering and enabled us to evaluate materials and procedures in 
a relatively short time period . 

Test Wall Evaluation 

In the winter of 1988 , twenty-five adobe wall s  were constructed at Fort Selden, 
New Mexico . Bricks , 30 cent imeters ( 12 inche s )  square and 10 centimeters ( 4  
inches ) thick, were made from local clay-bearing soil which contained 9 1% sand 
and 8% silt and clay . The clay consisted of roughly equal amounts of kaolinite , 
illite and smectite . These bricks were made into east-west running walls 150 
centimeters ( f ive feet ) long and tall and 30 centimeters thick, with a mortar 
of the same composition . The walls stood on two layers of adobe brick below 
grade . On each side a surface "plaster" coating made from the same mortar was 
trowelled over the right half of the wall ,  i . e . , an area ISO centimeters ( 5  feet ) 
in height and 75 centimeters ( 2 . 5  feet ) in width.  The walls were allowed to 
weather naturally for several months and in May were treated with a number of 
conso1idant s .  After treatment they were wrapped in polyethylene sheeting and 
allowed to cure for one month and then subjected to water spraying for two 
months . On each side a nozzle four feet from the wall del ivered 22 liters of 
water over a 15 minute period twice a day as a dispersed spray . In addition, 
these outdoor walls experienced an unusually rainy New Mexico summer .  
Photographs o f  northern and southern exposures o f  some o f  the walls treated with 
DN 3390 or silane esters are provided in the left columns . They can be matched 
with descriptions of treatments in Tables 3 and 4 .  

Chemicals and Application Procedures 

Most of the studies focused on two types of consolidant s :  polyisocyanates and 
silane esters . Most of the isocyanate studies were done with DN3390,  is an 
isocyanurate trimer of hexamethylene diisocyanate . It is supplied as a 90% 
concentration in a mixture of n - butyl acetate and aromatic hydrocarbons .  
Stone strengthener H ( SSH ) i s  a mixture o f  methyl triethoxysilane and 
tetraethoxysilane ( ethyl silicate) in a ketone solvent , and it contains 
dibutyltin dilaurate as catalyst . The active component in Stone Strengthener 
OH ( SSOH ) is ethyl s i l icate . The isocyanates were given to us by the Mobay 
Chemical Company while SSH and SSOH were donated by ProSoCo and applied to 
certain test walls by their personnel .  

Both types o f  chemicals seem uniquely suited for adobe because they cure 
by mechanisms that involve water inherently available in clay . The s ilane esters 
hydrolyze to a s i licate network that can crossl ink appropriate sil iceous 
functionality in the adobe while polyisocyanates readily l ink up and consol idate 
in the presence of water through polyurea formation . 

Application was generally done by brushing, but spraying or bulk 
infiltration were used in a number of cases . Bulk infiltration is a procedure 
in which holes are drilled into the adobe wall and funnel s  are used to supply 
the consolidant ; This insures that impregnation at a substantial depth is 
obtained. Where bulk infiltration is used, surface application of consolidant 
by brushing is also employed . 

Generally, no two walls were treated by exactly the same procedure. 
Treatment of wall 18 with DN3390 by a combination of bulk infiltration and 
brushing gave the best stabilization, and its description may be illustra�ive . 
Four evenly spaced 19 mill imeter diameter holes were drilled across the top to 
a depth of 30 centimeter s .  Similarly four hole s ,  one meter above the base, 
evenly spaced horizontally on the south side and one hole at each end, were 
drilled downward at 4 5 °  angles . Also a series of holes was made at 15 cent imeter 
intervals around the base . A solut ion of 9 l iters of DN3390 in 27 l iters of 
methyl ethyl ketone and 27 liters of toluene was prepared . Funnel s  were used 
to deliver 12 liters of this solution through the top hole s ,  8 l iters through 
the side holes and 28 l iters to the base holes . Twelve liters were brushed on 
the surface in f ive coat s ,  and an additional 3 l iters was applied around the 
base . The treated adobe was then t ightly wrapped in polyethylene film for four 
week s .  

* To whom correspondence should b e  addressed 
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Evaluation of the effectiveness of consolidation was done as soon as the 
spraying was concluded, then three months later, and finally after an additional 
twelve months .  Subjective quality rating s ,  ranging from zero for a collapsed 
wall to ten for an unblemished wal l ,  were made separately for brick surfaces 
( Table 1) and adobe mud coated surfaces which are described as "plaster covers" 
( Table 2 ) . separate rating systems were needed because walls with plaster coats 

tended to deteriorate by having the cover pull away from the surface while the 
brick surfaces cracked and eroded . At the conclusion of spraying , one of us 
( CS ) ,  who was not involved in the treatment , created the rating system by a 

genera l ,  overall survey of the test wal l s . The evaluation was carried out by 
an examiner ( C S )  who did not know the procedures that had been used on the 
particular wall being rated . The Getty Conservation Institute ' s  overall program 
at Fort Selden looked at a number of stabilization approaches ,  including the use 
of inserted rebars ,  protective geotextiles and reburial procedures , but this 
presentation 'will consider only the evaluation and comparison of chemical s used 
for consolidation. 

Resu lts with the I socyanate, DN3390 

The results of this study are summarized in Table 3 ,  which is concerned with 
the isocyanate DN3390 , in Table 4, which examines the consolidation of adobe 
with s ilane ester s ,  and in Table S which compares different types of isocyanates . 
Results which describe the effectiveness of DN3390 are developed by comparing 
the ratings of five treated walls ( 16 through 2 0 )  with an untreated wal l .  The 
untreated wal l ,  wall 2 1 ,  had all but washed away by the time spraying had ended, 
but the treated wal l s  were relatively intact and standing ( Table 3 ) .  There was 
considerable variation in the quality of these consol idated structures . Wall 
18 was essentially unchanged while wal l  19 was badly cracked and eroded . The 
critical difference between the walls was the use of bulk infiltration which 
provided very deep penetration. Wall 18 had access holes drilled across the top, 
in the midsection and around the base and the largest amount of consol idant , 9 
liters , was used . The second best wal l ,  wall 2 0 ,  had infiltration holes only 
across the top and along the base and employed much less consolidant , 3 l iter s .  
This wall received a rating o f  28 ( out o f  a possible maximum o f  40 ) versus a 
value of 37 for wall 18 . The plaster layer on the south side of wall 20 had 
pulled away , not at the top but in the lower part of the wal l .  These findings 
suggest that good results can be obtained with less consolidant but that broader 
placement of infiltration holes is important . In the walls where only brushing 
was used , and where there was no direct deep placement of consol idant , results 
were poorer . There was more cracking and breaking off of adobe . Generally, the 
peeling away of the plaster coat was a more critical and noticeable problem than 
the deterioration of the brick surface . 

Studies were made on the depth of penetration achieved by brushing . Samples 
of adobe powder were obtained at measured distances from the surface by drill ing. 
In laboratory studie s ,  these were brought to constant weight at 1S0°C to drive 
off water and then heated at 600°C in air to burn off the polyme r .  weight and 
concentration of polymer were then determined by dif ference . A sample result 
for wall 17 is shown in Figure 1 .  This wall had 4 liters o f  DN3390 brushed over 
the top and s ide s ,  which is a relat ively large amount . Typically polymer 
concentrations between one and two percent are found within the outer inch of 
adobe . Very much less occurs between one to two inches from the surface , and 
essentially no polymer can be found any deepe r .  We did notice in other studies 
that when large amounts of solution are used on upper surface s ,  polymer is found 
deeper into the brick at lower levels of the wal l .  

T1\BLE 3 

COHPJ\RISON OF THE CONSOLID1\TION OF ADOBE WALLS WITH DN3390 USING DI FFERENT MOUNTS OF ISOCYANATE AND 
OIFFERENT APPLICATION STRATEGIESA 

WALL AMOUNT OF DN3 3 9 0  DELIVERED IN LITERS SUMMARY OF Rl\TINGS 

Brushed on Applied INTERNAL BULJt. DELIVERX' NORTH SOUTH TOTAL 
TOTAL Top ' sides To Base TOP MIDSECTION BASE BRICK PLASTER BRICIt PLASTER RATING 

10 3 . 0  2 . 0 1 . 0 2 2  

17' 4 .  S 4 . 0  O . S  2 3  

18 •• 0 1 . 7  • •  S 1 . 7  1 . 1  4 • •  10 37 

1. 4 . S  l o S  3 . 0  15 

2 0 3 . 0  1 . .  O . S  • •  6 O • •  28 

2 1  none 

A .  All runs ( except 17) at 12 . 8 \  ON 3 3 9 0  in equal volumes of methyl ethyl ketone and lD.ixed xylene •• 
N o  catalyst was used. 

B. Material delivered into deeply drilled holes by using funne l s .  

C .  Approximately one-third of t h e  O N  3 3 9 0  was at 6 . 4 \ concentration. 
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The runs in Table 3 show that , in general , better results are obtained with 
brushing when more consol idant is used . Our results also indicate that it is 
better practice to apply more solution at the upper sides and top rather than 
to drench the base . This is confirmed by comparing walls 17 and 19 . In each 
case 4 . 5  liters of DN3390 were del ivered . In wall 1 7 ,  4 . 0  l iters were put onto 
the top and sides and 0 . 5  liters to the base . For wall 19 , 3 . 0  liters were put 
into the base by bulk infiltration, and only 1 . 5  l iters were used on upper 
surfaces . Wall 19 showed the poorest consolidation of any of the wal l s  treated 
with DN3390 . Overall the studies show that the isocyanate can provide ef fective 
consolidation of adobe , but there must be a suitable network of accession holes 
for bulk infiltration of polymer and the amount of consolidant must be opt imized. 

Results with Silane Esters 

Eight test wal l s  were used to examine the ability of silane esters to stabilize 
adobe . Table 4 outlines the results where SSH was used on f ive wall s ,  SSOH on 
two wal l s ,  and SSH in a different solvent , mineral spirit s ,  on a single wall . 
All of these systems used 0 . 5% dibutyltin dilaurate as catalyst . In six of the 
series , applicat ion was by brushing or by a combination of brushing and bulk 
infiltration . This was done in a manner to attempt to replicate the application 
procedures used with DN339 0 .  In two cases the silane esters were del ivered to 
the wall by spraying. 

T7!..BLE 4 

COMPARISON OF THE CONSOLIDATION OF ADOBE WALLS WITH SILANE ESTERS USING DIFFERENT AMOUNTS OF CONSOLI DANT 

AND DIFF ERENT APPLICATION STRATEGIES 

WALL S I LANE
A 

METHOD OF AHOUNT DELIVERED I N  LITERS RATINGS 
ESTER DELIVERY TOTAL BY BRUSHING BULK INFILTRATION NORTH SOUTH TOTAL 

'rap &: SIDES BASE TOP MIDDLE BASE BRICK PLASTER eRICK PLASTER 

22 SSH BRUSHING 19 . 5  . . . 0 . 7  2 5  

23 SSH SPRAYING 1 8 . 5  18 . 5  2 7 

24 SSH BULK
a AND 4 5  l3 lO 14 2. 

BRUSHING 

2 5  SSH BRUSHING 22 lO l2 2 .  

2. SSH BULlt AND 18 . 5  7 . 5  1 . 5  • .  5 3 . 0  2 3  

BRUSHING 

2. SSOH SPRAYING 18 . 5  18 . 5  14 

3 0  SSOH BULK AND 10 . 5  1 1 .  5 lO 
BRUSHING 

3 l SSH
c 

BRUSHING ' . 5  • •  8 0 . 7  3 3  

A .  All runs ( except 3 1 )  i n  polar, ketonic solvent. All runs containe<1 catalyst. 

B .  Bulk indicates material vas delivered into deeply drille<1 holes by usinq funnel s .  

c. In minera� spirits 
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In general it was found that SSH was effective while SSOH was not . This 
is not unexpected since the major property difference provided by the two is 
water repellency . The formulation containing methyl triethoxys i lane gives a 
surface that rejects water, while the formulation without the alkyl silane , the 
SSOH, does not , and this makes a critical difference when attack is by spraying 
water . There seemed to be little difference between walls that were treated by 
spraying , brushing or the combination of brushing and bulk infiltration . The 
walls treated with SSH retained their original l ight tan color and showed no 
pull ing away of plaster coat s .  We attempted to determine why these layers peeled 
away from some of the isocyanate treated wal l s  but did not , in any case, do so 
when the consolidant was SSH . Thermal expansion studies done by thermomechanical 
analyses showed no differences between samples treated with DN3390 and SSH . 
However, comparison of swelling coe f f icients by the same procedure suggests that 
adobe treated with SSH is less rigid; this may explain the dif ference . We do 
not have the technology to measure low polysiloxane concentrations in adobe and 
thereby obtain the depth of SSH penetrat ion. The general correlation of non
peeling with the amount of consol idant suggests that stabil ity is also a matter 
of getting sufficient material deeply enough into the structure . 

The SSH treated walls all received a good total rating that appears to be 
independent of the amount of consol idant used or the method of appl ication . This 
is in obvious contrast to results obtained with DN3390 . The low viscosity of 
the silane esters enables large amounts to be applied with ease and to achieve 
good penetrat ion, which is an important advantage . The total quantity of the 
consol idant itself applied in the silane ester tests ran from 9 . 5  to 45 liters , 
a range that was totally above that of the 3 to 9 liters used in DN3390 runs . 
This may explain why results with the isocyanate tests were more dependent on 
the amount of consol idant and the method of appl ication . 

The main problem with walls tre�ted with SSH and a major difference in the 
results obtained with isocyanates was their tendency to show surface erosion. 
Originally the adobe brick walls had a relatively smooth appearance . After 
treatment with isocyanates and subsequent exposure to water, the surfaces 
generally still retained a flat , even quality . They were darker and, depending 
on the amount of DN3390 applied, sometimes were cracked . The surfaces had become 
hardened but were otherwise structurally unchanged . In contrast , the silane 
ester treated surfaces were grainy and eroded and in some cases showed ruts and 
cracks . This difference in behavior is probably generally true in stone 
consolidation, i . e . , where silane esters are compared to thermoset resins like 
epoxies and isocyanates ' for the stabilization of sandstone and l imestone, but 
only in the regime of water attack on treated adobe can this be discerned so 
clearly and so quickly . 

The best result in this series was obtained with SSH in a mineral spirits 
solvent , rather than the more conventional cosolvent , ( approximately 20% methyl 
ethyl ketone 10% acetone ) .  Mineral spirits is a petroleum distil late 
consisting of al iphatic and aromatic hydrocarbons . Wall 3 1 ,  which was treated 
with the silane in this solvent , received a rating of 33 while wall 2 2 ,  treated 
identically except for the use of the mixed ketone solvent , had a rating value 
of 2 5 .  We were able to smell residual aromatic hydrocarbons in the test walls 
after spraying was stopped. It is likely .that the better performance observed 
in wall 31 resulted from the presence of heavier hydrocarbons , which provided 
additional water barrier and repellency properties . 

TABLE 5 
COMPARISON OF THE CONSOLIDATION OF ADOBE WALLS 

USING DIFFERENT TYPES OF DIISOCYANATES AND DIFFERENT AMOUNTS OF CONSOLIDANT 

CONSOLIDANT POONDS OF PLACEMENT OF CONSOLIDANT1 RATINGS WALL 
CONSOLIDANT TOP , SIDES BASE NORTH SOUTH TOTAL E 
USED IN 
HJ\LF WALL'" 

3 3 W  Diphenylmethane 3 . 8  
diisocyanate 

3 3 E  Dicyclohexylmethane 3 . 2  
d i isocyanate and 
catalystC 

H E  D N  3 3 9 0° 7 . 2  

34W DN 3 3 9 0° 1 . 8  

35. Dicyclohexylmetbane 1 . 8  
d i isocyanateO 

3 5 E  Dicyclobexylmetbane 7 . 2  
d i isocyanateC 

3 . •  0 . '  

2 • • 0 • • 

7 . 2  

1 . 8  

1 . 8  

7 . 2  

BRICK PLASTER BRICK PLASTER 

20 

2 .  

12 
12 

A. Each quantity of consolidant was d i s solved in a mixture of 4 . 5  liters of methyl ethyl ketone and 4 . 5  
I i  ters o f  mixed xylenes. 

B .  Application was by brushinq on o f  2 to 6 coats. 

C. Approximately 3 . 0  m i l l i l iters o f  dibutyl tin laurate added to solution. 

o. Approximately 0 . 5  m i l l i l iters o f  dibutyl tin laurate was added to solution. 

E. Total is calculated on a full wall bas i s .  
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Results with Other Consolidants 

other isocyanates examined in this program were diphenylmethane diisocyanate 
and dicyclohexylmethane diisocyanate . Both are commercial products marketed by 
Mobay . Results outlined in Table 5 show that these worked about as well as 
DN3 3 9 0 .  This table also demonstrates that the use of optimum amounts of 
impregnant is needed for good consolidation . In one set the east half of wall 
34 was treated with 7 . 2  pounds of DN3390 , while the west half received only a 
quarter of that amount or 1 . 8  pound s .  Respective summary ratings of 26 and 12 
i l lustrate the benefits of using a sufficient amount of consolidant . Almost 
comparable results were obtained when dicyc10hexylmethane diisocyanate was used 
in a s imilar manner . These experiments are additional evidence of the 
criticality of the amount of isocyanate employed and the lesser importance of 
the type of p�yfunctional isocyanate that is used . 

Two additional treatments should be mentioned . Wall 32 was treated by 
brushing and bulk infiltration with 4 . 4  pounds of Acryloid A-2 1 dissolved in 50 
liters of a mixed solvent consisting of methyl ethyl ketone, xylenes and butyl 
acetate . During the two months of water spraying this wall collapsed . Wall 3 6  
was treated with 3 l iters of D N  3 3 9 0  in much the same way that treatment was 
carried out on wall 16 except that half of the methyl ethyl ketone in the 
cosolvent with xylene was replaced with butyl acetate, and 3 milliliters of 
dibutyltin laurate , catalyst , was added . A summary rating of 26 for this wall 
suggests that neither factor had a major impact on the quality of the treatment . 

Reevaluations at Later Periods 

Reevaluations of all of the walls was done three months and then f ifteen months 
after the initial assessment . A sample of the reevaluation of 10 walls is shown 
in Table 6 .  Wal l s  treated with both isocyanates and silane esters are included. 
These data show that during the year and a quarter after the water spraying there 
was no additional deterioration. An exception to this occurred with wal l s  where 
the plaster coatings had pulled away . This behavior led to initial ratings of 
3 or 4. In most of these cases this separated layer subsequently fell off to 
mandate a drop in rating to a value of one . The ratings,  each time , were done 
without considering the treatment . The consistency of the ratings over time 
provides validation of the evaluation procedure . 

TABLE 6 
REEVALUATION OF WALLS THREE MONTHS AND FIFTEEN MONTHS AFTER THE END OF SPR1\YING 

WALL 1I.MOUNT OF CONSOLI D.ANT 
TO TOP , SIDES I LITERS 

BTYPE SURFACE BULK 

MONTHS ----_._--> 

,. ON3 3 9 0  2 . 38 
17 ON3 3 'l O  4 . 0 B 

,. ON) ) :I  0 1 .  7 B  2 • • 
1 9  DN3 3 9 0  1 .  5 8  

2 0  ON3 3 9 0  LOB O • • 
2 '  SSH 1 8 . 5 8 

2 .  8S0H 1 1 . 5 8 10 

3 1  ssH" 8 . 8B 

3 5w" DCHH 1 . 5B 

,sF:" DCHH 6 .  as 

B. Applied by brushing 

S. Applied by spraying 

NORTH FACE 
BRICK PLASTER 

15 1 5  

1 0  1 0  1 0  

M. Dissolved in mineral spirits instead ot ketone solvents. 

SOUTH FACE 
BRICK PLASTER 

15 15 

1 0  10 

SUMMARY RATING 

Q 15 

2 2  2 5  2 .  

2 '  " 2 0  

3 7  3 .  3 .  

1 5  1 7  1 5  

2 .  3 0  3 1  

2 7  2 .  2 .  

,. ,. 2 1 

3 1  2 5 3 0  

: 2  1 4  1 4 

� . 2 4 2 .  

D .  On wall 3SE and 3SW, the amount o t  consolidant and the summary ratings were doubled to compare on a 
full wall bas i s .  

More Recent Study of Brushing Procedures 

A second set of five test wal l s  was treated with the isocyanate DN 3390 in May 
1989 . The purpose of this test series was to determine if the high quality of 
consolidation that was achieved by bulk infiltration in the previous test wall 
program could be obtained s imply by brushing . The strategy was to use more 
dilute solutions of DN 3390 in order to obtain deeper penetration . The use of 
lower concentrations meant that a larger number of brushings ( more than the 
seven applications typically used in the earlier set ) would be required to supply 
the quantity of isocyanate needed for a very good consol idat ion . 
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Table 7 summarizes the results obtained in this phase and shows the amount 
of DN 3390 as l iters of isocyanate without solvent . These studies were done on 
quarter and half wal l  segments in order to examine more variables but the 
quantities of consolidant are standardized to a full wall value t; simplify 
comparison with earlier studies . The number of brushings was relatively low in 
the f irst two wal l  treatments ( 52 and 53 ) but rose to 11 on wall 54 and 18 on 
walls 55 and 5 6 .  Correspondingly the concentrations , which are not shown , range 
from 12 . 8% to 2 % . 

TABLE 7 
CONSOLIDATION QUALITY RATINGS ON FIVE NEW TEST WALLS 

Wall DN3 3 9 0  solvent Number ot Post catalyst RATING summary 
per full App lications wetting Brick Plaster Full Wall 
wall l i ters Solvent Basis 

52W 3 . 0  II II No 3 0  
5 2 E  3 . 0  II X No 2 2  

53W 1 . 5  II II Yes 0 
5 3 E  1 . 5  II X Yes 2 4  

5 4 .  2 . 3  II 1 1  none No 1 4  
5 4 E  2 . 3  II 11 none Yes 0 

55WW 5 . 2  11+" ,. " No 2 .  
SSWE 5 . 2  11+" ,. none No 2 .  
5 5 EW 5 . 2  II ,. none No 3 0  
55EE 5 . 2  II ,. II No 3 0  

56WW 2 . 6  11+" ,. No 2 4  
56WE 2 . 6  11+" ,. none No 2 4  
56EW 2 . 6  II 1. none No 3 0  
56EE 2 . 6  II 1. II No 3 0  

catalyst was dibutyl tin laurate 
II :: methyl ethyl ketone 
X = mixed xylenes 
B = butyl acetate 

The rating system applied to these walls after one month of being wrapped 
in plastic fol lowing treatment , two months of water spraying, and three months 
of natural exposure is also provided in Table 7 .  Before discussing the numerical 
rating s ,  it should be noted that these five walls were plagued with problems that 
did not seem to beset the original wal l s .  The wall s ,  as delivered b y  the 
contractor before treatment was applied, were of poor quality with much erosion 
and cracking . Apparently some patching was done , but it was not sufficient . 
The left half of wall 53 and the right hal f  of wal l  54 rather quickly collapsed 
when the water spray program was employed . These mass ive failures made no sense 
based on the nature of the treatment . They may have resulted from residual deep 
cracks that permitted spray water to penetrate through the consolidation to the 
core of the wall with the obvious disastrous result s .  These walls may also have 
suffered from an inadequate amount of consolidant around the base . 

Nevertheles s ,  this phase still provided information on the effect iveness 
of multiple low concentration applications . Failed walls were those using the 
smallest amount of consol idant , 1 . 5  and 2 . 3  liter s .  Walls treated with higher 
levels of consol idant , 2 . 6  to 5 . 2  liter s ,. all remained intact . The use of a 
very large number of brushings , 1 8 , gave treated wall ratings of 3 0 ,  even with 
the application of only 2 . 6  liters of DN 3390 , a relatively small amount . It 
does appear that multiple coatings with dilute systems will give better results 
than fewer brushings at higher concentration, but the consolidation is not as good 
as the optimum use of deep bulk treatment . 

The Consolidation of Aged Adobe 

The purpose of this research was to develop proceedings and formu lations to 
consolidate aged, weathered adobe of structures of historic importance . In the 
course of time, adobe exposed to the atmosphere becomes weak and friable. 
Presumably the clay platelet s ,  initially f locculated and al igned, become more 
dispersed . Void spaces are enlarged which leads to a weakening of the weathered 
surface . We tried several brushing experiments on smal l ,  nineteenth century adobe 
remnants at Fort Selden. Both DN 3390 and SSH were used . To our dismay, the 
aged adobe took up the consolidants but was not mechanically strengthened . 
Working with both Fort Selden adobe and a tan adobe from Tel Dan in I srael we 
have found that when the adobe is recast into mud bricks and dried, it can be 
consolidated under treatment conditions that fail with adobe structures that had 
been in existence for some t ime . We theorize that a slow dehydration takes place 
that takes the clay to a form that prevents the water-based curing mechanism from 
occurring. To test this hypothesi s ,  a chunk of old Fort Selden adobe was soaked 
with 10% aqueous methyl ethyl ketone . This permitted a rehydration without 
physically altering the shape of the adobe . After the organic solvent 
evaporated, the piece was treated with 12% DN 3390 in methyl ethyl ketone and 
xylene . The product , after curing and drying, was mechanically strong and hard . 

Thus we have qualitatively demonstrated that historic adobe can be consol idated 
with isocyanates and s ilane ester s ,  but the need for rehydration indicates that 
considerable research and development remains before on-site procedures can be 
recommended . 



ABSTRACT 

Mud plaster is frequently found 
in prehistoric sites within the 
American Southwest . Mesa Verde 
National Park, a unit of the 
United States National Park 
Service , contains over 3 , 930 
recorded archeological sites . 
Approximately 590 of these are 
cliff dwellings . More than 600 
years after abandonment , many of 
the sandstone masonry walls in 
these buildings retain at least 
remnants of original mud 
plaster . 

This paper discusses the multi
faceted plaster preservation 
program being formulated at the 
park. Initial steps included 
reviewing archival materials and 
thoroughly surveying extant plas
ter in eighteen c l i f f  dwell ings ,  
containing over one thousand 
architectural spaces . Surveys of 
mud plaster on this scale are 
unprecidented in the United 
States . Survey methodology, 
result s ,  recommended management 
action s ,  and future research 
needs are discussed. Addition
ally, the results of preliminary 
studies of the mineralogical 
characteristics of the mud 
plaster from Mesa Verde are 
presented . 
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Mesa Verde National Park, established in 1906,  is the only National Park in the 
United States National Park Service created expressly to preserve cultural 
resources . Mesa Verde is noted for its wealth of archeological resources , 
particularly its c l i f f  dwellings . The resources are of international signif
icance, and in 1978 the park was selected as a World Heritage Site . 

Of the 3 , 932 archeological sites recorded within the park, nearly 600 can 
be classified as c l i f f  dwellings [ 1 ] . The majority are " s ites of the Mesa 
Verde Branch of a Formative Culture known as Anasazi "  [ 2 ] .  The Anasazi resided 
throughout the four-corners region, an area where four state boundaries meet in 
the American Southwest . They lived in what is now Mesa Verde National Park 
from approximately A . D .  450 until the area was abandoned around A . D .  1300 . 
Vil lage locations shifted from the mesa tops to c l i f f  alcoves toward the end of 
this period , and increased building activity in the alcoves began between A . D .  
1230 and 1 2 60 . The resultant structures range i n  size from a single room to 
more than 200 rooms [ 3 ] . The alcoves sheltered Anasazi architecture from the 
elements ,  and the semiarid environment of southwestern Colorado further served 
to preserve this spectacular resource ( see fig.  1 ) . 

Much Anasazi architecture is finished with mud plaster, especially the 
later sandstone and mud mortar c l i f f  dwellings . It should be noted , however , 
that plaster was used to some extent by the Anasazi throughout their occupation 
of Mesa Verde . Nusbaum, for example, reported plaster in the earliest known 
Anasazi dwellings ,  pithouses , excavated in 1926 at Step House ( Site # MV 128 5 )  
[ 4 ] .  Until recently the focus of most plaster research has been o n  highly 
decorated plaster, rather than its systematic documentation or its potential 
relationship to cultural change and room function. 

Nordenskiold, the first to scientifically document and record the archeo
logical resources of Mesa Verde, recorded decorated plaster in several c l i f f  
dwellings during h i s  1891 exploration [ 5 ]  ( see f ig .  2 ) .  Subsequent archeologi
cal work by Fewkes [ 6 ] ,  Cattanach [ 7 ] ,  Rohn [ 8 ]  and others also provided some 
plaster data. In the Long House report ( Site # MV 1200 ) Cattanach states : 

Some wal l s  were "plastered" in places by smearing surplus mortar 
extruded between blocks and across the face of the surrounding 
wall .  In most cases , however ,  the overall plaster was prepared 
and applied independently of the wall construction . The material 
was usually derived from the red and brown soils and was probably 
tinted more often than we realized with pigments made from 
hematite ,  kaolin and the like [ 9 ] . 

Rohn similarly describes Mug House plaster ( Site # MV 1229 ) , noting the 
consistent appearance of the pink plaster in the rooms . He hypothesizes that 
" • • •  red loess from the mesa top continued in fashion for plastering after 
it had gone out of style as mortar • . • • " [ 10 ] . While discussing kiva 
plaster , Rohn states that " • • •  almost all the individual plaster consisted 
of a very thin brown or tan adobe body that had probably been acquired from 
Adobe Cave . Only in Kiva G was the reddish brown , mesa-top loess used 
instead . [ 11 ] "  

Mud plaster is found in prehistoric sites throughout the American South
west . It was not until Watson Smith ' s  1952 publication [ 12 ]  that a relatively 
comprehensive survey of pueblo wall paintings became availabl e .  Smith ' s  report 
included brief descriptions of plaster in notable sites throughout the South
west , including Mesa Verde National Park. More importantly, the report 
includes an excellent description and analysis of decorative elements ,  materi
als compri sing the mud plaster, and pigments used in prehistoric sites in the 
Jeddito Valley , Arizona . 

It was not until the 1980s that there was a renewed interest in, and 
increased focus on , mud plaster . Reports by Chiari [ 13 ] , Schwartzbaum [ 14 ] , 
and others describing successful conservation treatments performed on decorated 
adobe surfaces became accessible to managers and resource specialist s .  Addi
tionally, two reports by Constance Silver appeared , one in 1980 [ 15 ]  and the 
other in 1982 [ 16 ] . Both publications used the extensive resources available 
through the International Center for the Restoration and Preservation of 
Cultural Property ( ICCROM ) . These reports ,  more than any other publications , 
highlighted the lack of attention being given mud plaster and the need to 
pursue both the analysis and conservation of the prehistoric plasters in the 
American Southwest . S ilver ' s  reports graphically illustrated the need to 
develop comprehensive approaches to documenting and preserving both existing 
plaster and that being uncovered during current excavations . These two 
reports ,  combined with a certain amount of expanding professional interest in 
mud plaster , served to help increase general awareness that the plaster was 
indeed an integral component of Anasazi architecture and that its preservation 
was not ensured given present circumstances . 

The pilot treatments described in the 1982 report involved the consol ida
tion , reattachment , and cleaning of in situ plaster [ 17 ] .  The report describes 
treatment methods and materials used in detail ,  and they will not be reiterated 
here . It should be noted , however ,  that this was the first t ime such treat
ments were tested on prehistoric mud plaster in the U . S .  Mesa Verde National 
Park played an important role in the project since the treatments were per
formed in Kiva C and on the free-standing west exterior wal l  of room 28 in Mug 
House . The pilot treatment project also alerted park staff to the fragile 
nature of the plaster resource. 
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Park Management , becoming keenly aware of the lack of an integrated plaster 
data base and the continuing loss of this resource, obtained funding to begin a 
thorough plaster survey . Contracted survey work has been conducted during 1985 
( Contract #-1490-4-0006 )  and 1987 ( Contact #-1490-7-0002 ) .  

Major objectives, common to both survey projects ,  were: 

1 .  to record the location and general condition o f  all extant plaster 
in selected archeological sites ; 

2 .  to compare general ly ,  where documentation exist s ,  the extant 
resource to that which was present historically; and 

3 .  to provide recommendations for preservation treatment of the 
resource , keeping in mind the intimate relationships existing between 
the plaster and its masonry support . 

A primary objective of the 1985 survey included a substantial archival 
work component . Mesa Verde National Park has accumulated a considerable amount 
of archival material since 190 6 .  Most is located in distinct files in the 
Archeology Museum or at the Research Center. One major series of records 
pertains to ruin stabilization activities . The park ' s  archeological ruins have 
undergone periodic stabilization since 1908 . A second major archival data base 
is the archeological site record f ile . Other plaster data are located in 
historic photograph files and in the park ' s  extensive archeological excavation 
records . All of these resources include substantial amounts of photographic 
and written plaster-related data.  

These distinct data bases are not fully cross-referenced, nor are they 
automated . The idiosyncrasies of the records provided certain chal lenges to 
the contractor while integrating the plaster-related data. As mentioned previ
ously, plaster has been addressed differently by past researchers . It may or 
may not have been specifically mentioned or reported in detail when archeo
logical sites were surveyed and when excavation or stab i l i zation work was docu
mented . For example, older written stabilization records or completed archeo
logical s ite forms may not have discussed the presence of plastered wall s .  
However ,  photographs documenting the site o r  the work may clearly illustrate 
the presence of plaster . Also, when existing plaster was noted , the termin
ology describing or classifying it was not consistent . Decorated plaster may 
have been referenced using those terms or included under the grouping of 
"pictographs" as was done in the 1964 Wetherill Mesa survey report [ 18 ] . 

Nevertheless , the 1985 plaster survey contract successfully compiled and 
integrated much plaster data from the record groupings l isted above . Eighty
five of the park ' s  cliff dwel l ings [ eighty-four are listed in the report ] were 
reported as having documented prehistoric plaster [ 19 ]  within as many as 1 , 861 
architectural spaces .  These data do not indicate the number of plastered 
wal l s ,  the extent of the plaster when documented , or the condition of the 
plaster . But , even when using these l imited data, one can readily see that the 
cliff dwell ings of Mesa Verde contain extensive and important mud plaster 
resources .  How extensive, how important, and i n  what condition can only be 
determined through the examination of each architectural space in the eighty
f ive sites . Complete and systematic documentation of such an extensive 
resource is a time-consuming and expensive proposition . Obviously priorities 
must be established and a plan of action carefully formulated . 

With the inception of the 1985 survey project, the contractor and park 
staff collaborated on the development of recording forms and formats .  Each 
architectural space within certain cliff dwellings was to be fully documented, 
both in written and photographic form . !t was decided to use a two-part , 
hierarchical survey form. One part generally documented individual architec
tural spaces . The second form was designed to document each wall containing 
plaster . Examples of these forms are available from the author . Data were 
recorded for each plaster ' s  location, method of application, number of layers , 
presence of design elements ,  condition, color (Munsell ) , and extent . During 
the second survey minor revisions were made to this form, such as prompting for 
environmental and 10cational data pertinent to plaster preservation and for 
specific data concerning previous documentation and noted plaster deterioration 
[ 19 ] .  However , data consistency was a primary objective of both surveys .  

The plaster recording system used existing site maps and room numbering 
systems , and it was hierarchical by design. The system uniquely identifies 
each wall forming the plaster ' s  immediate structural support , which is the 
basic recording unit . For example , MY 640-55-N denotes plaster on the north,  
interior wall of room 55,  in site #MY 640 . Similarly, MY 640-55-N-EXT iden
tifies the same wal l ,  but an exterior surface. The format and the system 
generally linked documented plaster walls to their spatial and functional 
contexts ,  served to systematize documentation while considering future auto
mation of these dat a ,  and assisted in the analysis of structural concerns or 
ambient causes of deterioration [ 20 ] .  

Photographic documentation included at least one black-and-white photo
graph of each plastered surface . Additional photograph s ,  black-and-white , 
color, or infrared were taken as needed to i llustrate certain design elements 
and condition s .  Each photograph was given a unique reference code on a photog
rapher ' s  log. Photographs also included the appropriate Kodak Scale and were 
referenced on plaster recordation forms . Drawings were made when needed to 
further illustrate complex or very poorly preserved motifs . 

The 1985 survey established precedents for standardized plaster and 
condition terminology. Fully standardized masonry and architectural nomen
clature has not been adopted by park staf f .  However, terms such as shaped or 
unshaped stone, single or double coursed wal l s ,  tower, kiva, and room were 
recorded during the plaster survey as they were used during previous archeo
logical work in the park. The descriptive terminology for plaster and condi
tion was kept to a useful minimum and was kept general . Further, each term was 
i llustrated in final reports to facilitate their use and interpretation by 
future researchers .  The glossary of terms used to document plaster, for 
example, included : aura incised design, painted design, incised and painted 
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design, floor band, bichrome design, wainscot , colored wash, dado, de facto 
plaster , undecorated plaster, and absence of plaster [ 2 1 ] .  

The condition of the plaster was one factor evaluated when recommendations 
for further action were made by the surveyors .  Terminology for speci f ic 
examples of deterioration types and overall condition were established for both 
the surfaces and the plaster substrate . Surface deterioration caused by 
accretion ( i . e . , bird excrement , smoke blackening, nearby stabilization work , 
muddy runof f ) , and conditions such as powdering, flaking, separation from 
substrate and weathering losses were i llustrated and defined . Along with the 
above surface condition nomenclature, several types of plaster deterioration 
were i l lustrated . These included lacuna, separation from wal l s ,  cracks , 
interlayer cleavage , and failing supports [ 22 ] .  

FIELD SURVEY RESULTS 

The surveys documented plaster in eighteen sites containing just over one 
thousand architectural spaces .  The cliff dwe l l ings chosen for initial survey 
were the largest and best preserved . preliminary data suggested that substan
tial amounts of plaster, both decorated and undecorated, were still present in 
all sites selected for documentation . Another factor influencing site selec
tion was the interpretive importance of the site. Nearly all sites chosen for 
survey were open to public visitation or visible from public overlooks . 

Over 1 , 900 square meters ( 20 , 500 sq. ft . )  of plaster on 869 surfaces were 
documented during the surveys [ 2 3 , 24 ] .  Approximately 75 percent of the plaster 
and the surface are in fair to poor condition. These figures certainly illus
trate an extensive resource in need of attention . Numerous preservation
related recommendations resulted from the surveys .  The more prevalent recom
mendations were : 

1 .  to apply silicone beading to the ceil ing of an alcove to form false 
driplines which divert water away from the buildings ; 

2 .  to stabilize architectural supports - often the base of a wal l ;  

3 .  t o  closely monitor certain plasters ; 

4 .  and for a conservator to evaluate selected plaster for treatment . 

It is not practical , nor is it feasible, to attempt to preserve all 
recorded plaster . A multicomponent action plan must be implemented if the 
plaster resource is to be documented and a significant sample preserved . A 
suggested action plan includes the following six major sections: 

1 .  Active stabilization: Stabilize wal l s ,  control moisture to the extent 
possible , control rodents or birds, and eliminate insects - - continue 
developing a comprehensive approach to site preservation . 

2 .  Monitoring : Develop a methodology and schedule to monitor systematically 
selected plaster based upon criteria such as overall condition, presence of 
design elements ,  uniqueness , representativeness of more mundane finishes ( i . e . ,  
washe s ,  monochrome or bichrome designs, auras , floor bands ) ,  interpretive 
importance, feasibil ity of preservation, and previous treatment . 

3 .  Evaluation for conservation treatment : Backfill selected spaces ,  solicit 
conservation treatment proposals and contract for treatment , closely evaluate 
the effectiveness of the pilot treatments performed at Mug House. 

4. Training: Further sensitize park staff ( i . e .  those responsible for 
management , interpretation, stabilization, and protection ) to the importance 
and fragility of the plaster. Train the park ' s  Stabilization Specialist and 
Ruins Stabilization Crew so that plaster monitoring, documentation, and 
preservation can be fully integrated into both the present stab i l ization 
program and future excavations , and ensure that newly recorded data are 
compatible with previous survey data. 

5 .  continue field surveys : Survey remaining cliff dwe l lings in priority 
order, again ensuring compatibility of new data with previous survey dat a ,  
and improve survey methodology . 

6 .  Expand research: Continue to support and formalize research projects 
related to plaster composition (pigments ,  binders , and minerals ) ,  material 
sources ,  plaster fabrication, determination of salt s ,  and conservation 
treatment ( cleaning, consolidation, and reattachment ) .  

PLASTER ANALYSIS 

Mud plaster from Anasazi sites has not undergone scientific analysis until 
relatively recently . Smith l 2 5 ]  reports �he composition of kiva plaster from 
two s ites in the Jeddito Valley as 90% sand and 10% clay. The report also 
list s  thirteen colors and possible pigment sources ,  noting that it is unclear 
if pigments were added or if the clay and sandstone were previously stained . 
All pigments ,  except black, were apparently derived from inorganic material s .  
smith also hypothesizes that a n  organic binding medium could have been mixed 
with pigments [ 2 6 ] .  

Recent studies by S ilver [ 2 7 ]  produced strikingly different and thought
provoking results .  x-ray diffraction analysis shows that prehistoric plaster 
from Anasazi ruins in the four-corners area and a possible mud source in Mesa 
Verde National Park contain no mineralogical clay s .  Plaster from Lowry Ruin 
contains 75% quartz ,  5-10% feldspar, 5-10% mica,  and traces of additional 
material . The raw mud from Mesa Verde contains 50% quartz and 50% anorthite . 
The Lowry sample was also tested using stains specific to organic compounds . 
The plaster tested negatively, while a paint layer from Lowry tested positively 
for carbohydrates and proteins . The raw mud sample was not tested for organic 
materials . As suggested by S i lver, the lack of mineralogical clay in her 
samples is remarkable, and the presence of organic binding media may partially 
account for the cohesiveness and durability of the paint layers and plaster . 
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Mesa Verde plaster samples were recently examined by Dr. Mary Griffitts 
[ 2 8 , 29 ) .  X-ray diffraction of kiva and room plaster samples from step House 
and Mug House demonstrate a departure from both Smith ' s  and s ilver ' s  data. 
Table I i llustrates comparative sample data from Silver ' s  and Griffitt s '  
reports .  O f  particular note is the relatively low percentage o f  quartz and 
high percentage of calcite in the white plaster from both Mesa Verde sites 
analyzed by Griffitt s .  Additionally, measurable percentages of mineralogical 
clay are present in the Mesa Verde samples . 

Table I .  Comparative Results of X-Ray Diffraction ( After S ilver 1987 and 
Griffitts 1989 , 19 9 0 )  - - Note : Totals may not equal 100% due to 
sample variab i l ity. 

Site/Sample Quartz Calcite Feldspar Kaolinite Gypsum Mica 

Lowry Ruin 7 5 %  5-10% 5-10% 

River House 80% Tr 15-20% 
Ruin 

MVNP - Raw Mud 50% 50% 

Mesa Verde National Park Plaster Sample Data Follows : 

step House - 93-95% 0-10% 10-15% 2-3% 1-2% 1% 
Kiva A - dark 

step House - 37% 1 5 %  17% 2% 
Kiva A - white 

Mug House - Rm 43% 30% 8% 1% 2% 1% 
2 8 ,  ext-white 

Mug House - Rm 72% 4% 8 3% 2 %  2% 
2 8 ,  ext-pink 

Mug House - 90% 15-20% 5% 
Kiva C 

While exam�n�ng thin sections from Mesa Verde plaster Griffitts identified 
serecite , a very finely divided mica resulting from the weathering of feldspar . 
Serecite is not found in any of the geologic formations studied by Griffitts . 
It is present , however , in the lower zonee of the park ' s  loess soi l s ,  j ust 
above an underlying layer of cal iche . The X-ray diffraction data and occur
rence of serecite suggests that loess soils may have been combined with caliche 
( calcite) to create certain plaster s .  Caliche evidently is a major component 
of the white plaster samples subjected to the above analytical test s .  An 
empirical experiment by Griffitts produced a good plaster ( 50% caliche and 50% 
loess ) of similar color and appearance to some original Cliff Palace plaster . 
The Mesa Verde plasters have not been analyzed for the presence of organic 
binders . This should be done in the future . With such tests one must be 
certain the samples have not been contaminated by previous conservation 
treatments or altered during burial . It would also be interesting to test 
hypothesized source material for the presence of organic material as a control ,  
t o  ensure the raw materials do not contain substances which might skew the 
analysis . 

CONCLUSION 

Mud plaster in archeological sites of the American Southwest has not received 
the attention it warrants or need s .  The plaster survey program at Mesa Verde 
National Park is unprecedented in scope , with over one thousand architectural 
spaces inventoried and over 1 , 900 square meters ( 2 0 , 500 sq. ft . )  of plaster 
documented . Surveying, locating, and recording plaster and documenting its 
condition are necessarily the first steps in a comprehensive plaster resource 
preservation program . The Mesa Verde survey project i llustrates the importance 
of such inventory data and the extent of the plaster resource in that park. It 
also illustrates the need to establish preservation priorities and a multi
faceted action plan since it is not feasible or practical to conserve all 
plaster . A suggested action plan includes stabil ization, monitoring, evalua
tion of treatment needs ,  training, continued survey, and expanded research pro
grams . Such programs are not only appl icable to Mesa Verde , but also to all 
other areas with the potential for prehistoric plaster among their resource s .  

Silver ' s  1 9 8 7  study discussing the presence o f  organic binding media and 
the absence of mineralogical clay in certain Anasazi plaster is intriguing. 
Similarly, the high calcite content , presence of mineralogical clays, and the 
presence of serecite in samples of Anasazi plaster from Mesa Verde is also 
interesting . Only a few samples comprise the present data base and more 
samples must be analyzed. Additional research in the areas of plaster compo
sition, pigments ,  conservation treatments ,  and plaster replication is needed . 
This basic research must be performed if we are to reconcile apparently 
discordant data and to continue making progress with actual conservation 
treatments and ensure the long-term preservation of Anasazi plaster . 

With further refinements in our ability to identify the composition of 
prehistoric plaster and material source s ,  plaster may prove to be a useful 
cultural and temporal indicator . Anasazi masonry styles have been used to 
illustrate certain attributes characterizing developmental phases by which 
sites are classified [ 30 ) . Regional variations - in masonry style have also been 
used to identify sites attributed to different branches of the Anasazi [ 3 1 , 32 ) .  
The architectural finishes ( i . e . , plaster and paints ) applied to the masonry 
potentially have similar capab i l ities . 
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ABSTRACT 

Among the various techni 
que s  o f  e a rthen architec
tu r e  p r e s e rv a t i o n  wh i c h  
have been app l i ed i n  the 
past , the consol idation of 
vertical surfaces by chemi
cal agents and the capping 
of the top part o f  wa l l s  
pl a y  a n  i mp o r t a n t  r o l e .  
The ideal character i st i c s  
of a good cons o l i dant are 
outl ined . The consol idation 
me c h a n i sm s  o f  s y n th e t i c  
resins and ethyl s i l icate 
ar e d i s c u s s e d , t o g e t h e r  
with the i r  advantages and 
disadvantages . The perform
ance o f  f i e l d  t re atments 
with ethyl s i l icate and of 
capping techniques a ft e r  
twenty years of application 
are e v a l u ated f o r  a c a s e  
stu d y  i n  I ra q .  A way t o  
rega i n  g o o d  adh e s i o n  on 
deteriorated surface s ,  
based o n  the app l i cation o f  
r i c e  paper ( mo istened and 
pressured) is described . 
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Introduction 

The idea of solving the problem of adobe preservation by coating 
the surface with some perfect conso l idant shoul d  be dismissed . 
Each preservative shows advantages and disadvantages ;  the perfect 
treatment has not yet been discovered and probably never will be . 
Adobe is a weak material that has always been used with the idea 
of constant maintenance and repai r .  In most cases the wal l s  were 
originally protected by roofs , whi ch in archaeological excava
tions are miss ing . One cannot expect to stop the natural evolu
tion and modi fication of the material . Al l we can hope to do is  
to reduce the speed of deterioration . 

Chemical surface treatments 

An ideal consol idant for adobe should have the following charac
teristics : 1 )  confer water resistance but not water repellency in 
order to a l l ow water migration both in l iquid and vapour phas e ;  
2 )  l eave pores and capillaries open,  and allow for other impreg
nat i ons , even with d i f f e rent products ; 3 )  c o n f e r  mechani ca l  
strength and abrasive resistance both in dry and wet conditions ; 
4 )  have good penetration , i . e . , low v iscosity ; 5 )  should not form 
fi lms on the surfac e , nor show an abrupt p l anar boundary with 
respect to the untreated core ; 6) have a thermal expansion coef
fici ent s imilar to that of adobe ; 7 )  should not change the co
lour , or cause gloss ; 8 )  be resiBtant to stresses caused by salt 
crystall i zation , capil lary rise of ground water ,  and freeze-thaw 
cycles ; 9 )  be durable , i . e . , resistant to water ,  and photo-oxida
tion ; 1 0 )  be easily applicable ,  possibly also in damp conditions , 
and cheap ; 1 1 )  should not be harmful to the operators ; 12 ) should 
be reversible ,  if possible ( see also [ 1 ] ) . 

It is my opinion that a product ful fill ing all  these charac
teristics does not exist . 

The consol idants most used on adobe are synth et i c  resins , 
usua l l y  the rmoplast i c ,  and ethoxy s i l anes . I t  i s  important to 
und e r l i n e  that g e n e r a l  statements on the behavi ou r  o f  who l e  
classes o f  compounds have almost no meaning . Products that have 
the same nominal composition may vary greatly from one producer 
to anoth e r ;  also the appl ication technique could influence the 
final results . Each individual  p roduct shou l d , there fore , be 
tested on the specific material , possibly with accelerated aging 
tests , wet-dry c yc l e s , and s a l t s  c rysta l l i z a t i on . Even t h i s  
cannot assure that a 

·
consol idant which has given good results in 

the laboratory would behave equa l ly wel l on the l ong-term field 
appl ication . Large field comparative tests are presently carried 
out on speci a l l y  bui l t  wal l s  at Fort S e l den ( New Mexico State 
Monument s )  and in Grenoble ( CRATerre ) for various products and 
cappings . The results of these tests will  be extremely valuable 
to  ident i fy suitable consol idants . Keeping this in  mind , one can 
try to d e s c r ib e  the conso l idation mechanism and to e v a l u a t e  
advantages and disadvantages of both types of consol idants . 

synthetic resins 

Syntheti c  resins are long chains of organic polymers derived from 
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Figure 1 .  Scanning Electron 
Microscope (SEM) image of a 
no n t r e a t e d  s amp l e  f r o m  
Hatra . 

F igure 2 .  S EM image o f  a 
sample taken from the wal l  
treated with ethyl sil icate 
in Hatra . Although there is 
very l ittle d i fference be
tween the two " landscapes" ,  
the cons o l i dated part i s  
water resistant . 
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a vast range of  monomers . The most commonly used are the polyvi
nyl acetates ,  acryl ics ( among them Acriloid B7 2 and Primal AC3 3 )  
and polyisocyanates [ 1 ] . They can be used in solution i n  organic 
solvents or in water emu l s ions , or the polymeri z at ion can be 
obta ined in s itu by the use of catalysts or by reaction with 
atmospheric moisture . 

Solutions are best suited for surface consol idation , because 
the products are pure , and they show good aging properties and 
penetration . 

Water emu l s ions are obtained by add i t i o n  o f  surfactants 
( usual ly soap-l ike substances) . These additives may increase the 
speed of deterioration of the res in , by oxidation , breaking of  
the polymer chain , and cross-l inking between chains . The results 
are change in colour , brittleness , and break down of mechanical 
properties . These mechanisms require the action of l ight ( espe
c i a l l y  UV-radiat ion ) and oxygen . In the case of emu l s ions the 
pol ymer g l obules suspended in water are rel a t ively l arge , the 
l i quid has a high viscosity , and penetration is  low .  Water is not 
a good carrier in the case of  adobe , since it causes swell ing of 
the clay part icles and decreases the mechanical properties with 
the risk of material detachment during the treatment . Emuls ions 
shoul d  there f o re be app l ied as adhes iv e s  o n l y , by inj ection 
inside the wal l s ,  and never on the surface . 

synthetic resins act as consol idants by penetrating inside 
the pores and coating the l o o s e  part ic l e s . Chemical reaction 
normally does not take place between the polymer and the materi
al . The strengthening is obtained by the setting of the resin at 
the moment in which the solvent evaporates . In  many cases , re
verse migration o f  the polymer to the surface , as the s olvent 
( especially i f  highly volatile)  evaporates , causes the formation 
of a thin f i l m .  I f  the coating is not porous , which is the case 
for most synthetic resins , and does not a l l ow for water trans
port , both in the l iquid and vapour phas e ,  the water that can 
gain access beneath the protective layer causes stress and de
tachment . Most synthetic resins have high thermal expansion 
coefficients , of  one order of magnitude larger than adobe . Since 
the surface tends to be warmer than the inside during the day , 
and colder during the night , stress . is devel oped at the inter
face , with possible detachment . Among the advantages of  synthetic 
res in s  one can quote : good mech a n i c a l  proper t i e s , a certain 
degree of  reversibil ity with non-crossl inking types , and the fact 
that they may act as adhesives as well .  

Technical description of the ethyl sil icate reaction with earthen 
material 

Ethyl sil icate ( tetraethoxysilane) is partly inorganic and partly 
organ i c ,  but a fter complete curing (which may take a long t ime ) 
it leaves a purely inorganic residue . There are several kinds of  
commercial products ( see the Mater i a l s  section ) . The monomer 
consists of  a s i l icon atom to which four ethoxy groups are bond
ed , si (OCH2CH3) 4 ) . When a water molecule reacts with an alcoholic 
residue , hydrolys i s  takes place : one ethyl alcohol molecule is  
formed (which evaporates ) and an acidic residue remains attached 
to the sil icon atom to form Si-OH . 

The hydrolysis reaction is the following : 

CH3 CH2 -O
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0-CH2 CH3 
si  - - --

/' "- i CH3CH2 -O °iCH2 CH3 
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H.!.O-H 
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F igure 3 .  App l i c a t i on o f  
moi s tened rice paper : the 
pressure allows adhesion to 
be reestabl ished . 

Figure 4 .  Detachment of the 
paper without any l o s s  o f  
surface material . 

F igure 5 .  Overal l  v i ew o f  
the capping with one layer 
of strengthened bric�s at 
Te l l  ' Uma r ,  s h o w i n g  t h e  
plant overgrowth . 

Figure 6 .  A section of the 
covering with one layer of 
strengthened bricks , stil l 
in perfect condition . (Tell 
' Umar) . 
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The hydrolysis of the four groups can take place at different 
times . I f  the four alcoholic residues are all  hydrolyzed , s i l icic 
acid i s  formed : S i ( OH ) 4 .  When two acidic groups b e l onging to 
d i f ferent molecules interact , condensat ion or polymeri z at ion 
takes place . One water molecule is  released ( and is  again avail
abl e  for the hydrolysi s  reaction) and a strong s i-o-si bond is  
formed . 

The condensation reaction is the following : 

+ H -o-H 

A small amount of acid acts as a catalyst for hydrolysis . In 
the application to adobe , there is no need to increase the speed 
of the reaction , and better results are obtained without addition 
of acid [ 2 -4 ] . with polymerization , a three-d imens ional network 
of s i l ica tetrahedra sharing one vertex is formed . Some of them 
usual ly s t i l l  have ethoxy groups attached to the s i  atom . The 
clay particles abundant in adobe have a large number of hydroxyl 
groups ( -OH) l ocated on the ir surface . Condensation may occur 
between the acidic group of the sil ica framework and the hydrox
yls of clay part icles . Of cours e , an extremely large number of 
such bonds are formed , and , i f  the clay particles are sufficient
ly close to one another, the sil ica framework helps to keep them 
together . 

One of the maj or causes of deterioration of adobe is water, 
which separates the clay particles constituting the binding agent 
of the b�icks . On excess ive wetting eventual l y  the clay is dis
persed in a water suspens ion . The ethyl s i l icate treatment , by 
add i ng strong bonds between the c l a y ,  prevents clay platelets 
from being separated by water , and therefore gives the material 
the necessary water resistance . For the first period after treat
ment , s i l ica gel is formed inside the pores and the total porosi
ty is reduced . While the polymerization continues , the s i l ica gel 

contracts and the pores reopen . with t ime , very l ittle material 
remains ins ide the adobe , even the micro-pores are almost com
pletely open , but the clay particles are s t i l l  bonded together . 
The overal l  effect of the treatment is to confer water · resistance 
to the material but not water repell ency , neither at vapor nor 
l iquid l evel [ 5 ] . 

F igure 1 shows a scanning electron microscope ( SEM) picture 
of an untreated sample from Hatra , while Figure 2 shows a treated 
one . It can be seen that the changes due to the treatment are 
hardly detectable . 

The treatment i s  c omp l e t e l y  irrev e r s i bl e , v i o l a t ing the 
princ i p l e  that every intervention i n  c o n s e rvat i on should be 
total l y  reversible .  The fact that not only the surface and ap
pearance of the material ,  but also its intimate structure , under
goes so l ittle modification may in part j ustify the irreversibi
l ity . Other consol idants , even total ly d i f ferent in nature , can 
easily be appl ied , since the porosity and polarity o f  the materi
al are practically unchanged . 

The appl ication by spraying makes its use very easy and has 



Figure 7 .  On the north s i 
de , t h e  unprotected wa l l  
has s u f fered a n  enormous 
loss of materi a l , due to 
the rain . (Tell  ' Umar) . 

Figure 8 .  The canal i zation 
of ra i n  w a t e r  o v e r  T e l l  
' Uma r .  I n  s p i t e  o f  s ome 

plant growth and some minor 
damage , this drainage sys
tem worked properly .  

Figure 9 .  A natural canali
za t i o n  o f  w a t e r , l e f t 
unprotected , to be compared 
to Fig.  8 (Tell  ' Umar) . 
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the advantage of obtaining a larger penetration in those parts 
which are more porous than others , thus leaving a very irregular 
separation between the treated and untreated parts . This strongly 
reduces the chance of detachment of the strengthened l ayer . 
Cleaning of the surface and extraction o f  soluble salts can be 
done a fter conso l i da t i on . Th i s  is not p o s s i b l e  i f  synth e t i c  
resins are used . 

Among the disadvantages , beside its irreversibil ity , one can 
recal l  that the treatment cannot be appl ied to wet surfaces .  In 
this case , the excess of water causes the hydrolysis reaction to 
take place at much higher speed than polymerization . A glossy , 
fragi l e  crust is formed , which crumbles without making the de
sired connections with the clay particles . synthetic resins also 
present appl ication problems to wet surfaces .  

Another d i sadvantage i s  that ethyl s i l icate i s  not an adhe
s ive , but only a consol idant . If a gap already exists between two 
blocks o f  adobe , they will  be individually consol idated but not 
"glued" together . To achieve adhes ion between already separated 
parts , one should make use of other strategies : the most obvious 
is to intervene as soon as poss ible , ideal ly during excavation , 
in order to have surfaces that are not yet damaged by weathering . 
I f  the surface is already damaged it is possible to regain adhe
sion by remodel ing the surface using rice paper , water and pres
sure . The paper a l l ows the crust to be sustained whi l e  it i s  
carefully moistened . The material becomes s l ightly plastic , and , 
by exercising pressure with a hard sponge , one can reestabl ish an 
acceptable degree of adhesion . When almost dry , the paper can be 
detached without any loss of material , including pigments ( See 
fig . 3 , 4 ) . Both of these strategies were appl ied with success in 
the conservation of a pa inted frieze in Carda l , Peru , in 1 9 8 7  
( unpublished ) . I f  the detached crust is  thicker than a few milli

meters , the risk of it fal ling during the appl ication of the rice 
paper is too high . Inj ections of synthetic resins (water emul
sions ) in the interior of the wal l  are recommended in this case . 

Preservation o f  sites in Irag: a case study 

In 1968  a prel iminary campaign for the conservation and preserva
tion of archaeological finds in unbaked earth was carried out in 
Iraq , with the a im of documenting the problem of mud-brick dete
rioration [ 6 , 7 ] . Various laborator� tests of surface protection 
were performed , u s i ng most of the products widely used at the 
time . Ethyl s i l i cate seemed to give the best prel iminary results 
and was selected for maj or field tests , done in the Seleucia area 
and in Hatra in 1 9 6 9 . Synthetic resins (polyvinyl acetates and 
acryl ics)  were also used on a minor scale,  by inj ection . 

One l iter o f  S i lester ZNS , three l iters o f  ethyl a l cohol 
( 9 6 ° ) ,  and 1 ml o f  hydrochloric acid as a catalyst was used to 
treat 1 m2 . The penetration was 2 -3 cm in depth , and after a day 
or two the wal l  reassumed its previous colour . No changes in ap
pearance were observed , but the water resi stance was greatly 
enhanced . After a month of spraying water on selected spots three 
times a day , there was no evidence of erosion , while on a nearby 
untreated part a hole was formed after the first three sprayings . 

Capping o f  the top part of wal l s  

The yearly average rainfal l  in the area is about 3 0 0  rom , concen
trated in a few torrential storms . Furthermore , in some sections . 
people had to walk on top of the wal l s .  For these reasons , it was 
decided that the chemical surface protection alone would not be 
sufficient , and two capping techniques were tried . The first one , 
used in the "Archives" of Seleucia , consisted of a layer of a few 
cm formed with a mix o f  earth and sand , with the addition o f  a 
minimum amount ( 5-8 % )  of portland cement , to avoid an excessive 



F igure 1 0 . A v iew of the 
"Archives "  in Seleucia . The 
top of the wal l s  was capped 
with soil-cement , which did 
not prove to be effective , 
s ince there was format ion 
of water pools at the bases 
of the wal l s . 

F igure 1 1 .  Another view of 
a sma l l  room in the "Ar
chives" . 

F igure 1 2 . Deta i l  of the 
s o i l -cement capp ing , par
tially detached and crack
ed . Besides damage due to 
temp e ra t u r e  c h a n g e s  a n d  
wa t e r i n  f i 1 t r a t  i o n , i t  
shoul d  be remembered that 
people wa lked on the cap
ping . 
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hardness . This capping was appl ied in two layers on the moistened 
surface . After good compres sion and drying of the first layer , 
the few unavoidable cracks were sealed by a second , thinner layer 
made with a mixture less rich in water . For a few days straw mats 
s l ightl y  sprinkled with water covered the capp ing to avo i d  an 
excessivelY quick drying process . with this procedure the crack
ing of the surface was practically avoided . 

Trials of capping with addition of asphalt were also attempt
ed , but immediately proved to be d isastrous , perhaps because o f  
the poor homogeneity of the slurry , which was mixed b y  hand . 

A second type of capping was used to cover a large section of 
a wa l l ,  at Tel l  ' Umar .  It cons i sted o f  a s ingle l ayer o f  new 
stab i l i z ed bricks , made with the same soil-cement mix with the 
addition of straw . This allowed for a proper drainage system for 
the water that ran down from the artificial hil l . A large quanti
ty of bricks was manufactured using wooden molds . They were well  
dried in the sun for over a month , covered with wet straw mats 
for the first week and turned over every three days . The result
ing bricks were perfectly sol id , without any cracks . 

Evaluation of the results 

All the work in Iraq was done mainly in 1 9 69 . In the spring o f  
1 9 7 1 ,  the ethyl s i licate treatments were s t i l l  in perfect condi
tion , and it was easy to notice the difference between the treat
ed and untreated parts , which had already severely suffered from 
rain . The capping with soil  cement showed some cracks , and in a 
few parts water infiltration had eroded preferential channel s . 
The new l ayer o f  bricks was perfectly preserved with the excep
tion o f  the vertical wa l l s  at the end o f  the drainage system 
which ,  being immersed in water, had collapsed . At that time , some 
repairs were made . A fter th i s ,  no maintenance work at a l l  was 
done to the site , which was abandoned . 

The present situation . •  after twenty years 

In May 1 9 8 9  a c r i t i c a l  eva l u a t i o n  o f  the work wa s done . The 
capp ing w ith one l ayer of stra ightened b r i c k s  gave the best 
results ( see figs . 5 , 6 ) . The canal that was devised to d i sperse 
the water proved to be effective ( see fig s .  7 , 8 , 9 ) . At one point 
the water found a di fferent path , and a lot of damage occurred . 
It wou l d  have been e a s i l y  avoided i f  the s ite had been main
tained . 

The necessity of maintenance can never be stressed enough . 

Some of the vertical wal l s  were broken by the pressure of the 
roo t s  and trunks o f  tree s . On the north s id e , where the new 
bricks were not put in place , eros ion due to water caused the 
loss of large mass of earth ( see fig .  7 ) . 

Overall , '  the technique of putting one layer of new bricks on 
top of the wal l s  can be j udged in a very positive way . Of course , 
the original material is no longer visibl e ,  but all  archaeologi
ca l and architectura l i n forma t i on is s t i l l  retrievab l e  from 
direct inspection . Thi s  sacri ficial l ayer can eas ily be removed 
in case more excavation is needed . This techni que should not be 
confused , by any means , with large 

'
reconstruction o f  wal l s  that 

are quite often carried out even using baked bricks set on top of 
sma l l  remains o f  adobe wal l s .  This type o f  intervention should 
never be done . 

The general condition of the Archives was disappointing ( see 
figs . 1 0 , 1 1 ) . Most of the smal l  rooms were filled with earth , in 
part fal len from the wal l s ,  in part carried in by the wind . In 
some parts the capping had resisted , while in other parts it was 



F igure 1 3 . Rooms a� " V i a  
Porticata " ,  in the Seleucia 
area , without any conserva
tion work . 

F igu r e  1 4 . Two r o o m s  a t  
"Via Porticata " which were 
protected with the s o i l 
cem e n t  c a p p i n g . I n  t h i s  
case the capping performed 
bett e r , probably because 
peop l e  d i d  not wa l k  over 
it . 
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cracked , a l l owing water infi ltrations ( See f i g .  1 2 ) . This con
firms the opinion [ 8 , 9 ] , that in the case of small rooms l ocated 
below the field level , without drainage and with the possibil ity 
of water pool formation at the base of the wal l s ,  the only possi
ble intervention is complete , immediate backfilling . 

To check i f  the capping reduced in any way the speed o f  
deteriorat ion , a comparison was done with the nearby excavation 
of "Via Porticata" , which had undergone the same abandonment for 
twenty years . Most of the wal l s  completely disappeared , with the 
except i o n  o f  two rooms , capped w i th s o i l  cement ( see f igs . 
1 3 , 14 )  • 

It can be concluded that the endurance o f  wal l s  can be en
hanced , to a certain extent , by s o i l -cement capp ing , provided 
that the bases of the wal l s  are not in direct contact with water.  
It should be noted , however ,  that constant maintenance is needed , 
which seldom can be ensured . Furthermore , since the weakest point 
is the connection between the capping and the original vertical 
surface , capping the top part of a wal l  has some meaning only if 
the vert ical surfaces are consol idated a s  wel l .  In  any other 
cas e ,  the capping is  almost ineffective . 

The ethyl s i l icate treatments done at the Archives were not 
visibl e ,  since most of the wal l s  were covered with debri s .  After 
excavation the consol idated part was not relocated . The moisture 
and salt content were extremely high , and the very next day the 
ent ire surface o f  the excavat ion was covered with white s a l t  
efflorescences . The water table level was l e s s  than a meter deep . 
Unfortunately there is not enough documentation to establish when 
and why the treatment fa i l e d . What can be s a i d  i s  that under 
drastic conditions - e . g . , when a wal l  is  impregnated with salt 
water for twenty years - the consol idation with ethyl sil icate is 
not effective enough to protect it . 

In Hatra environmental conditions are di fferent from Seleu
cia . The rainfal l  is  more or less the same , but the water table 
is much l ower .  The treated wa l l  had a stone base and did not 
collapse . The effect of rain alone on treated and untreated parts 
can be seen . One row of bricks at the top was left untreated for 
comparison . Figures 15 and 16 show. that clay from the top row was 
washed down and covered the treated bricks . This clay encrusta
tion was eas i ly removed by the use o f  a rough brush , without 
effecting the consol idated surface . Even very fine deta i l s  ( s ee 
figs . 17 , 1 8 )  were perfectly preserved . 

I t  can be concluded that in t h i s  c a s e  ( a s  i n  many other 
similar ones , for example in Chan Chan , Peru) . the ethyl sil icate 
treatment did confer enough strength to the surface to counteract 
the effect of rain for twenty years . 

General conclusions 

Of the various conservation measures undertaken in Iraq twenty 
years ago , some endured this long period of abandonment remark
ably well ,  and some did not . 

Among the positive interventions one can note : a )  the cover
ing of the top of wal l s  with a sacrificial l ayer of one row of 
new bricks ; b)  the repairs of already damaged wal l s  by the use of 
the same kind of bricks , when well  anchored to the original part ; 
c) the water disposal obtained by the cana l i zation o f  ra infa l l  
using a d  hoc designed paths made with the strengthened bricks ; d)  
the surface treatment o f  vert ical wal l s  with ethyl s i l icate , 
provided that the bases of the wall s  are not damaged by water.  

Even sma l l  faults in the execution o f  this kind o f  work can 



F igu r e  1 5 . Wa l l  t r e a t e d  
wi t h  e t h y l  s i l i c a t e  i n  
Hatra , a s  it appeared i n  
19 6 9 . T h e  t o p  l a y e r  o f  
bricks was not consol idat
ed . 

Figure 1 6 . View of the same 
wal l  in 1 9 8 9 . The bricks on 
the t o p  a r e  w a s h e d  away 
fr o m  the r a i n ,  and t h e  
rna t e r  i a l  r a n  o v e r  t h e  
lower , consolidated part . 

F igu re 1 7 . Deta i l  of the 
same wall in 1969 . 

F igu r e  1 8 . S am e  d e t a i l  
after partial cleaning with 
a harsh brush ( see espe
ci a l l y t h e  wh i t e  gyp s um 
mortar) . Even small details 
are well preserved. 
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result in serious damage . It seems advisabl e ,  therefore , to re
evaluate the interventions after a period of time , correcting the 
possible mistakes . It should be stressed that a regular mainte
nance program is of paramount importance .  

Among the failures i s  the capping done with a thin l ayer o f  
strengthened soil directly on top o f  wall s . Although i t  produced 
some resu l t s , it was not s u f f i c ient to preserve the wal l s  for 
such a long period , especiallY under the very harsh conditions at 
Seleucia Archives . The formation of water pools at the bases o f  
wal l s  remains the biggest problem . 

The ethyl s i l icate treatment on surfaces of wal l s  severely 
a f f e cted by s a l t  water a l s o  s eems not to be a s t rong enough 
protection . 
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Materials 

SILESTER ZNS : ethyl sil icate partially condensed ( about 1 0  mole
cul e s  of monomer ) ,  produced by MONSANTO ( USA) . Dealer : Pietro 
carini , Via S .  Marta 2 3 , Milano ( Italy) Tel . 06-87 4 4 7 7 . 

TEOS : tetraethyl-ortho sil icate , produced by Union Carbide Corpo
ration . 2 7 0  Park Avenue . New York 10017 (USA) . 

Wacker Strenathener OH : Ethyl s i l icate mixed with solvent ( to
luene) and catalyst , produced by Wacker-Chemie GmbH , Prinz regen
tenstrasse 2 2 , Munchen ( FRG) . 
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ABSTRACT 

The probl ems of unnatural 
appearance and poor adhe
s ion usua l ly encountered 
when synthetic latexes or 
l atex plasters are applied 
to adobe are overcome by 
use of a latex-soil s l urry 
appl ied as a thin coating . 
The key property of these 
coatings is the abi l ity to 
prevent the passage of 
l iquid water whi le 
a l lowing the escape of 
vapor water from the 
interior of the structure . 
Due to the high f luidity 
of the s lurry , appl ication 
can be made a simpl e  brush
ing operation . 

KEYWORDS 

Adobe , latex , soil-s lurry , 
stabi l i zation , eros ion pro
tection . 
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SYNTHETIC LATEX-SOIL SLURRY , A NEW ADOBE PRESERVAT ION TECHNIQUE 

Richard L. Ferm 
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U . S . A .  

Background 

A wide variety of polymers and po lymer i z ab l e  monomers have been 
eva luated in the preservation and restoration of earthen or stone 
structures and artifacts [ 1 ] . Most of these are appl ied as pene
trating solutions or sprays . Synthetic l atexes ( aqueous po lymer 
emul sions or dispers ions ) have been used for such work only to a 
limited extent , mainly as binders for pl asters or mortars . 
Typica l examples are Fenn ' s  work at Fort Bowie [ 2 ]  and Bent ' s  Old 
Fort [ 3 ] . 

The author has investigated the appl ication of latexes to 
soi ls  for a number of years in both laboratory and outdoor 
exposure tests that have clearly indicated the benefits and 
probl ems presented by these materials . Latexes , l ike most aqueous 
treatments , penetrate very s l owly and darken the surface; 
moreover heavy applications give an unnatural gl ossy appearance . 
On the other hand , latexes are easy to work with and c lean up , 
and some have exce l lent mechanical properties and resistance to 
degradation . These properties depend on the structure of the 
polymer and a l so on the type of emul sifier used in making the 
l atex . The emul sifier greatly affects the degree of wetting and 
spreading of the po lymer spheres in the latex on the soi l 
particles . The re lationship between the e l ectrica l charge of 
emul sion partic les and that of minera l surfaces referred to by 
C l i fton [ 4 ]  has been found to be too simp l i stic to a l low a narrow 
definition of the best emulsifiers . Many of the l atex emulsifiers 
are nonionics . 

The author has evaluated a large number of synthetic 
polymer l atex commercial products and found only three or four so 
far that are suitable for adobe preservation/restoration work . 
These are Airf lex (R )  5 0 0  and 5 1 0 ,  an ethylene-vinyl acetate 
copo lymer ; UCAR (R )  3 6 5 , a vinyl -acryl ic copo lymer ; and possibly 
Rhoplex (R) E- 3 3 0 ,  an acry l ic resin emulsion , which was promising 
in some initial testing . The field testing was a l l  done with 
Airf lex 5 1 0  or UCAR 3 6 5 .  

Latex used as a binder for plaster does not usua l ly cause a 
co l or change problem i f  soi l identica l or very simi l ar to the 
substrate is used . Sometimes soil eroded from the structure to be 
treated can be used . Latex-soi l plasters tend to have a short 
useful l ife due to adhesion failure . This is because most 
pl asters are fairly thick , 0 . 5  cm or more , and are usua l ly mixed 
with l atex contents of 5 %  or more based on the weight of dry soi l 
used . Note that most l atexes contain 4 5 %  to 5 5 %  by weight of 
active po lymer . The combination of thickness and high po lymer 
content can make a moisture barrier that wi l l  a l low the 
accumulation of water at the interface between the wal l  and the 
plaster . Both additional damage to the interior and l oss of the 
plaster wi l l  result in time . This problem has been described in 
deta i l  by C l ifton [ 5 ]  who points out that restoration work on 
adobe by indiscriminate appl ication of preservation materials can 
cause more damage than benefit . 

A New Approach : Latex-So i l  S lurry 

In an attempt to ba lance the benefits of po lymer-containing 
coatings and plasters against the prob lems they may create , the 
use of thin coats of latex-soil mixtures of s lurry consistency 
was investigated . Field tests on adobe test wa l l s  did not deve lop 
any of the problems described above and were very effective in 
preventing erosion for four years of San Francisco Bay area 
weather . These coatings function by shutting out l iquid water , 
but a l l owing vapor water to escape from the interior , and thus 
prevent interior condensation . Key features are the l iquidity 
provided by adding sufficient water to the coating mixture to 
give a s lurry and thus a l l ow a thin appl ication , and a reduced 
amount of l atex , 0 . 5 % to 3 . 0 %  ( as supp l ied ) based on the dry 
weight of the soi l  in the mix . The cured coatings were about 1 . 5  
to 3 mm thick . 



Consolidation Studies 275 

Appl ication Technique 

The cons istency of the l atex-soi l s lurry is regulated by the 
water content and does not appear to be critica l . The amount of  
water to be used is determined by making trial  mixes with the 
test soi l and genera l ly is about 1 7 %  to 2 0 %  of the weight of dry 
soi l .  The optimum amount of l atex wi l l  probab ly be about 1 . 0 % to 
1 . 5 % of the dry soil weight , but should be confirmed by making 
several sma l l  sca le appl ications with s lurries containing a range 
of l atex concentrations . The test s l urries are appl ied to a 
suitable substrate , a l l owed to cure for several days of dry 
weather , and then evaluated for erosion resistance . Rubbing the 
wet test surface with the finger should not resu l t  in a l oss of  
soi l after moistening with a water spray . The minimum amount of  
l atex that gives satisfactory eros ion resistance should be used . 
The l atex should be first mixed with the total amount of water to 
be used to ensure a uni form coating . An ordinary paint brush 
works we l l  as a slurry app l icator . A gunite-type sprayer could 
probab ly be used for a large pro j ect . The s lurry should be mixed 
occasiona l ly ,  but settl ing does not appear to be a problem.  The 
s lurry can a l so be stored in a c losed container and remixed again 
before use . 

The substrate should be in sound condition prior to s l urry 
appl ication . Loose material should be removed by brushing if not 
too deep or extensive . Reinforcement of the surface prior to 
slurry appl ication can be accomp l ished by a l ight treatment with 
a penetrating resin solution . The appl ication rate must not be so 
heavy that it wi l l  form a water vapor barrier . Acryl oid F-10 (R ) , 
a 4 0 %  solution of butyl acrylate in an aromatic naphtha , appl ied 
as a 1 0 %  solution in xyl ene works we l l .  Acryloid F-10 has 
exce l lent weathering properties , but darkens the soi l surface to 
an extent that it would probably not give an acceptabl e  appear
ance without a latex-soil s lurry overcoat . 

The appl ication of l atex-soi l s lurry wi l l  not prevent the 
wicking up of ground moisture into the l ower l ayers of the an 
adobe structure . In some cases the inj ection of a chemical grout 
or insertion of a metal barrier pl ate at ground l eve l , as 
suggested by C l ifton and Davis [ 6 ] ,  may be considered . 

Field Eva luations 

A l l  tests were made on wa l l s  constructed of unstabi l ized adobe 
bricks and plain soi l  mortar obtained from the Hans Sumpf Adobe 
Company of Madera , Ca l i fornia . Thi s adobe soi l is considered an 
idea l soil for brick making . The composition is shown in Tabl e  I .  
These unstab i l ized bricks were made in a special plant run during 
which the usua l aspha lt emul sion stabi l i zer was withhe l d .  

The test wal l s  were constructed and coated i n  the fa l l  of 
1 9 8 2  in the San Francisco Bay area . Four of the wa l l s were about 
1 . 5  m wide and 1 m high . The fifth wa l l  was 3 m l ong and 1 m 
high . Soi l s lurry compositions ranged from 1 . 5 % to 3 %  l atex (as 
supp l ied ) based on the dry soi l weight . Only the Airf lex 510 (R )  
and UCAR 365  (R )  l atexes were used . Appl ication of  the s lurries 
was made with an ordinary paint brush . The coatings had a 
thickness of about 1 . 5  to 3 mm . Plaster of the same composition 
was trowe led on one of the short wa l l s and on the l ong wal l .  Some 
of the wa l l  areas were given a l ight spray of a 1 0 %  solution of 
Acryloid F-10 (R )  in xyl ene one ' day prior to the s lurry apppl ica
tion . 

Inspections were made at interva ls until January 1 9 8 6  when 
shortly thereafter the four short wa l l s  were demo l ished to make 
room for another pro j ect . The fifth l onger wa l l  sti l l  stands 
today and continues to be used for new exper imenta l work . At the 
last inspection in 1 9 8 6  a heavy rain was fal l ing making it  
possible to evaluate color and surface hardness under wet 
conditions . A l l  appl ications , except the heavier plaster 
appl ication , were in exce l lent condition . The thick plaster had 
serious adhesion fai lures . Otherwise no differences were observed 
between the two l atexes or their concentrations . A l l  surfaces 
when wet had the usual dark color of wet soi l ;  they a l l  returned 
to the normal soil color when dry . When the surfaces were pressed 
with a blunt rod , the areas sprayed with Acryloid F-10 (R) prior 
to s lurry appl ication had greater resistance to indentation than 
the corresponding untreated areas . 
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The longer wal l  which had been coated with a heavy latex
soil plaster developed serious adhesion prob lems and damage to 
the interior core . I t  has since been repaired and is being used 
to study other restoration methods . 

Conclusions 

Appl ication of latex-soil coatings as a fluid s lurry is a 
promising method for preserving and restoring adobe structures . 
However , since a l l  field testing has been conducted with only a 
single soil type and outdoor exposures have been l imited to only 
several years , the method should be regarded as experimental 
until tested more extens ively . Thin appl ication and use of 
minimum l atex content in order to avoid formation of a water 
vapor barrier prevent wind and water erosion without damaging the 
core soil structure . The slurry is easy to apply and should be 
lower in cost than many preservation techniques . The method 
should a l so f ind appl ication for earth housing improvement in 
developing countries as we l l  as for the preservation of 
historical structures . 

Table I 

Composition of Hans Sumpf Company Adobe Soil 

Particle Size Analysis 
By wet sieve : 

Grain size , mm 
2 . 3 0 
1 .  0 0  
0 . 5 9 
0 . 3 0 
0 . 2 0 
0 . 1 5 
0 . 0 8 

By Coul ter Counter ( R ) : 

% Finer , by weight 
9 9 . 9  
9 5  
8 3  
6 4  
5 6  
5 2  
4 5  

On fraction below 0 . 0 8 mm grain size 
Mean grain diameter : 7 . 3  p m 
5 %  by volume is greater than 2 7  �m 
9 5 %  by vo lume is greater than 2 . 0  J.Lm 

Clay Types Kaol inite and c l orite : 1 5 % - 2 0 %  
Bentonite : Nil 

Materials List 

Airf lex 5 1 0  (R ) , Aqueous emul sion of ethylene and vinyl acetate 
copolymer , 5 5 %  solids , Air Products & Chemicals , Inc . , Box 5 3 5 ,  
Allentown , PA 1 8 1 0 5 . Telephone : ( 8 0 0 )  3 45 - 3 1 4 8 . 

UCAR 3 6 5  ( R ) , Aqueous emulsion of vinyl -acry l ic copo lymer , 5 5 %  
solids , Union Carbide Corporation , 3 9  Old Ridgebury Road , 
Danbury , CT 0 6 8 17-0 0 0 1 .  Telephone : ( 2 0 3 )  7 9 4 - 6 3 0 0 . 

Acryloid F-1 0 ,  Butyl methacryl ate polymer , 4 0 %  solution in VMP 
naphtha , Rohm and Hass Company , Independence Mal l  W . , 
Philade lphia , PA 1 9 1 0 5 . Te l ephone : ( 21 5 ) 5 9 2- 3 0 0 0 .  
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4 .  James R .  C l ifton , "Preservation of Historic Adobe Structures , 
a Status Report " NBS Technica l Note 9 3 4 , U . S .  Department of 
Commerce , 1 9 7 7 , 1 0 .  

5 .  Ibid . , I S , 19 , 2 3 .  

6 . James R .  C l ifton and Frankie Davis ,  "Protecting Adobe Wa l l s  
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ABSTRACT 

Mud b r ick f rom two archaelo
gical sites at Abu- S ir and 
Mat aria in Egypt was studied 
by X-ray d i f f ract io n , atomi c 
absorpt ion , thin sect ion 
anal ys i s , and scann ing 
e lectron mi croscope . X-ray 
diffract ion data showed t hat 
it con s i s t s  of the f o l low ing 
minerals : qu�rt z ,  p l agio� 
c lase and pot ash fe ldspars , 
mica , an d variab le amount of 
c lay mineral s .  Deter iora
t ion phenomena are due to 
chemical weat her i ng by wate r  
a n d  e f f ect of salt . Consolida
t ion of mud br ick was carried 
out by apply ing tet raetho_. 
xys i l ane , met hy ltr imet hoxy 
s i l ane , and met hy lmethacrY
lat e-but y lacry l ate copolymer . 
Results were examined by 
scann ing e l ect ron mi cro scop�.  
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DETER IORATI ON AND CONSERVATION OF SOME MUD BRI CK IN EGYPT 
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Conservat ion Department , 
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1 .  I NTRODUCTION 
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Mud br ick has been widely used in anc ient Egypt s ince the 
predynast ic per iod in Naqqada , Upper Egypt . It was common ly used 
in constructing tombs in the 1 st and 2nd Dynast ies at Saqqara and 
Aby-dous . C l ay was abundant all over Egypt , so houses were built 
from mud bricks wh ich were suitable to the dry cl imate of Egypt . 
The s i z e  o f  the an cient Egypt ian mud br ick var i e d ,  some had the 
same d imensions as the recent ones , wh i l e  ot her s were very l arge 
size . I n  the Egypt ian museum , there are two anc ient mud�br i ck with 
dimen sions 9 6 . 5  x 5 3 . 3  x 3 0 . 5  cm . As stone became known , tombs 
and temp l e s  were const ruct ed from it , whereas houses and phar aonic 
pal� were s t i l l  bu i l t  from mud brick both for poor people and 
for noble s .  This is the reason that most of anc ient Egyp t i an 
house s and palaces; ha,vel vanishedl, because mud br ick is less durab le 
than stone used for tombs and temp l e s  [ 1 ] . 

Mud br ick is composed of sand , s i lt , c l ay ,  and f ibrous organic�  
mater ials such as straw may a l so be added . Sand was added to 
increase compressive strength and minimize cracking when the adobe 
dried . Non-clay minerals act as internal b i nder . They reduce 
cont ract ion and prevent crack ing [ 2 ] . 

At excavat ion s ites in Abu-Sir an d Matar i a ,  it was found t hat 
mud brick structure s were very fr iable and exten s ive ly det e r io",, __ 
rated . The aim of the present work is to study the deter iorat ion 
factors of adobe . in these two s ites and to f i nd out the suitable 
conso l idan t s  for the ir conservat ion . 

2 .  EXPERIMENTAL 

2 . 1 .  Mud Br ick Samp les 

Two mud b r ick samp les from Abu- Sir ( Old Klngdom 1 st Dynast y )  and 
Mat ar ia ( Roman Period ) were studie d :  The samp les were very 
fr iab l e  and had pale grey co lour . 

2 . 2 .  X-Ray D i ffract ion Analysis 

The samp les were ground in an agate mortar to a f ine powder , 
pressed in the spec imen ho lder , and then mounted in a Phi l ips X-ray 
diffractometer . The operat ing condit ions were � Generator � Cu � 
radiat ion ( 1 . 54 1 8  A O ) with Ni f i lter , 40 Kv , 2 0  rnA current tube , 
speed � 0 . 1 ,  char t �  5 ,  Range � 1 x 1 0 3 , t ime cons tant� 1 ,  and 
s i l t : 0 . 1 .  

2 . 3 .  Chemical and Atomic Absorp t ion Analyses 

Complete chem i cal analysis of mud br ick samp les was carried out . 
Also t he samp l e s  were immersed in deion ized water for 2 4  hours , 
and the washing wat er was analysed for determinat ion of 't he fol lowing 
ions and groups , � Na , K ,  C a ,  Mg , C I , 804 , C03 . 

2 . 4 .  Thin Sect ion Analysis 

Mud br ick samples were sectione d , mounted on mi croscop ic sl ides . 
D i f ferent minerals of each samp le were ident i f i ed us ing a Le i t z  
po lariz ing mi croscope . 

2 . 5 .  Consol idat ion 

Three cubes 5 cm3 were cut from each mud br ick sample , then treated 
with tet raethoxy s i lane [ TEOS ] , tr imethylmethoxysilane ( MTM08 ) ,  and 
methylmethacrylate-butylacry late ( MMAB A )  copo lymer separately by 
penet rat ion through cap i l lary r ise . The f irst two consol idants 
were used without di lut ion , but the last copolymer was di lut e d  in 
1 : 1  to luene and xy lene . After one month the samples were treat ed 
once again , then allowed to stand for one month before examinat ion 
with scanning electron mi cro scope . 
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2 . 6 .  Scann ing Elec tron Microscope ( SEM ) Examinat ion 

The treated sample s were sput ter -coated with go ld ( 1 0 nm th ickne ss) 
then were examined by SEM to compare the act ion of the conso l idan"us 
and whether they f i l led pores , and the shape of the po lymer l inks 
between grains after the polyme r izat ion proce ss . 

3 .  RESULTS 

3 . 1 .  Abu-S i r  Mud Br ick 

X-ray d i f f ract ion data of t h i s  samp le Fig . 1 ( a )  indicated that it 
con s i s t s  of oc - quart z oc 8i02 ( 5 - 0 4 9 0 ) ,  Anor thoclase ( Na ,  K )  
A I S i308 ( 9 - 4 7 8 ) ,  albite Na A I S i 308 ( 1 0 - 3 9 3 ) ,  and trace amoun t s  of 
b io t i t e  K ( Fe ,  M g ) 3 A I S i 303 01 0  ( OH ) 2 ( 2 - 0 0 4 5 ) , kao l in ite AI2Si295(OH4 
and montmo r i l lonite NaO . 3 ( AI ,  Mg ) 2 S i 401 0 ( OH ) 2 ' n H20 ( 2 9 - 1 4 9 8 ) .  
Thin sect ion examinat ion Fig . 2 ( a )  showed quar t z  crystals ( white ) ,  
and large grains of orthoclase ( s imple twinn ing ) in a mat rix o f  
f ine grained s i l t  and clay mineral s ,  and organ ic mat e r i al s .  Most 
of t he const ituting grains were angular . Chemical analysis showed 
t hat it consists of 8 4 . 8 % ( by ."tt . ) insoluble in HCI ( s i l ica and 
s i l icate mineral s ) , 8 . 2 2 %  A12 03 ' 1 . 3 0 %  Fe 203 , 0 . 6 7 %  Na2 0 ,  3 . 2 1 %  
K20 ,  1 . 2 0 %  CaO , and 1 . 2 5 %  MgO . Atomic absorpt ion analysis o f  the 
sample washing wat er showed that i t  cont a ins 0 . 0 4 2  Na+ , 0 . 0 1 7  K+ , 
0 . 0 1 5  Ca2 + ,  0 . 0 0 3  Mg 2 + ,  where volumet r i c  chemical analysis 
con f i rmed the presence of 0 . 0 1 5  CI - , 0 . 0 0 4  s04

2 - and 0 . 0 3  C03 2 - . 

SEM micrographs of this samp le after t r eatment with TEOS , 
MTMOS , and MMABA are shown in Fig . 3 ( a ,  b ,  c )  respect ively . I n  
t he case o f  TEOS the polymer network was formed o n  the grains and 
const itut e  l inks within pores . MTMOS forms l e ss a cont inuous 
layer on t he grains and also did not succeed in creat ing good 
l inks between grain s .  The copolymer shows a spongy f orm o f  the 
unhomogenous resin l inks . 

3 . 2 .  Mat ar i a  Mud Brick 

X-ray dif fract ion data of this adobe showed that it consists o f  
t h e  fol lowing mineral s :  � -quartz GC -S i02 ( 5- 0 4 9 0 ) ,  albite 
NaA I S i 308 ( 1 0 - 3 9 3 ) ,  anorthoclase ( Na ,  K)  A I S i 308 ' ( 9 - 4 7 8 ) , and 
trace amount s of b iot ite K ( Fe ,  Mg ) 3 A I S i 3 01 0 ( OH ) 2 ( 2 - 0 0 4 5 ) ,  and 
montmor i l lonite Nan ( AI ,  Mg ) 2 S i401 0 ( OH ) 2 ' n H20 ( 1 2 - 2 1 9 ) .  Thin 
sect ion analysis of t he samp le demonstrated quartz grai n s , some 
smal l  and others large , p lagiocl ase f e l dspar ( Lame l lar twinn ing ) 
in a mat r ix of f ine grained s i l t  and c l ay minerals . Chemical and 
atomic absorpt ion analyses of this sampl e  showed that it contains 
7 8 . 0 % ( by wt . )  insoluble in HCI ( Si l ica and s i l icate mineral s ) , 
9 . 5 8 %  A1 203 , 3 . 5 0 %  Fe2 03 , 0 . 6 8 %  Na20 ,  5 . 0 4 %  K20 ,  1 . 4 0 %  CaO , and 
2 . 4 8 %  MgO . I t s  washing wat er contains 0 . 0 3 8  Na+ , 0 . 0 1 7  K+ , 0 . 0 0 8  
Ca+ , 0 . 0 0 2  Mg2 + ,  0 . 0 1 2  C I - , 0 . 0 0 3  s04 2 - , and 0 . 0 3 C03 2 - . 

SEM micrographs of the samp le after treatment with TEOS , 
MTMOS , and MMABA are given in Fig . 3 ( d ,  e ,  f )  respect ively . I t  
i s  clear t hat TEOS was precip itated a s  nodules and penetrated 
t hrough pores and around grains . MTMOS F i g . 3 e showed that 
l inks were formed also be tween grains but there are st i l l  large 
areas where l it t le precip itat ion of the polymer occured . MMABA 
did not succeed in forming ne twork l inks of the po lymer . 

4 .  DI SCUSSION 

The properties of mud br ick and i t s  durab i l ity to weather ing 
depend to a great extent on the ir con s t i tuent s and the int eractions 
between them . Also , on the local environmen tal condit ions . The 
amount of sand wh ich is most ly the maj or component , s i l t  or c l ay 
minerals wh ich act as a b inder , and the exist ence of organi c  
mat t er , l imestone , o r  f ired br ick , a l l  p l ay a n  important role in 
the deter iorat ion proce ss . 

I n  the present work , re sul t s  showed that anc ient Egypt ian mud 
brick samp les con s i st essent ially of quar t z , p l agioc lase and 
pot ash f e ldspar s in a loose packing mat r ix of s i l t  and clay 
mineral s ,  and or ganic mater i al s .  The author thinks that the main 
internal causes of deter ior at ion of the examined mud brick were 
the loose packing and t he angular i l l - sorted cons t itut i ng grains 
o f  d i f ferent s izes . The cement material was not d i s t r ibut ed 
regularly between quartz grains . There are l arge areas o f  f ine 
s i l t  and c l ay part icle s ,  where other areas have concent r at ion o f  
loose angular quart z  grains a s  could be seen from thin sect ion 
analy s i s  and SEM micrographs ( F igs . 2 ,  3 )  . .  A l so , the percentage 
o f  s i l t  and c l ay i s  much more than in the ideal adobe stated by 



I'dation Studies Conso 1 

( a )  

Q 

An ����j�lM�;����'���:J) . K B M 'tl")N."/ywI.V .. 4 0  
I 1 I 1 I , ) , , I , I 

68 60 52 44 36 28 20 i '2 4 

Q 

(b ) 

279 

Fig . 1 .  

36 . 52 44 

M.t .r i. 

60 

. ( . ) , .nd 
'.se ( An ), 

f Abu-S lr 
Anorthoc 

' n pattern s °
Albite ( A ) "

l lonite ( M )  . 

. diff rac t l 0
Q artz ( Q ) , 

d Montmorl 

X-Ray 
d b r i ck . 

':l ite ( K ) , an 

28 4 

( b )  �u 
( B ) , Kao l ln b iot lte 



280 Adobe 90 

Cl ifton [ 3 ,  4 ] . The adobe based on diff e rent clay mineral s may 
react to increasing wat er content . Montmor i l lonite adobe w i l l  be 
much more respons ible to compressive deformat ion than a kao l i n i t e  
o n e  f o r  the same amount of ab sorbed water [ 5 ] . 

Water is a ser ious factor for adobe deter iorat ion . Absorp
t ion of water cause s swe ll ing of clay minerals and evaporat ion 
g ive rise to shr inkage , cracking , and breaking . The locat io n  of 
Abu- Sir excavat ion i s  n.ear cult ivat ed l and ; the adobe s tructure 
wal l s  were found immersed in water due to the h igh wat er table 
level in thi s area . So , eff ect of water on adobe i s  eros ion of 
sur f ace along cracks and f is sures , leaching of clay and s i l t  
matrix , a n d  di ssolut ion of solub l e  salt [ 6 ,  7 ] . Migrat ion o f  
soluble s a l t  occurred towards t h e  surface by evaporat ion , and 
recry stall izat ion took p l ace at the surface led to adobe 
det e r i orat ion . 

Temperature f luctuation betwedn day and n ight in both excava
t ion sites is another possible f actor for phys ical weathermng ,of 
adobe i n  Egyp t . Swe l l ing by humidity in the early morn ing , and 
shrinkage at mi d-day cycles l i kew ise , may be imp l i cated . Al so , 
t hermal s t ress and unequal expan s ion of the different const ttuents 
t ake s p l ace giving rise to adobe dis int egrat ion . 

Wind borne sand and deur itus materials mechan ically att acked 
adobe in both areas causing it s abras ion . Riederer [ 8 ] , has noted 
t he intense mechan ical attack of wind on stone in trop i cal 
count r ies . 

The appl icat ion of consol idan t s  is very important for adobe 
conservat ion , which transform in situ into a po lymer confer adobe 
new proper t i e s  of durab i l ity and weather resi stance . I n  the 
present work it is fouQd from the obt ained dat a t hat ,TEOS is t he 
most suitable consol idant for the studied Egyp t i an adobe . I t  has 
low v i scos ity and penetrat e s  we l l  t hrough adobe st ructure . 
Hydro lysis take s p l ace by mo istur e  in air and in adobe i t s e l f  
forms a network S i-O polymer in i t s  s truct ure a n d  ethanol i s  
evaporate d .  T h i s  agrees w i t h  t he acceptance of Fielden [ 9 ] ,  
Gamarra [ 1 0 ] , and Lewin [ 1 1 ]  t hat TEOS with or without MTMOS and 
MEOS respect ively as a sur face t reatmen t for adobe . The author ' s  
current research is the app l icat ion of MTMOS as water repel lent 
material after treatment of adobe with TEOS . . MMABA i s  excluded 
because it may cause cracking by t ime and effect of U . V .  radiat ion 
in s it u ,  t h i s  in addit ion to the weak formed l i nks in adobe 
structure . 

5 .  CONCLUS I ONS 

Deter lorat ion of mud b r i ck in Egypt at Abu-S i r  and Mat ar ia 
excavat ions is due to the usua l causes ( ground water , t hermal 
cycl ing , wind abras ion ) but is acce lerated by the adobe t exture . 
I l l -sorted and loose packing of t he d i f ferent s i ze cons t ituent 
grains . TEOS was found to be the best conso l idant for Egypt ian 
adobe st ructure . 
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F i g . 2 .  Thin sect ion photographs of Abu- S i r  ( a ) , and Matar ia ( b )  
mud-br ick showed quart z , potash and p l agioclase fe ldspars 
i n  a mat r ix of s i l t  and c l ay mineral s .  x n icol s ,  6 . 3  x .  
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Fig . 3 .  S EM micrographs of Abu- S ir mud brick ( a ,  b ,  c )  and 
Mat aria mud br i ck ( d ,  e ,  f ) , aft er treatment wi t h  
TEOS , M'FMOS , and MMABA respect ively , 4 0 0  X .  



ABSlRACT 

THE KEZIER GROTIOES, in the 

Xinjiang Autonomous Region of 

China, were carved in mudstones 

and sandstones. These natural 

sediments are poorjly consolidated 

and behave like earth, disintegrating 

rapidly when immersed in water. 

Extensive research tests are reported 

on the use of potassium silicate of 

high molar ratio Si02 : K20 

(typically 3.8) together with 

magnesium fluorosilicate and, in 

some instances, silanes such as 

methyltriethoxysilane as 

consolidants for the sediments. 

These yielded water-resistant 

products. ·Freeze-thaw, salt

resistance, accelerated aging, and 

water-absorption tests are reported. 

In field tests, walls were wrapped in 

gauze, wetted with glycerine and 

covered with plastic to prevent rapid 
drying and the formation of K2C03. 
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THE WEATHERING CHARACTERISTICS OF THE ROCKS OF THE KE Z IER GROTTOES 
AND RESEARCH INTO THE IR CONSERVATION 

Huang Ke zhong, Jiang Huaiying, Cai Run , Feng Li juan 
Scient i f i c  and Techn i cal Inst itute for Conse rvat ion of Cultural 
Re l ics 
People ' s  Republ i c  of China 

Introduction 

The Ke z ie r  Grot toes ( F ig . l )  are located in the Xinj iang Autonomous 
Reg ion of north,western China . They were carved in Tert iary 
mudstones and sandstones which are so poorly consol idat ed and 
cemented that they dis integrate immediately upon being wetted . In 
this respect they are s imilar to man-made earthen material s .  

F ig . l  Ke z ier Grottoe s ;  view near Cave 1 8  on the western s ide . 

In 1 98 6  t he grottoes were surveyed, and it was noted that 
rap id det eriorat ion was occurring desp ite the ext reme ly sparse 
rainfall in the region . What little p recipitat ion occurs is 
focus sed into run-off channels that dis sect surfaces and 
per iodical ly cause col lapse of large sections . Within the 
grottoes alkal ine salts also cau se f laking o f  the wall paintings . 

In order to understand the characteristics of dis integrat ion 
and deve lop strategie s for consol idation and protect ion of the 
grottoe s ,  a re search program was undertaken . Thi s addressed the 
mineralogy, chemical composit ion , soluble salt s ,  and extens ive 
laboratory and in-situ tests of consol idant s .  Acce lerated aging 
tests are present ly underway . 

Rock Characteristics and Their Physical and Mechanical Properties 
Lithological characteristics: 

The geological strata of the grottoes region is the upper unit of 
the Tert iary period . The sediments are lacu strine in origin and 
are comprised of mudstone, sandstone, as we l l  as lesser amount s  of 
coarse sandstone , and grave l mudstone . The sandstone is grey to 
greyi sh-green, and it s mineral component s are mainly quart z ,  
feldspar, a s  we l l  a s  a lesser amount o f  a b lack mineral . 
Typ ically the thickne s s  of s ingle bed was 3-4 m .  The cementing 
agent s are calcareous or calcareous-mud, and the binding 
propert ies are poor, as shown by rapid dis integrat ion of the rock 
in rainwater . 

The rock wal l s  in the grot toes have five to s ix layers of 
mudstone , the thickne s s  of each be ing about 2 m .  They are brown 
or grayish brown in color and contain soluble salts with loca l�y 
f ine gypsum layers , which weather eas i ly . 

Microscopy: 
Thi s work was carried out by the Geological Institute o f  the 
Academy of Sciences of China . Comprehens ive chemical analys i s ,  X
ray diffraction analys i s ,  di f ferent ial thermal ana lys i s  and 
scann ing e lect ron microscope examinat ion has been done . The 



Table I Physical properties: 

Sandstone: 
bulk specific gravity = 1.86g/ cm3 
specific gravity = 2.72 
porosity = 20.9% 
pore volume = 0.113 cm3/g 
mean pore radius = 27.7 x 10-5 cm 
water content = 1 .55 - 7.3% 

Mudstone: 
bulk specific gravity = 2.01 g/ cm3 
specific gravity = 2.74 
void ratio = 0.267 
water content = 2.74% 

Table II Mechanical properties: 

Semi-weathered rock: 
St = 0.86 kg/ cm2 
Sc = 18.23 kg/ cm2 

Weathered sandstone: 
St = 0.66 kg/ cm2 
Sc = 13.93 kg/ cm2 

Semi-weathered mudstone: 
St = 23.58 kg/ cm2 
Sc = 497.8 kg/ cm2 

where St = tensil strength, 
and Sc = compressive strength 
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sandstone was poorly cemented and cont ained a great dea l  o f  
carbonate ( 3 6 . 5 % or s o ) , and other soluble salts such a s  NaC I ,  
MgC I2 , and CaS04 0 2H20 .  After being ful l y  submerged in water the 
rock lost its st rength and completely di saggregated ( F i gs . 2 ,  3 ) . 
The mudstone contained 5 - 6  % montmori l lonite . 

F i g . 2  Photograph showing s ampl e  
J f  the rock immediately a ft e r  
b e i n g  p laced i n  wat e r . 

F ig . 3  Photograph showing the 
s ame s ampl e  ( fig . 2 )  1 0  minute s  
late r . 

Physical properties and Mechanical strength: 
The physical propert ies are presented in tab le I .  In view of the 
fact that the sediments were so poorly compacted and frag i le , a 
po int loading inst rument was used for tests of mechan ical 
st rength . The advantage of this method is that it avo ids the 
problem of i rregular samples , whi le al lowing for the examination 
of seriously weathered sample surfaces . Typical averaged values 
of mechan ical propert ies are pre sented in table I I .  

Consolidant Testing 
Selection of materials : 

Chemical con s o l idation shou ld improve the physical and chemi cal 
propert ies of the rock and their water-resistance , thereby 
stopping the i r  det erioration due to rain . The protect ive mea sures 
we cons idered u s ing were t reat ing the rock with weather-re s i st ing 
chemica l s . 

According to the propert ies of the rocks and cl imate of the 
Ke z ie r  Grottoes , we decided first that the prerequisites for the 
se lect ion of consol idants were improved wate r-res istance and 
compress ive st rength . In view of the fact that the rock is poorly 
compacted, the consol idants shou ld have good penet rat i o n ,  show 
res istance to freez ing and weathering . Because the chemical 
mat erials were not used directly on the mura l paintings within the 
grottoe s ,  a l it t le di fference in color was t o lerable . 

From the first , we intended to use potass ium s i l icate for 
t reat ing the rocks and invited our col leagues of the 
Administ rat ive Unit of Bingl ingshi Grottoes , Gansu Province t o  
j oin i n  the tests . Two pre l iminary in-situ test series , and many 
laboratory test s ,  were carried out in October 1 9 8 6  and May 1 9 8 7 . 
St rength increased bec�use of the use of potass ium s i l icat e ,  but 
init ially depth of penet ration and wate r-res istance were not 
sufficient . Thus pot ass ium s i l icate was not used for large-scale 
t reatment at that t ime . In orde r to furthe r the pro j ect , our 
institute then researched and deve loped seve ral new chemical 
weather-res ist ing materials based on part icular grade s of 
potass ium s i l icate t ogether with other addit ives . 

Test principles: 
The rock of the Ke z ier Grottoes con s i s t s  of quart z ,  feldspar and 
carbonat e s ;  it is fragi l e ,  flakes on rubbing, and dis integrat es at 
once in water . Because the main component of the rock is s i l icon 
dioxide , a chemical consolidant which can form an inert s i l i con 
dioxide or s imi lar compound was selected . Potass ium s i l icate is 
weather-resistant but is strongly alka l ine ( pH 1 4 ) , thus acidic 
magnes ium fluorosil icate wa s added t o  neutral i z e  the alkali and 
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generate inert s i l i con dioxide and other compounds that wou ld 
con s o lidate the rock and l eave an inert sub strate : 

where n is t he molar rat i o  o f  Si02 

In addit i o n ,  organic si l icon compounds such as methylt rimethoxy
s i loxane or methylt riethoxysi loxane can form high-mo lecular 
s i l i cone under the action of a weak ba s i c  catalyt ic agent : 

-O-S i-O-

I 
CH 3 CH 3 0 

I OH - I I 
R 0 S i - O  R +H20 -� S i - O - S i - 0 + R 0 H 

I I I 
0 CH 3 OR I n 

n 
-O- S i -O-
I 

where R is ethyl ( C2HS ) o r  methyl ( CH3)  

This react ion i s  fast . In order to meet pract i cal usage , it is 
necessary to regulate the amount of water and hardening agent as 
we l l  as increase the amount of a lcoho l ic solvent t o  s l ow the 
react ion . The alcoho l serves a l so to s low the increase in 
viscosity as the pol ymeri zat ion proceeds and thus fac i l itates 
penet rat ion int o the rock . 

Tests to determine the optimum formula : 

A great deal of work on the select ion of the best formu las 
suitable for consol idat ion of the Ke z i er Grottoes was nece s sary . 
Because o f  serious weathering o f  the rock , samples which could be 
used for tests were l imited and it was impos s ible to obtain many 
samples for tests . Potass ium s i l i cate of mo lar ratio of S i02 : K20 
over 3 . 4  has been used abroad; in our count ry potass ium s i l icate 
of highest rat i o  4 . 1  in l iquid state can be produced . In brief,  
the formu l a  developed was based on an aqueous so lut ion of 
potass ium s i l icate -- whose value was " from 3 . 4  t o  4 . 1  but mainly 
3 . 8 ,  diluted four- fold with wat er -- and was a l s o  reacted with 
magne s ium flouoro s i l icate . 

Adding magnesium fluoro s i l icate to potass ium s i l i cate 
solution precipitates catkin-l ike s i l i con dioxide immediately . 
The test called for brushing diluted potass ium s i l icate solut ion 
ont o the opposite two s ide s o f  the sample unt i l  it was permeated 
complete l y . After seven days of drying it was brushed with 3 %  
magnes ium fluor o s i l icate solut ion unt i l  completely permeated . 
Afte r  a further seven days of drying it was brushed with 5 %  
magnes ium f luor o s i licate s o lut ion . 

Samples for testing depth of penetrat ion we re brushed on one 
side. only unt i l  permeated completely . The s i ze of the sample was 
5x5x5 cm . The main advantage of organ ic s i l i cones such as 
methyltriethoxy s i l ioxane was its superior water-re s i stance . 
However ,  the high cost of this material prevented its use in the 
Ke z ier Grottoes . In these experiments a group of tests of 
composite materials of inorganic materials and the organic 
s i l icones was involve d .  

In the course o f  the experiments i t  wa s found that i f  only 
s imple brushing was done , without any wrapping of the samples , 
then poor penet rat i on occurred on the second appl icat ion , and the 
sur face was suffused with white . The reason is t hat after 
brushing with potass ium s i l icate solut ion the surfaces dried too 
qu ickly and crystals of pota s s ium s i l icate aggregated on the 
surface . This converted into s i l icon dioxide and potass ium 
carbonate after contact with the air . A thin impermeab le layer 
often formed on the surface , prevent ing the second and third 
brushings from penetrat ing . Howeve r ,  if after brushing the 
samples were wrapped with gauze wetted with glycerine , the 
moisture evaporated s lowly and the potass ium s i l icate remained in 
the inner part o f  the samples , such that white pot a s s ium carbonate 
did not form on the surface . Subsequent brushing with 3 %  
magnesium f luoros i l icate solut ion , or 5 %  for third t ime , al lowed 
easy penet rat ion . After brushing with organic s i lanes the samples 
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a l s o  were covered with gau ze wetted with glycerin e ,  which reduced 
the volat i l i zat ion and prevented organic s i l icone resin from 
forming on the surface and creat ing a glossy,  re f lect ive layer . 

Judging from indoor test s ,  potass ium s i l icate of low mo lar 
rat i o  had a low st rength and uneven penetrat ion whi l e  the samples 
con s o l idated with pot ass ium s i l i cate o f  rat i o  3 . 8  had a high 
st rength and even penetrat i on of about 5 cm . For samples treated 
with potassium s i l icate of rat i o  above 3 . 8  the st rength did not 
increase . 

Tests in-situ: 
We selected seven rock . wa l l s  of Ke zier Grottoes ( F ig . 4 ) , each with 
area of about I m2 • After physical tests in-s itu t o  determine the 
rebound strength,  samples were sent to Be i j ing for test ing depth 
of penet rat i on and water-res istance . Ana lys is of test result s 
showed that the pure inorganic materials gave deep penetration and 
high st rength, but water-re s istance was poor . On the other hand, 
organic s i l i cones gave good water-res i stance , but the st rength was 
poor and the penetrat ion was uneven . We conc luded that us ing 
composite inorgan ic and organ ic materials for con s o l idat ing the 
rocks o f  Ke z ier would,  ideally,  provide the best protect ion . 

Fig . 4  Site test ing . 

Systematic Tests: 

In order to verify the test data further, we selected two of the 
better formulas and divided the tesf s amples into two groups . 
Group A was the composite material and Group B the inorgan ic 
mat eria l .  

Formula A :  

Formula B :  

pot a s s ium s i l icate of molar rat i o  3 . 8  
3 %  magne s ium f luoro s i l icate 
5% magnes ium f luoro s i l icate 
methyltriethoxys i l oxane 1 0 0  
ethanol 7 0  
hardening agent SCP 0 . 8  

pot ass ium s i l icate o f  molar rat i o  3 . 8  
3 %  magnes ium fluoro s i l icate 
5% magnes ium fluoro s i licate 

Examination of Consolidation Materials 

Preparation of samples :  

In order t o  make the data from l aborat ory tests and those from the 
in-s itu tests comparable , we made it a ru le that the preparat ion 
of the samples in the laboratory must be ident ica l with the 
con s o l idat ion treatment in-situ . Thus , in the proce ss of 
consolidat ion of the samples only spraying or brushing was used; 
submerging o f  the samples was not al lowed, and that guarant eed the 
re l iabi li t y  of test data . 

Density and porosity : 

Mercury i n j ection poros imetry was used to measure den s it y  and 
porosit y .  It was found that the dens ity of Group A was somewhat 
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higher than that of Group B :  Both A and B were sprayed, and both 
A and B had much higher dens it y  than the o r iginal rocks . 

The calcu lat i on of the porosity wa s by conversion between 
dens ity and pore volume . The results showed that the poros it y  of 
group A samples was much l ower than that of group B and original 
rocks . 

Pore volume and mean pore radius: 

The pore volume and the mean pore radius were mea sured for group A . 
and group B .  The pore volume of group A was 0 . 0 1 6 6 4  cm3/ g ,  and was l 
lower than that of 8 5 %  of the or iginal rocks whos e  value was 
0 . 1 1 2 6 7  cm3/g . At the same t ime it obviously wa s lower t han that 
of group B .  The mean pore radius of group A was higher than that 
of the o r iginal rocks but lower than that of group B .  

Strength: 

Two methods t o  measure st rength i n  the laboratory and in-s itu were 
used . In the l aborat ory , samples ( 5x5x5 cm) were sprayed on 
oppos ite s ide s . Aft er drying, the sprayed s ide s were vert i ca l ly 
mea sured by the method of point loading . The ten s i l e  st rength of 
St = 2 . 2 6  kg/cm2 and compre s s ive st rength o f  Sc = 47 . 5 1 kg/ cm2 were 
3 . 4  t imes great er than those of the weathered rocks and 2 . 6  t ime s 
greater than those of semi -weathered rocks . They were a l s o  h igher 
than those of group B .  

With regard t o  measurement in-situ , because the concent rat ion 
of consol idant decreased with depth into the samp l e ,  the use of 
the point loading method for mea surement was impos s ible , and we 
used the rebound method to measure the surface st rength of rock . 
The surface strength of the original rock was too low to calcu late 
its real strength; thus only the change in rebound va lue before 
and after t reatment is used t o  describe the i r  change of strength . 

Al l the rebound va lues of the o r iginal rocks were l e s s  than 
1 0 ,  and indentations occurred on the rock surfaces after the 
measurement . The mean rebound value of Group A was about 1 5 ,  
whi le that of Group B was about 1 3 . Only a t race o f  indentation 
occurred on the t reated rock surfaces after the rebound 
mea surement . 

Tests for depth of penetration: 
Measurement of penet rat i on was based on. the dis integrat i on o f  the 
original rocks after submers ion in water . In laborat ory test ing 
only one s ide of the sample of the 5 cm cube was sprayed which,  
after drying, was ful ly submerged in water . The uncon s o l idated 
part of the sample dis integrated,  and this method showed that the 
depth of penet rat ion of consol idat ion was more than 5 cm . Tests 
for penet rat i on depth in-situ with the same basic method proved 
that the depth was 4 - 5  cm . 

Tests for water-resistance : 

Test samples for water-res istance were divided in two . One was 
submerged for a l ong t ime . The sample s ,  5 cm cube were sprayed on 
a l l  s ides and fully permeated and cured, then submerged in water . 
From 6th August 1 9 8 7  to the pres ent , none have di s integrated, 
whe reas the o riginal rocks dis integrated in l e s s  than 10 minute s .  
The other test was t o  dry and wet the samples a lt ernate l y  by 
submers ion in water for 24 hours and then by plac ing them in an 
oven at 6 0 ' C  for 72 hours to dry . Some 1 6  cycles have been 
completed so far without gis integrat ion . 

Water absorption tests: 
The se determined the amount of water moving through the samp l e  
surface per u n i t  area with t ime . The purpose wa s t o  compare the 
change of cap i l larity and the water-re s i stance of surfaces of the 
rock before and after spraying . The samples were sprayed on one 
s ide then prepared into rectangu lar columns of 2 x3x5 cm, dried and 
weighed and then the sprayed surface of 2x3 cm wa s brought into 
contact with water . Later it was weighed and the amount o f  water 
moving through the sample surface per unit area was ca lculated . A 
p lot of water uptake with t ime was constructed . Both l aboratory & 
in-situ results were determined . For group A the water-absorbing 
capacity was 0 . 0 0 8  g/cm2 in 2 hours in-situ,  and 0 . 3 4  g / cm2 
indoor s ,  and the capi l lary rise of wat er was 2 cm in 2 hours . The 
wat er-abs orbing capac ity of the original rocks could reach 1 . 1 5 
g/cm2 , and cap i l l ary he ight could reach 5 cm . in 1 0  minut e s . For 
group B the wat er-absorbing capa city was 0 . 8 9  g/cm2 in 9 0  minutes , 
and cap i l lary he ight of 5 cm in 3 5  minutes . It was thu s  clear 
that the water-resi st ance of qroup A has qreat lv increa sed . 
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Freeze-thaw tests : 

The 5 cm cube samples were ful l y  sprayed, oven-dr ied and we ighed, 
then submerged in a vacuum chamber for 1 hour , and placed in a 
freezer at - 2 0 ' C  ± 2 ' C  for 4 hours be fore being t aken out and 
thawed at room temperature . This proces s  comp leted a cycle . From 
the results of n ine cycle s ,  the freez ing-re s i s tance of group A wa s 
better than that of group B ,  as we l l  as the origina l rock . 

Tests for salt resistance: 

The preparat ion of the samples was the same as for the freeze -thaw 
tests . Samples were placed in sat urated sodium s u l fate s olut ion 
for 20 hours , then dried at 60 ' C  for 72 hours . After five cycles 
the stab i l ity of the samples o f  group A wa s clearly better than 
that o f  group B .  

Tests for aging : 

The protect ive materials were sprayed on thin samples 4 x5 0xl O O  cm, 
and then put into aging apparatus of WE-SUN type , the t emperature 
was control led at 4 0 ' C , and sprayed with wat er every 3 hours . The 
apparatus has run for 1 0 0 0  hours so fa r .  Cracks occurred on the 
samples because of their thinne s s ,  and part of the samples o f  
group A weakened a t  t h e  corners ; most o f  the samples o f  group B 
loosened and di s integrated . Tests are cont inuing . 

Morphological observation: 

The rock samp l e s  before and after treat ing were observed with the 
scanning e lectron microscope . It turned out that the compos ite 
materials e ither had sealed the sample surfaces o f  group A, or had 
f i l led the pore s ,  but the pores had not been sealed completely . 
Flake-l ike inorgan ic materials a l s o  occurred on the rock surface 
( F i g . 5 )  and t o  a depth o f  3 cm; flake - l ike or cat kin-l ike 
inorgan ic mat erial a l s o  covered the rock surfaces o f  samples of 
group B, but pores were f i l led in to a lesser ext ent , and s ome 
mineral grains were not covered with inorgan ic consol idant . Under 
the polar i z ing micros cope we observed the compos ite materials 
part ly f i l led in the pores t o  a depth o f  1 cm in group A .  On the 
sur faces of the samples the compos ite materials covered the 
minerals thicker than 1 cm . Tests in s itu 2 were observed under 
crossed polari z ed light , it could be seen that the pore s on the 
rocks ' surfaces increased, and many mineral s  could be resolved . 
The compo s ite materials showed sma l l  granu lar st ructure , and the 
inorgan ic materials showed catkin-like s i l icon di oxide . 

F ig . 5  Scanning e lect ron micrograph of the coating material 
cover ing the mineral s  in the rock sample . 

Conclusion 

Pract i cable methods o f  protect ing the s ite against eros ion by 
wat er were deve loped . The se methods used spraying , or brushing o f  
pot a s s ium s i l icate s o lut ions o f  high molar rat i o  o f  S i02 : K20 
( t ypica l l y  3 . 8 ) , with othe r inorganic a�ditive s ,  on the surfaces 

o f  the rocks . In s ome tests the s e  procedure s were combined with 
alkylalkoxys ilane s ,  but the high cost o f  these materia l s  prevented 
extens ive f i e ld use . The problems of K2C03 effl ores cence we re 
large ly e l iminated through use of the appropriate rat i o  o f  
s i l icate and by cove ring t h e  sur faces with glycerine- impregnated 
gau ze t o  retard drying . 
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I ntroduc tion 

There are many individual factors that contribute to the decay o f  
excavation s i te s , but . by far the mo st des truc tive and frus trating 
is the combination of neg lect and s low decompos ition through time . 
I t  is inexcusable that the great relics o f  our past dis solve away 
unattended whi le new trenche s are dug nearby . The primary concern 
at this time should not be the discovery of new c iv i l i z ations , but 
the preservation of those already uncovered . 

The ancient Phrygian c ity of Gordion serves as a perfect 
example o f  a s i te where such action is neces sary . Whi le this 
paper wi l l  concentrate only on the needs of the s i te ' s  mud brick 
building s , Megaron 1 and Megaron 4 ,  it i s  by no means intended 
to obviate the attent ion needed by Gordion ' s  other monument s . 

A Brief S i te H i story and Description 

Megaron 1 and Megaron 4 be long to the Early Phrygian c i tadel that 
is the dominant feature of Gordion today . Excavations conducted 
by Rodney S .  Young between 1 9 5 0  and 1 9 7 3  and by Mary Vo igt in 
1 9 8 8 - 1 9 8 9 ,  under the auspices o f  the Univer s ity of Pennsy lvania , 
have uncovered numerous occupation leve l s  within the 3 0 0  x 5 0 0  m 
" C i ty Mound" s i tuated on a flat plain along the Sakarya River 
about 1 0 0  km southwe s t  of Ankara , Turkey ( See fig . 1 ) . Settle
ments run the gamut from Early Bronze Age s trata in the t e l l ' s  
lowe s t  layers to an early Roman Emp ire encampment in the topmo st 
regions of the mound . The expo sed sections o f  Early Phryg ian 
Gordion lie in an enormous 1 5 0  x 2 0 0  m trench c leared from 
the eastern hal f of the City Mound during Young ' s  excavations . 
Little was known o f  the Phrygians unt i l  Young ' s  intensive search 
made it clear that by the end of the eighth century B . C .  Phrygia , 
with Gordion serving as its capital , was a prominant civi l i z ation 
exerting cons iderable control over central Anato l ia . I t  i s  also 
apparent that Gordion reached the he ight of its prosperity under 
the rule of the legendary King Midas and that Phryg ia me t its 
demise as a dominant power under his leadership when Gordion 
was burned and des troyed by the Kimmerians , a group of nomadic 
invaders , in ca . 7 0 0  B . C .  

The Early Phrygian c itade l , cal led the " De struction Leve l "  
because of the s igni ficant fire damage and collapse o f  many o f  its 
s tructures , is divided into three main prec incts : a palace area to 
the northwest , a high terrace to the southwe s t  support ing two long 
service s tructure s ,  and a multiroomed bui lding that bordered the 
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Figure 2 .  1 9 5 6 - Megaron 1 
j us t  a fter excavation . 

c i ty ' s  northwe s t  fort i fication wal l .  To the southeast i s  a 
mas s ive gate comp lex that served once as a monumental entrance 
to the c i ty but was undergoing a rebui lding proj ect at the time 
of the Kimmerian con flagration . The burned rema ins of the two 
mud brick megara s tand in the palace are a ,  which consists of two 
courtyards separated by a heavy enc losure wa l l  running northeast
southwe s t  and each containing groups o f  megara . Megaron 1 is 
located in the southwe s t  corner o f  the " enc losed courtyard " 
nearest the gate complex ( so c a l led because o f  a light retaining 
wa l l  that separates it from the gate s tructure s ) , and Megaron 4 is 
s i tuated on the northwe s t  s ide o f  the " open square " ,  the courtyard 
northwe s t  of the heavy enc losure wal l .  

Megaron 1 

Excavated in 1 9 5 6  and dated to the ninth or eighth century B . C . , 
Megaron 1 is one of the earliest bui ldings of the Des truction 
Leve l .  The s tructure measures 9 . 5  x 1 7 . 5  m and cons ists of a 
porch and inner room , each with a central hearth ( See fig . 2 ) . 
Entry was gained through two central doorways pl aced symmetric a l ly 
a long the longitudinal axi s ,  one leading from the enc losed court
yard to the front porch and the other pierc ing the cro s s  wa l l  
between the porch and the inner room . Except for a stone soc le 
the megaron ' s  wa l l s  were built entirely of mud brick and wood and 
then covered with a thick coat of mud plaste r .  The existing walls 
are three bricks thick with alternat ing niches and piers on the 
inner and outer face s .  The niches were left by wood posts set 
into the wa l l  faces on the exterior and interior of the bui lding 
and are wide enough to sugge s t  pairs o f  pos t s . The rema ins of 
the wa l l  face s s tand to a uni form height o f  about 1 m,  whi le the 
central row of bricks r i se s  somewhat higher and is pie rced at 
regu lar interva l s  by hole s . A hori z ontal beam topped o f f  the 
vertical posts and bricks of e i ther wa l l  face a� thi s  leve l .  The 
voids through the inner brick core were for short crosspieces that 
tied the framework of each side together . The level above thi s  
f i r s t  horiz ontal beam would have had i t s  own po sts and another 
wood leve ling course above them . 

During the fire , the roof--made of beams covered with a layer 
of reeds coated in turn by c lay--col lapsed along with all the 
wal l s  above the first level ing course . The copious amounts o f  
wood used in the timber framework and roof beams in conj unction 
with the highly flammable reeds mus t  have made the blaze quite 
intense . This was made apparent by the vitri fied s tate of in 
s i tu mud plaster that melted in the fire and began running down 
the wa l l s .  Many o f  the individual mud bricks , particularly tho se 
located in the niches l e ft behind by burned out posts , were baked 
hard and bl ackened because of the ir proximity to the flaming 
timbers .  

Megaron 4 

Megaron 4 was comp leted at the end o f  the e ighth century j us t  
be fore the Kimmerian fire . I t  rests about 2 m above the other 
buildings of the open square upon an extens ion of the c itade l ' s  



F igure 3 .  1 9 6 1- Megaron 4 
j us t  a fter excavat ion . 

Consolidation Studies 

southwe s t  terrace . The structure has exterior dimens ions of 
1 2 . 3  x 22  m ( See fig . 3 ) . The interior arrangement con s i s t s  o f  
a very shal low front porch and a deep inner room connected by 
a central doorway in the cross wa l l  between the two rooms that 
is matched by a doorway of the same width between the facade ' s  
returns . Unl ike Megaron 1 ,  the wa l l s  were made of solid mud 
brick without a wood frame and range from 1 . 3 2 � 1 . 4 5 m in 
thickne s s . There are no vertical niches ill the inner and outer 
face s and no bricks preserved at a uni form level to sugge s t  
hori z ontal string cour s e s . Charred wood and reed found on the 
floors indicate that Megaron 4 had a roof simi lar to Megaron 1 ,  
and a pattern of post ho les in the main room suggests that there 
was once a three- sided gal lery leve l in the rear chamber along the 
back wa l l  and flank s . As with other. examples of this gal lery 
system found in many bui ldings of the Des truction Leve l , Megaron 
4 ' s  gal lery prov ided its own support without pierc ing the actual 
wa l l  fabric . 

Whi le Megaron 4 was razed almos t  to its foundations , it seems 
that the absence of a half-timbering sys tem did not fue l as severe 
a fire as that encountered by Megaron 1 .  The roof and gal lery no 
doubt burned and col lapsed fo llowed by the subsequent fall of mo st 
of the super s truc ture . However , the in s i tu sections of mud 
brick , which vary in height from 0 . 2 5  meter s  to 0 . 7 5 meters , do 
not exhibit the same degree of burning and disco loration as those 
in Megaron 1 .  

Decay of the Megarons 

C l imatic conditions in the Gordion region are inordinately harsh . 
The ma j or i ty o f  the average annual 3 5 0  mm of precipi tation fal l s  
during the winter months and is accompanied b y  freez ing tempera
ture s ( - 1 5 ° C ) . During the summe r ,  when excavations are ongo ing , 
the area is quite dry and windy ' with only limi ted rainfa l l , 
exceedingly high temperature s ( 4 0 ° C- 4 5 °C ) , and correspondingly 
low humidity ( 1 0 % - 2 0 % ) . This is an ideal envi ronment for the 
promotion of mechanical weathering on the excavation s i te , 
particularly for unprotected surfaces that are broken down by 
repe ated frost-wedging and wet-dry cyc les and washed or blown 
loose by rain and wind . • 

Of a l l  the eros ion at Gordion the mo st notab le post-excava
tion deterioration has taken place on Megaron 1 and Megaron 4 .  
Unt i l  the 1 9 8 9  season , no intervention had been taken to c ircum
vent the s lumping of the earthen masonry that makes up the 
rema ining wal l s  of the se monuments except for an app lication 
of acrylic re sin to a sma l l  section of Megaron 1 in 1 9 8 2  ( see 
" Previous Tre atment " be low ) . 

Megaron 1 seems to be better preserved than Megaron 4 ,  
although it was excavated five years earlier and has been exposed 
to the environment for a longer period of time . This i s  more than 
likely due to the more complete baking that the mud bricks o f  
Megaron 1 underwent from the intense temperatures generated b y  the 
ignited timbers of the build ing ' s  wood framework . Another factor 



Figure 4 .  Overall deteriora
tion o f  Megaron 1 .  

may be that Megaron 4 is in a more vulnerab le pos ition . I t  i s  
e l evated above the level o f  the other bui ldings in the palace area 
and does not bene fit from any shade dur ing the day or any sort of 
protection from wind and rain . Megaron 1 ,  on the other hand , is 
bordered by terracing wa l l s  bu i l t  at l ater s tages of the c itadel 
that extend a long its southeast f lank and rear wa l l . These o f fer 
at least some shade and certainly act as screens from some of the 
elements . 

Despite the di screpancies in states of preservation both 
megarons are in terrible condition . For the first several years 
after it was unearthed , Megaron l ' s  individual bricks and their 
cour ses were c learly disce rnible and uninterrupted except for the 
niches l e ft by timber post s . Now , after thirty- four years of 
continuous contact with snow , rain and wind , many sect ions of 
the wa l l s  have dissolved comp lete ly , whi le the outer surfaces of 
others have " me lted " so that the wal l s ' original forms are barely 
recogn i z able ( See fig . 4 ) . In megaron 4 ,  the bulk o f  the wa l l s  
have e i ther d i s appeared or have been covered with s lump that was 
once original brick sur face . It is only at the returns o f  the 
cross wa l l  and facade that one can s t i l l  make out the seams that 
demarcate d i f ferent bricks . 

Previous Treatment 

Prior to 1 9 8 9 ,  the only treatment undertaken on the mud brick 
architecture was the application in - 1 9 8 2  o f  an acrylic resin 
( Acryloid A-2 1 )  on a sma l l  section o f  Megaron 1 [ 1 , 2 ] . I t  is 

unc lear whether the app licat ion has been e f fective in preventing 
further deterioration , particularly as the treatment was not 
carefully documented or photographed .  Furthermore , i t  i s  doubt ful 
that the high mo lecular weight ( and corre sponding viscosity) of 
the resin permitted deep penetrat ion . 

On- s i te Examination and Treatment Te sts 

I n  1 9 8 9 , we made a detailed examination o f  the mud brick architec
ture o f  Megara 1 and 4 and discus sed the deterioration of the mud 
brick , the previous treatment , the samp ling of burned and unburned 
section s ,  propo s a l s  for tre atment tests , and future research . We 
requested and rece ived permiss ion from the Turk i sh Archaeological 
S ervice to take samples of the mud brick . The ana lysis of samples 
w i l l  determine the condition and s tructural strength of the burned 
and unburned mud brick . 

Megaron 1 was chosen as a s i te to test two treatment methods 
for the protection of the mud brick architecture . The first 
propo s a l  was to cover a sma l l  mud brick section / pier with a modern 
mud plaster ( or mud stuc c o )  as a protect ive coating , wh ich , 
a lthough obscuring deta i l ,  was not unlike the protective mud 
pla ster that had originally covered the surface . The second 
propo sal was to consol idate another sma l l  section with an acrylic 
colloidal dispersion (Acrysol WS - 2 4 ) ,  both as a comparison to the 
mud plaster app lication and to the previous acrylic treatment 
( Acryloid A-2 1 )  app lied in 1 9 8 2 . 

Toward the end o f  the season we c arried out both of the se 
tests , after first photographing , c leaning , and samp ling di fferent 
sections o f  the mud brick . One o f  the local workmen , who had been 



F igure 5 .  Section/pier o f  
Megaron 1 a fter mud plaste r  
app l icat ion . 

Figure 6 .  Con sol idation te s t  
u s ing 4 %  WS- 2 4  on mud brick . 

F igure 7 .  Section/pier o f  
Megaron 1 a fter 4 %  WS - 2 4  
application . 
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rep laster ing the mud brick in the Gordion excavation compound 
( house and wal l s ) , mixed up a thick mud plaster and care fu lly 
appl ied it directly over one of the mud brick section s / p iers .  
This was al lowed to dry and touch-up was done in any cracks 
that developed . Detai led photographs were taken to record the 
tre atment so that any weathering and change over the winter can 
be compared in 1 9 9 0  ( see fig . 5 ) . 
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Prior to the on- s i te consolidat ion test with Acrysol WS - 2 4  
w e  experimented o n  a large fragment o f  mud brick found lying in 
the middle of Megaron 1 .  This fragment was taken back to the 
excavation compound and consol idation tests were begun us ing 
d i f ferent concentrations of WS - 2 4  and u s ing two d i f ferent methods 
of app lication . 

Acrysol WS- 2 4  was chosen as the consol idant because of its 
exc e l lent phys ical and chemical properties [ 3 ] . I t  i s  a very 
fine part icle- s i z e  acry lic polymer of high mo lecular weight 
dispersed in a water medium , and its extreme ly low viscos ity 
ensures deep penetrat ion . The hardne s s  and durabi l ity of the set 
re s i n  ( a fter water evaporation ) should provide more than adequate 
strength and protection against adverse c l imatic conditions . 
After setting , the resin i s  removable with solvents ( e . g . , 
flushing with acetone ) , but in practical terms this would be 
very di fficult . 

The first method chosen was by s imp le wetting : dr ipping and 
pour ing various concentrations of WS - 2 4  direc'tly onto the mud 
brick . Thi s  was done only to one end ( the sma l l  end ) and it was 
found that concentrations up to 2 0 %  resin were readi ly absorbed 
by the ��rous brick , except in the areas where the brick fabr ic 
had been s intered or fused by the des truction fire . A 4 %  solution 
o f  WS - 2 4  was chosen for the comp lete consolidation , and a fter 
thorough wetting ( at which point a bui ld-up of consol idant 
occurred on the sur face ) ,  the brick was l e ft in the shade to dry . 

I n  order to a s s e s s  the penetration o f  the consolidant , the 
brick was broken in hal f after forty-eight hours when it felt 
dry to the touch . I t  was easy to see where the consol idant had 
penetrated because it had s l ightly darkened the subs trate and , 
in fac t ,  had not compl etely dried in the cente r .  Comp lete 
penetration was achieved except on the one s ide where the brick 
was burned . 

The second app lication test was carried out by plac ing the 
remaining brick fragment in a c losed sys tem and allowing a 4 %  
solution o f  WS- 2 4  t o  percolate o r  "wick" up from the bottom . 
The brick was placed in a double-l ined plastic bag with enough 
solution at the bottom to cover one-quarter of the brick , and 
the plastic bag was then sealed . The perco lation rise of the 
consol idant was monitored over the next several days , and once 
the solution had approached hal fway. up the brick ( in thirty - s ix 
hours ) ,  more solution was added to replace that wh ich had been 
absorbed ( see fig . 6 ) . After another forty-eight hour s , the 
consol idant had reached about three-quarters o f  the way up the 
brick , but hardly moved a fter that . The brick was there fore 
removed the next day , and an unsucce s s fu l  attempt was made to 
break it ( again to a s s e s s  the penetration of the consol idant ) . 
The unconsolidated end was immersed in 4 %  WS- 2 4 , and when dry , 
the fragments were returned to the find spot on s ite to weather 
the winter . The brick was photographed and a c areful examination 
w i l l  be done in 1 9 9 0  to a s s e s s  dts condition and the e f fectivene s s  
o f  the consol idation . 

On s i te , one o f  the sma l l e s t  and most deteriorated sections/ 
piers in the SW corner of Megaron 1 was consol idated u s ing WS- 2 4 . 
I n  this case , a 4 %  s olution was both sprayed on with an atomizer 
and dr ipped from the top into one of the mos t  expos ed areas . The 
section , al though only four cour ses high and two wide , literally 
drank up the consol idant , and over 2 l iters of solution were 
app l ied . As the upper bricks became saturated , an exc e s s  of resin 
began to build up in one area , and it was dec ided that the end 
point had been reached . The exce s s  was l ightly brushed o f f  us ing 
deionized water . Photographs were taken throughout a l l  s tages. o f  
the treatment in order t o  record and compare any changes the next 
summer ( see fig . 7 ) . 

Addit ional samples o f  mud brick were taken from Megaron 4 .  
Ana lyses o f  the mud brick samples will be undertaken to determine 
the ir compos ition and cohe s ive s trength , and , together with the 
analyses of the anc ient mud plaster , w i l l  aid in se lecting a 
future treatment . 
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Conc lus ions 

The condition of the burned Gordion mud brick makes it an 
extremely interesting and problematic case s tudy in the preserva
tion of in s i tu earthen architecture . Two methods have recently 
been tes ted for the protection o f  the mud brick . The first 
treatment te s t  involved the comp lete covering of a mud brick 
sec tion with a mud plaste r  or stucco . The second method tested 
returned to the use of an acrylic consolidant , but in a fine ly 
di spersed aqueous med ium . Both treatments have advantages and 
limitations , when one considers the nature o f  the intervent ion 
as " exterio r "  or " interior " .  

The mud plaste r  s tucco approach i s  more in keeping with what 
the bui lding had as an original fac ing , but now that the bui lding 
is exposed to the elements , it w i l l  require regular maintenance .  
I n  addition , the e f fectiveness and protection has to be weighed 
against the somewhat di sturbing aesthetic appearance .  Even so , 
the covering preserves the general appearance ,  and the interven
tion is minimal as it doe s not introduce any new and unknown 
materials into the mud brick . 

The introduction o f  the acrylic consolidant WS - 2 4 , though 
apparently penetrating deeply , presents many unknowns ,  regarding 
its cohe s ive strength , loc a l i z ed concentration , and interior 
penetrat ion . As a temporary conservation measure , it al lows 
the current condition of the s tructure to remain v i s ible whi le 
protecting the mud brick from further decay . 

Until a suitable and e f fective consol idant can be found to 
completely protect the expo sed mud brick architecture at Gordion , 
the dec i s ion w i l l  have to be made as to what temporary measure is 
mo st acceptable . Further tests and research are needed to a s s e s s  
both t h e  physical requirements of the mud brick and methods for 
comp lete impregnat ion . The exposed architecture at Gordion o f fers 
an important opportunity and s ite for future s tudy and immediate 
attention . 

NOTES 

1 .  , Gordion Notebook 1 7 3 , Gordion Archives at the 
University Museum , Phi lade lphia , 1 1 1 .  

2 .  M .  H .  Rogers , " S ite Conservation at Phrygian Gordio n "  ( Honors 
E s s ay ,  University of North Carol ina at Chapel H i l l , 1 9 8 9 ) . 

3 .  S .  P .  Koob , " Consol idation with Acry lic Col loidal D i spersion s �  
Preprints , AIC Annual Meeting , 1 9 8 1 , 8 6 - 9 4 .  

MATERIALS 

Acryloid B - 7 2 ,  Acrysol WS - 2 4 :  Acrylic res ins , manu factured by 
Rohm & Haas , Phi ladelphia , PA ; suppl ied by Conservation Materials 
Ltd , Spark s , NV , U . S . A .  
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This paper presents the results of an 

experimental study of consolidation 

with potassium silicate of a neolothic 

earthen site at Dadiwan, Gansu 
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solution, its properties, and the 
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montmorillonite - containing clay are 

described. The physical and 
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silicate-clay composite were 

determined by testing and 

instrumental analysis. Calcium 

flourosilicate and aluminium silicate 
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importance is the molar ratio of Si02 

to K20. The optimum ratio is 3.8 -

4.0. Higher concentrations of K20 

give poor results through eventual 
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Weathering is the most serious cause of deterioration of earthen structures, and a solution to the 

problem is urgently required. By investigation and analyses of the ruins of a neolithic earthen site 

at Dadiwan, Qinan County, Gansu Province in northwestern China, it was concluded that 

montmorillonite contained in the clay is one of the main factors contributing to weathering. The 

purpose of the present research was to find ways to reinforce this type of earth by enhancing the 

degree of consolidation by chemical means and thus prevent weathering. 

Ruins of house of Yangshao Period in Dadiwan. Oinan. Gansu [1J 

At the beginning of the 1980s, two rare, large ruins of houses, designated F405 and F901,  built 

during the neolithic period of late Yangshao, were excavated at a site at Dadiwan. A unique 

aspect of the site is that the floors (in area about 300 and 131m2 respectively) are made of burnt 

Liaojiang stone (the depositional calcium carbonte in loess), which is quite similar to contemporary 

man-made concrete type ceramics. These floor materials are believed to be the earliest known 

cement and man-made concrete filler. 

Fig. 1 - The F901 ruins of the house of the Yangshao period in Dadiwan. 

Selection of Consolidants 
The clay in the structures at Dadiwan contain some montmorillonite. As is well known, 

montmorillonite can absorb much water into its layered structure and swell considerably. Upon 

drying the clay contracts. Such an alternation of expansion and contraction accelerates weathering 

damage. It was the intent of the research to reinforce the earthen structures by permeating them 

with inorganic cementing materials which are similar to and can react with the clay, thereby 

improving the cementation and make the earth more weatherproof and stable. This, in theory, is an 

ideal way to reinforce and prevent ellrthen ruins from weathering. 

Initially, tests on the material from Dadiwan were conducted with polyvinyl alcohol, 

polyvinyl-acetate emulsions, and sodium and potassium silicate solutions of different molar ratios 

of metal oxide to silicon dioxide. Less than ideal results were obtained. Subsequently it was 

found that using potassium silicate with a high molar ratio of Si02 : K20, together with appropriate 

solidifying agent, cross-linker and surface active agent to reinforce the structure by permeation is 

an ideal method for consolidating. 

At first, it is necessary to determine the optimum molar ratio of SiOz : K20 for the aqueous 

solution of potassium silicate. In the case of too Iow a ratio, after the potassium silicate and clay 
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have reacted with each other, too much K20 will remain which will form K2C03 under the action 

of the atmospheric C� and moisture: 

If the potassium carbonate that results is not treated in time, or is removed, the stability of 

the cemented mass will be impaired. When the ratio is too high, it has a weakened cementation, 

which causes the strength of the solidified layer to decrease and, at the same time, tends to form a 

coagulated layer preventing the mass from being permeated to any depth. In such cases, spraying 

is difficult to carry out and does not produce good results. How to determine the optimum 

modulus for the potassium silicate? Through cementing an amount of clay (C) containing some 

montmorillonite [2] with an aqueous solution of potassium silicate (PS) at the same concentration, 

but with different molar ratios of Si02 to K20, a PS-C composite mass is made. Then test 

properties such as CO2 - resistance, weatherability, water resistance and thermostability may be 

determined. By these tests the optimum ratio of the potassium silicate solution was determined to 

be 3.8 - 4.0. 

Solidifying agents and cross-linkers are also important factors affecting the stability and 

applicability of the PS-C material. Tests have been carried out on more than 10 types of 

solidifying agents such as aluminium trichlorid�, iron trichloride, sodium fluorosilicate, calcium 

fluorosilicate and potassium aluminium sulphate. Judged by the solidifying speed and the stability 

of the PS-C-cemented mass, calcium fluorosilicate as the solidifying agent was found to be best. 

Through testing, powdery aluminium silicate was selected as the cross-linker. 

Pre.paration of Potassium Silicate of Correct Molar Ratio 

An industrial potassium silicate (molar ratio about 2.6) was diluted with water to a specific gravity 

of 1 .3 and then caused to react in a 15  L stainless steel autoclave. It was heated by jacket-water 

bath to 100·C and stirred vigorously. At the same time, powdered silicon dioxide (80 mesh), 

mixed with warm water into a paste, was added gradually into the autoclave. The operating 

pressure rose to 21 kglcm3• About two hours later, samples for determining the ratio were taken 

from the autoclave. If the required ratio was obtained, the PS preparation was considered 

complete. The PS obtained with an optimum ratio is a somewhat yellowish, thick colloid. It 

would be substantially colorless if purer starting material was used. The measured surface tension, 

density, viscosity and pH are given in Table 1.  

Table 1 .  Surface tension, density, viscosity and PH values of potassium silicate (P.S.) solutions at 
given temperatures 

P. S. solution 

Original 

Diluted* 

Temperature 
(0C) 

8.0 +/- 0. 1 
25.0 +/- 0. 1 

15  

8.0 +/- 0. 1 
25.0 +/- 0. 1 

15 

Surface Tension 
(dyne / em) 

76.67 
75. 17 

74. 3 1  
72.81  

Density 
(glcm3) 

1 .2529 
1 .2488 

1 .0478 
1 .0449 

Viscosity 
(CP) 

1 18.89 
1 8.729 

1 .7789 
1 . 1425 

* - Potassium silicate solution diluted with water by 4X, + 1 % CaSiF6 

PH 

12 

10 - 1 1 

The PS diluted four times with water is colorless and transparent. The procedure for preparation 

of the working solution is as follows: 

Determine the dilution according to the requirements for application and measure the water 

required. Weight out respectively the Ca S i F  6 and A 1 2  (S i �h required and add them to the 

water. Stir the mixture and then pour it into the PS solution. Finally, add about l Oppm of NNO 

as diffusion agent and stir uniformly. It is then ready for' spraying. 

Preliminruy Analysis of Mechanism of Action Between the Clay (C) and Aqueous Solution of 

High Molar Ratio of Potassium Silicate (PS)' 
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X-ray Diffraction Analysis 

Fig.2 X-ray diffraction spectrum of clay containing montmorillonite. 

Fig.3 X-ray diffraction spectrum of PS-c. 

Fig.2 is the spectrum of the clay containing montmorillonite; Fig.3 is the spectrum of PS-C. The 

spectra show that the clay minerals' crystallinity was destroyed by treatment with the PS. The clay 

minerals have turned substantially into an amorphous gel. Even if montmorillonite still exists in 

the clay, the clay treated with the PS solution, which is mainly potassium silicate, will have a 

reduced space between layers, i.e., the C-axial length will be reduced, thus resulting in reduced 

expansion by absorbed water due to exchangeability of the montmorillonite with the potassium 

ions. 

Infrared Spectral Analysis 
FigA is the infrared spectrum of clay containing montmorillonite; Fig.5 is the infrared spectrum of 

PS-C. The infrared spectrum shows that the OH peak intensity near 3500 cm -1 of the mass has 

dropped considerably, and the OH shifted by 10 wave numbers. This is another reason why the 

PS-C cemented mass has higher water resistance. 

,. 

FigA Infrared spectrum of clay contamed montmorillonite. 

Differential Thermal Analyis (PTA) 

Fig.6 is the differential thermal curve of the clay containing montmorillonite; Fig.7 is the 
differential thermal curve of the PS-C. The differential thermal curves show that the clay has the 
first endothermic peak at 84'C, the second at 56I'C and the third at 754'C, while the three 
endothermic sygnals of the PS-C are of 1 13'C, 684'C and 837'C respectively. That is to say, 
after the clay was treated with PS, its water-loss temperature rises. It is possible that part of the 
clay-absorbed water is converted into structural water on the clay resulting in an increase of the 
strength and water resistance. 
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Fig.6 Differential theITIlal curve of 
contained montmorillonite. 

Fig.7 Differential theITIlal curve 
of PS-c. 
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Fig.S Infrared spectrum of PS-C. 

Scaonin& Electron Microscope (SEM) Examination 

Fig.8. SEM photograph of clay containing montmorillnite, 9000 x. 

Fig.8 is a SEM photograph of clay contained montmorillonite; Fig.9 is a SEM photograph of PS

C. The SEM photograph shows that an interwoven fibrous network of crystals, similar in 

structure to that found in hydrated gypsum, has fOITIled. This is an important factor in imparting to 

the PS-C composite good water resistance and mechanical strength. 

Fig 9 SEM photograph of PS-C, 9000 x. 
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Testin� Main Physical and Chemical Pro.perties of PS-C 

Water Resistance 
Test pieces of PS-C of different molar ratio were immersed in water until they disintegrated. 
Among test pieces which have been immersed for 16 months, the PS-C of high ratio (3.8-4.0) 

have not disintegrated, while those of lower ratio (below 3.5) disintegrated in a much shorter time. 

'COz -Resistance 
Resistance to C(h is one of the important indexes in examining the stability of the PS-C cemented 

mass. In the case of too Iow a ratio the potassium silicate will retain too much K20. This K20 
will gradually create K2 COl under the action of C02 in air and cause the PS-C cemented mass to 

effloresce in moist air. This can be established by the following test: Small pieces of PS-C of 

different molar ratio are placed in a vacuum desiccator with water at the bottom and filled with 

COz. It is found that PS-C test pieces made with potassium silicate of low ratio went white and 

viscous on their surface within a few days. Samples of high ratio showed no change after months. 

Weatherability 
Small test pieces were placed outside and exposed to sunlight for six months, then tests were 
carried out for water and C(h resistance. It was found that test pieces of high molar ratio were 

stable and did not disintegrate when subsequently placed in water. Also no deterioration took place 

under C(h saturated with water vapour. 

Basicity of the PS-C Cemented Mass 
Because the PS solution is a strong-base, it might be considered that clay treated with the PS 

solution (that is the PS-C cemented mass) will be unstable and effloresce in air. This is not so: the 

silicon and aluminium in the expansible clay can cement with water and calcium only in a highly 

basic environment and increase the mechanical strength and stability of the PS-C cemented mass to 

a great extent. High basicity has become a simple and effective way to improve the engineering 

performance of expansible clay and has been widely used in civil engineering at home and abroad. 

The original PS solution we used had a pH = 12 which dropped to about pH = 10 after 

being diluted. The PS-C cemented mass is quite stable which has been proven by the tests outlined 

above and in site applications. 

CONSOLIDATION WITIi PS OF THE F901 REMNANTS OF THE LATE Y ANGSHAO 
PERIOD HOUSE AT DADIW AN. 

In August 1984 and in October 1985, site consolidation was undertaken on the weathered remains 

of the Yangshao house by spraying with PS solution. A 13-meter wall, one cooking stove and 

two post holes have been consolidated. Up to now, five years later, no abnormal changes have 

taken place on the surface of the structures. In our view an ideal effect was achieved (Figs. 10, 
1 1 ) .  
In the site testing the weathered remnants of the house were sprayed once, twice and three times 

respectively for the purpose of comparison. From observations made over more than one year it is 

recommended to spray three times. Structures which have been sprayed three times still have good 

permeability, that is to say, it is possible to do fourth or fifth treatments if necessary. 

CONCLUSION 

Testing for consolidating the weathered archaeological earthen structures at Dadiwan, and on-site 

application, have shown that the PS solution reported here can achieve an ideal result in terms of 

strengthening the substrate while retaining good permeability. As seen by physical and chemical 

properties, testing, X-ray diffraction, infrared, scanning electron microscopy and differential 
thermal analyses, the PS-C is a kind of stable weatherproof inorganic composite which does not 

undergo marked changes in appearance. The tests have achieved the aim of changing the cemented 

state of clay containing montmorillonite through reinforcing by means of permeation with PS. 

There is, however, a problem to be solved through future research, that is, when applied to wet 

earth the PS shows poor permeability and a low rate of solidification. Furthermore, Si02 



300 Adobe 90 

coagulates on the surface under such conditions and this results in a reduction in the consolidation 

and strengthening effect. 

Fig. 10. The wall and skeleton pillar on adherent wall of F90J house-ruins after consolidation. 

(Photo, March 1990.) 

Fig. 1 I .  The Pillar hole of propping beam wooden pillar of F90J house-ruins after consolidation. 

(Photo, March 1990.) 
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ABSTRACT 

There is a considerable 
historical and artistic 
patrimony of earthen ar
chitecture in Bra z i l  dat
ing from the colonial 
period . A systematic 
study of the consolida
tion of this architecture 
is essential . This paper 
considers intervention 
methods for earthen 
structures as wel l  as an 
analysis of their con
tents . 

To i llustrate the type of 
proj ects that have been 
undertaken in Brazil , a 
case study o"f the conser
vation of the Basil ica of 
Our Lady of Pillar is 
discussed . This proj ect 
involved the restoration 
of a severely deteriorat
ed edifice , which re
quired special analysis 
and structural reinforce
ment of the masonry of a 
brayed mud wal l  which had 
incurred static damage . 
The goal of the project 
was to maintain the old 
material while giving the 
masonry a new sustaining 
capacity , taking into 
account the original con
structive system . 

KEYWORDS 

Conservation , restora
tion , brayed mud wal l , 
pau-a-pique , adobe , mole
do , reinforcement , con
solidation . 

Fig. 1 :  Wal l  with "mole
do" base and adobe mason
ry . Tiradentes , Minas 
Gerais . Photo : Lima . 
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GENERAL CONSIDERATIONS ON THE PRESERVATION OF EARTHEN 
ARCHITECTURE IN MINAS GERAIS ,  BRAZI L ;  A PROPOSAL FOR REINFORCE
MENT OF A BRAYED MUD WALL STRUCTURE 

Sergio Jose Fagundes de Sousa Lima , architect 
SPHAN - Technical Office of Sao Joao del Rei 
Rua Marecha1 Deodoro , 12 - Centro 
3 6 . 3 0 0  - Sao Joao del Rei 
Minas Gerai s ,  Brazil 

S ilvia Puccioni , engineer 
SPHAN - Technical Consul tory 
Av . Rio Branco, 4 6 ,  5 ·  andar - Centro 
2 0 . 09 0  - Rio de Janeiro 
Rio de Janeiro , Bra z i l  

Brief Historical Overview of the Use of Earth in Architecture 

The use of earth as a construction material dates to prehistoric 
times , to ancient Mesopotamia and Egypt . In Pre-Columbian 
America , its usage was widespread among the Aztecs and other 
North American peoples . 

In South American countries such as Brazil , the Spanish and 
Portuguese introduced European techniques of earthen architecture 
during the early stages of colonization . As a result , the early 
urban architecture of these countries is characterized by fea
tures such as wide window s i l l s ,  the predominance of wal l s  over 
empty spaces , and specific wal l  thicknesses . Every type of 
architecture in the "mineira" ( 1 )  history of the eighteenth and 
nineteenth centuries--civil , Official , or religious--was in
fluenced . Earth became the most viable building material for 
structures and dividing walls of edifices because of the abun
dance of the material in the region and its environs and the 
mastery of the technique by artisans . 

The construction systems that use this technique offer a variety 
of applications as seen in the edifices of our historical cen
ters . Examples of earthen techniqeus are adobe and formigao 
( normally used for structural purposes , at least on the outside 
wall s )  and the pau-a-pigue , taipa-de-sebe or taipa-de-mao for 
dividing walls and internal seal ing . 

Less frequently we find another material called moledo , equally 
characteristic of that region , made of decomposed clay , pebbles , 
and rocks . Because of its resistance "( load-bearing capacity) , it 
is also used in the structural masonry and dividing wall s ,  in 
some cases exposed to open air . ( See fig .  1 . )  

As an alternative to the use of earth , we find stone used as a 
material especially in edifices of monumental proportions . The 
use of stone inevitably increased the construction cost because 
of the difficulty of handling and transportation . 
In a few cases rock is used for the entire structural system of 
the bui lding , though in the maj ority of cases it forms only part 
of the structure , the foundations and corners , for example .  
Another advantage o f  stone i s  its decorative use . 

General Considerations about the Preservation of Earthen Ar
chitecture 

A .  Systems conservation 

Over the last six years , the National Artistic and Historical 
Patrimony Secretary (SPHAN) has exercised greater influence over 
the historical centers of the region Campos das Vertentes with 
the objective of repairing the damage occuring as a result of the 
social and economic decline in Minas Gerais . Some old edifices 
were in critical condition . Others required intervention at 
specific damaged points , which were easily repaired . In other 
cases the stability of the building was compromised , requiring 
more extensive intervention . In the case of structures whose 
inhabitants kept up comprehensive maintenance--from the roof to 
water and electrical installation and sewage system--the physical 
condition remained sound , reducing conservation costs . 

B .  Urgent work staff 

In order for SPHAN to be effective in the historical centers , the 
Federal Government established an "urgent work staff" to restore 

1 .  The style representative of Minas Gerais ( a  state in Bra
z i l )  . 



Description of the Con
structive Systems 

Brayed mud wall :  This 
system is  one in which 
the wal l s  are of mass ive 
monolithic mud , which is 
formed in wood moulds 
held in position by tra
verses and wood sticks . 

Adobe : This material con
s ists of mud bricks with 
dimens ions of 2 0  x 2 0  x 
4 0  cm . It contains vege
table fibers or manure . 
It is put to dry in shad
ow and , after a few days , 
in the sun . It differs 
from conventional bricks 
in that adobe is not 
baked in an oven . 

Formigao : This variation 
of the mud wal l  is made 
by not s i fting the mud 
but rather mixing it with 
stony earth to make a 
conglomerate-l ike con
crete . 

pau-a-pique : This is a 
kind of sealing which 
consists of pieces of 
wood set perpendicular 
between the "baldrames"  
( the l ower support) and 
the " frechais" ( the upper 
support ) , attached by 
holes or nai l s .  Normal
ly,  other thinner pieces , 
sticks , are attached on 
both sides . After the 
texture is made the mud 
is  thrown and pressed on 
by hand . 

Moledo : This is a con
glomerate made of clays , 
" saibro" ( f ine gravel )  
and decomposed rock, re
moved in blocks from the 
mines , in the shape of 
cobble stones of varying 
dimensions . Because this 
material is  very resis
tant , it is  applied " in 
natura . "  

1 -GALVANIZED WIRE 
2-WAY Of TIYNG 

SECTION 

Fig . 2 :  Pau-a-pique wall .  
Illustration by Lima . 
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and maintain the architectural patrimony as wel l  as furnishings . 
This staff is not sufficient to undertake all  of the needed 
interventions and can only address the "most urgent" cases . 
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Through this staff the Brazil ian Government is able to offer to 
the people of the historical centers , who are general ly in need 
of financial resources ,  assistance in preserving their bui ldings . 
We o ffer , free of charge , the manual labor of special ized staff ; 
private patrimony owners contribute the necessary materials when 
resources are ava ilabl e ;  SPHAN supplies the technical orienta
tion . 

C .  criteria and intervention methods 

The first step in the restoration and conservation of a given 
damaged edifice is to examine the existing damage and to prepare 
a condition report . After verification of the financial condi
tion of the resident , the subsidy is determined which the SPHAN 
will provide for the execution of the work . 

I f  a decision is made to undertake the intervention , it is  
necessary to study the possible treatment approaches according to 
at least three criteria : 

- The persistence in the use of the techniques , traditional or 
contemporary , which have been tested and which satisfy the 
purposes of the conservation proj ect . 

- The use of native material which is appropriate to the material 
being treated and which reduces costs . 

- The historic authenticity of the obj ect as wel l  as its contem
poraneity . Interventions should be indicated in distinct and 
transparent ways . 

We can now delineate a chart of practical examples of solutions 
adopted for the treatment of certain material s . 

D .  Conservation o f  the wal l  

1 .  Pau-a-pique 

We find the pau-a-pigue system in several edifices , which show 
external deterioration due to contact with moisture caused by 
poor roofing or by soil saturation . In these cases , the solution 
is to el iminate the humidity or the s4rcharge and to investigate 
the rupture , disintegration , deformations , etc . that have oc
curred . From this point on we promote the repair of the masonry 
or,  as an alternative , in situations of extreme disaggregation 
where repair is not possible , the option is reconstruction , using 
comtemporary techniques such as conventional fired brick, either 
solid or " emptied" ones or " s ical" block ( cellular concrete ) ,  
etc . 

1 . 1 .  Repair o f  the elements 

-Paus-a-piques : those that present a useful section are main
tained and conserved and rectified when necessary . 

-sticks : when completely deteriorated , new sticks are sub
stituted . 

-Mud wal l : i f  losses are registered after the disaggregation of 
the plaster , the mud is  often repaired using a mixture of mud
cement ( - 1 : 2 0 ) , compatible with the old system in level of 
coefficient of dilatation . Eventual ly a layer of rough cast and 
two layers o f  final cast are appl ied . 

In the most serious cases , when a considerable loss of mud is  
aggravated by the instabil ity o f  the wood texture , a texture of 
galvani zed wire is  used on both sides to consol idate the whole 
system . ( See fig.  2 . )  

2 .  Brayed mud wal l  

Monolithic (big block) masonry structure of large dimensions 
presents problems when it is directly exposed to open air.  After 
the rough cast is dislocated , humidity ( especially rain) disag
gregates the structure . Also , structural problems arise due to 
fissures in the lower areas of the foundation , deterioration o f  
the beams , etc . Usually,  in the case of one- or two-story struc
tures , the e ffects of the problem cease with the treatment of the 
problem--that i s ,  if the roof is repaired or the foundation is 
reinforced , only the work of recomposing the damaged spaces 



Fig . 3 :  Fayade of the 
Basilica Cathedral of Our 
Lady of Pillar . Photo by 
Lima . 
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rema ins . At most , it is possible to introduce an " atirantamento" 
( steel and wood wires to hold the wal l s  together) on the masonry . 
In cases of excessive horizontal stress ,  this intervention 
consolidates the masonry with rigid structure . 

3 .  Adobe and moledo ( 2 )  

Because o f  the peculiarities o f  these material s ,  they "behave" 
very wel l  statical ly ( rigidly) , except in situations such as 
those that occurred with the brayed mud wal l .  Presently , there is 
no other method of intervention in these systems of construction . 

The dimensions of these materials are considerable : adobe almost 
invariably measures 20 x 20 x 40 cm ; moledo is quite variable , 
but its s ize is at least equal to the adobe brick . Usually they 
are used double in masonry , resulting in a minimum width of 4 0  
cm , with the right enclosures . 

4 .  General technical solutions 

In any particular edifice there are different systems of earthen 
construction--structural masonry , both external and internal , and 
internal dividing wall s .  I n  certain situations there i s  a lack 
of cohesion in the j unction of two systems which causes fissures 
on the corners . A galvanized iron texture can help to connect 
the masonry . 

Every time we undertake an intervention on the roof of an edifice 
with structural systems of earthen construction , it is advisable 
to take advantage of the moment to execute a crowning belt , to 
connect the system by stabiliz ing the skeleton of the building . 
The effects of weather must be avoided , since the areas closest 
to the eaves suffer the greatest from accumulated rain water . 

In order to alleviate the effects of ascending and lateral 
pressure of water on the masonry , it is advisable in certain 
cases to construct a ventilation ditch , a system whose purpose is 
to el iminate the direct contact between the masonry and the soil , 
by forming an intermediate "mattress of a ir . " 

A orooosal for reinforcing a structure of a brayed mud wall .  
Specific case study: Basil ica Cathedral of Our Lady of Pillar 

A .  The brayed mud wal l  

The brayed mud wall was largely used as a system of construction 
in the " Paul ista Plateau" and in the state of Goias . In the 
northeast , the use of this technique was not often util i zed , but 
there is record of the use of this system of construction in 1660 
in the city of Salvador , Bahia . 
In Minas Gerai s ,  the use of the mud wal l  was less frequently 
used . Other materials (wood , stone , etc . ) were plentiful , and 
furthermore the region is quite uneven , a fact which favors the 
use of other techniques . 

Reports of travelers from the nineteenth century ( e . g . , Richard 
Burton , 18 6 8 )  have been found which prove the existence of civil 
and religious buildings constructed in "taipa" in several regions 
of the State ; such is the case of the Basil ica of Our Lady of 
Pillar in Sao Joao del Rei .  

B .  Bas i lica Cathedral o f  Our Lady of Pillar 

This is an edifice made of brayed mud wall ,  dating from the early 
eighteenth century . The high altar contains the main chapel arid 
altar piece , which was completed three decades later . 

The construction includes an area of 1 . 056 m2 with an average of 
5 . 50 m height . The church square covers an area of 129 m2 , 
reached by a fl ight of stairs made of "cantaria" ( carved stone ) . 
The construction consists of two parts , a posterior one which 
includes the high chapel and sacristry and another , anterior , 
which includes the main nave and the lateral corridors extending 
into the main fayade , which was rebuilt during the middle of the 
nineteenth century in stone masonry . ( See fig . 3 . )  

The main fayade has a central door in the lower part , flanked by 
four smaller doors symmetrically set in' relation to the central 
axis under five windows of the balcony finished by a triangular 
" frontao" topped by a stone cross . The fayade is flanked by two 
towers provided with pyramid domes . All the details of the 
fayade are made of carved stone . Inside , the temple is one of 

2 .  Material made of decomposed clay , pebbles , and rock. 



Fig . 4 :  Aerial view of 
part o f  the historical 
center of Sao Joao del 
Rei . In the center is 
the Basil ica Cathedral . 
Photo by Lima . 
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Fig . 5 :  Ground floor plan 
of Our Lady of Pillar . 
I llustration by Lima . 
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the most expressive of the "mineiro" baroque for its profusion of 
gold carving , mainly in the high chapel where proportion and 
harmony and grace predominate . The nave has seven lateral altars 
in the same style as the high chapel .  

C .  Reinforcement proposal 

The building is settled in the southeast part of the town of Sao 
Joao del Rei ,  in the foothills of Rosario . ( See fig.  4 . )  

In the time s ince the building ' s  construction , the streets of the 
town have been paved , including those streets that begin behind 
the church and rise directly up the hill . This paving keeps the 
surface water from filtering down into the soil , as it did in 
former times . The resulting accumulation of water on the poster
ior part of the church causes erosion of the soil that holds the 
foundations at the right side of the building . 

In addition , there is also the poor condition of the drainage 
system meant to collect rain water and conduct it to the sewage 
system . 

These facts caused the " l is ionamento" and the deformation of the 
right wall .  

The deformation of the wal l  also caused the rupture of the eaves 
and dislocation of the tiles , allowing the infiltration of rain 
water on the mud wal l s  over the course of many years . This 
caused the disaggregation of the earthen masonry , reducing its 
endurance,  increasing the intrinsic tension of the material on 
the critical points of the structure , for instance in the "vaza
dos" ( empty spaces ) of the doors , windows , niches , etc . 

The altars at the right wal l  of the central nave , l ocated at the 
openings that pass through the masonry , were in a severly damaged 
state . One could clearly see the lateral " flarnbagem" ( as a 
result of pressure) of the carved wood columns that form the 
lateral altars . 

As a first step , we removed the artistic elements , and we provid
ed for the support of the "vao" ( empty space ) . 

The conservation of the roof had already been completed in 198 6 .  
An investigation into the stability o f  the building was elaborat
ed, beginning with the investigation and geological study of the 
soil , in order to evaluate the support conditions , inspection and 
charting of the damage , with the setting of "testemunhos" ( an 
instrument used to register the deformation) on the wall s . These 
observations help to show the extent of the movement of the 
structure . 

At the same time , we planned and implemented drainage on the 
posterior part of the building in order to conduct the surface 
water to the sewage system . Repair of the system for draining 
rain water from the roof was also proposed and implemented . ( See 
fig . 5 . )  

After this work was completed , we began to observe the damage by 
periodic inspection , to verify the condition of the deformations . 

These steps were necessary to reduce the financial costs of the 
intervention , by first el iminating the causes of damage and then 
intervening to repair the consequences . 

At present , we are elaborating the structural reinforcement of 
the mud wal l  and intend to prevent the reinforcement of the 
damaged masonry and in this way avoid its SUbstitution . 

We know all  the patterns of reinforcement are based on the 
behaviour of the supporting structure . In the case of the mud 
wal l s , the supporting structures have the following characteris
tics : They are considered cyclopean structures , for the height
section relation of their pieces is low and so is its capacity to 
absorb horizontal stresses .  The spring coefficient and the 
ducti lity both have low values . Another element to be considered 
is the low capacity of deformation in plastic regime , which means 
a material has only a l imited capacity to dissipate energy 
without art iculating . As mud is a very fragile material ,  after 
being damaged it is difficult to analyze the static behaviour : 
each new element presents differentiated dimensions and condi
t ions of support , producing secondary e fforts on the critical 
points . 
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Fig . 6 :  Brayed mud wal l  
reinforcement proposal . 
Illustration by Lima . 
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Thus , we consider that any proposal for reinforcement should take 
into consideration the original state of tensions , considering 
the elements working together. Also the fineness of the pieces 
should be considered . This is  a basic fact for the qual i fication 
of the "portante" ( load-bearing) capacity . 

Some points of the proposed reinforcement are to be considered : 
The continuity of forms and volumes , the symmetrical distribution 
of the elements , improving resistance to tensions , the density 
and uniformity of the material s ,  the rigidness and ductil ity of 
the sections , the capacity of resistance compatible with the 
efforts and the l imited capacity of deformation . 

We then proposed reinforcing and consoliding the wal l  by filling 
the empty spaces and areas of loss with a mixture of soil-beton
ite-lime and reinforcing the empty spaces in order to support the 
surchages without modifying the original structural system of the 
wall s .  

The reinforcement involves installation o f  a parabol ic arch of 
discharge over the empty space , in both s ides of the wal l  and 
additional arches disposed upon the former in order to redistri
bute the strength l ines near its original proceeding . 

These arches will be made of baked mud bricks with mortar with a 
mixture o f  soil-cement . 

The necessity o f  reinforcing the straps of the open space and 
improving the conditions of support of the " impostas" of the arch 
will be evaluated on site . 

A moulding o f  the empty space will be executed in wood with a 
rectangular closed porch . 

For the vertical sections that were crushed , a belt will be used 
with wood pieces on both sides , properly l inked by transverse 
pieces . ( See fig . 6 . )  

Conclusion 

As one can observe from the text above , the task of preserving 
the earthen architecture in Braz i l  is sti l l  at a very rudimentary 
stage , without systematic studies showing the technical and 
financial difficulties found in this area where the Government is 
not totally aware of the need for a larger investment in research 
and labor . In recent times technical-scientific studies have 
begun to appear that support restoration work � this is developing 
s l owly . Despite these problems , the work developed up to now has 
been rewarding . Quite satisfactory results can be obtained by 
using simpl e  techniques , making it possible to save the maj ority 
of Bra z i l ian patrimony from ruin . 
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ABSTRACT 

Quincha ( or reed b inding) 
is a type o f  construction 
used in Peru in colonial 
times and up to the f i rst 
decades of thi s  century . 
It i s  made of clay , 
reed s , and timber , 
materials with which high 
qual ity housing can b e  
achieved and which have 
demonstrated good 
res istance to 
earthquake s . The present 
research , which comprises 
experimental and 
analytical studies , was 
d i rected at expanding 
basic knowledge on its 
structural behavior . The 
conclus ions of this study 
have a l l owed for the 
proposal of s impl e  rul e s  
o f  des ign . These rul e s  
can be used f o r  the 
conservation o f  
h i storical monuments .  

KEYWORDS 

Quincha ( reed b inding) , 
structure materia ls ,  
experiments ,  design , 
s e i smic behav ior . 
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COMPORTAMI ENTO ESTRUCTURAL DE LA QUINCHA 
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Pont i f icia Universidad Cat61 ica del Peru 
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Introducc i6n 

3II 

La quincha es un s i s tema cons truct ivo empleado durante la colonia y 
hasta las primeras decadas de este siglo en el Peru . Los materiales 
us ados en la quincha son t ierra , madera y cana , con los cuales se 
logran estructuras l ivianas . En zonas urbanas , la quincha se us6 
mayoritariamente como segundo piso , sobre un primer pi so de adobe . 
Este t ipo de edificaci6n brinda innumerables ven t a j a s  como habitat 
en la costa del Peru , p�r e l  agradable ambiente que proporc iona , p�r 
la seguridad que o frece durante t erremotos , y por su ba j o  costo . 
Luego del s i smo de 1 7 4 6 , la construcc i6n de quincha se adopt6 
mas ivamente por el buen comportamiento observado . La Univers idad 
Cat6lica de l Peru y la Technical University of Nova Scot i a , Canada , 
con apoyo del Int ernat ional Development Research Centre of Canada , 
inic iaron en 1 9 8 8  una invest igac i6n interdiscipl inaria con e l  
objet ivo d e  promover e l  u s o  d e  edificac iones d e  quincha en zonas 
margina les de Lima . La invest igac i6n abarc6 desde e studios 
experimenta le s  hasta e l  di seno y construcc i6n de di ferentes obras . 
Este traba j o  presenta mayormente los aspectos basicos de ingenier1a 
estructural que sean de interes para un publico amp lio interesado en 
la construcc i6n y conservac i6n de edi ficac iones de quincha . 

Carac ter1sticas de la Quincha 

Se describe a cont inuac i6n el t ipo de quincha usado en el proyec to 
de invest igac i6n de la Univers idad Cat6lica , hac iendo alus i6n a 
ot ros t ipos de quincha t radiciona l .  

La c iment ac i6n , usada en diferent es obras construidas como 
parte del proyec t o ,  consiste en una losa de concreto armada con cana 
( F i g .  1 ) .  En las construcc iones t radic ionales de quincha se 
encuentran c imentaciones de mamposter1a de ladri l lo 0 de piedra 
asent ada con c a l . 

Las paredes son formadas por paneles prefabricados de madera de 
dimens iones 0 . 8 0 m de ancho y a l tura s de 2 a 2 . 4 0 m ,  los que se 
c l avan entre s 1 . Los pane les consist en en un marco de madera con 
travesafios como muestra la Figura 1 .  Una vez unidos los paneles se 
co loca la estera , t e j ido de canas chancadas , que luego se tarra jea 
con barro . Los paneles t ienen secc iones de madera de 2 . 5  x 7 . 5  cm . 
El espesor t erminado de los muros es 1 5  cm . Se usan pane les de dos 
t ipos : pane les convencionales y paneles s 1 smicos ( F i gura 2 ) .  

E l  t ipo de cana que se usa para las esteras y techo e s  e l  
carrizo ( Arundo Donax ) ,  el cua l crece en los bordes d e  l o s  r1os . Es 
muy comun e l  uso de bambu part ido y chancado ( Guadua Augus t ifolia ) 
y carrizo entero arqueado sobre travesafios de madera . 

El techo es de vigas de madera , y cobertura de cana con mortero 
de cemento . Se us an vigas de madera de tornillo espaciadas a 0 . 8m .  
Las canas proporcionan un ais lamiento adecuado , a pesar de su 
reduc ido espesor . El mortero de cementa se apl ica en espesores del 
orden de 2 cm , con 10 cua l se logra una cobertura l iviana , durable 
y resi stente a la l luvia . La quincha tradic ional hace uso de la 
" torta de barro " , una capa de barro de 5 a 1 0  cm de espesor . La 
Figura 3 muestra una perspect iva de la estruc tura . 

Materiales 

Como se ha mencionado , los materiales princ ipa les de la quincha son 
la t ierra , madera y cafia . Para la presente investigac i6n se us6 la 
madera denominada " Torn i l l o "  ( Cedre l inga Catenaeformi s ) ,  proveniente 
del Oriente del Peru . 

Se e s tudiaron di ferentes especies de cana y bambu ( 1 ) ,  
obteniendose los va lores de la re sis tenc ia a la t racc i6n . Por 
e j emp lo para la cana brava ( Ginerium Sagit tatum ) se observ6 una 
resi st enc ia de l orden de 2 8 0 0  Kg/cm2 , seme j ante a la de al gunos 
aceros . 
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La " pa j a "  puede s er cua lquier f ibra vegetal res i s tente y 
duradera , p�r e j emp lo el ichu ( St ipa Ichu que ) crece en la s ierra del 
Peru . Tamb ien es posible usar cesped , pa j a  de arroz , etc . Es 
conven iente que la pa j a  tenga f ibras de aproximadamente 10 cm de 
largo . 

La t ierra es usada para el t arra j eo de las paredes en 
comb inac i6n con arena grue sa y pa j a . El tarra j eo se aplica en dos 
capa s , cuyo espesor debe ser en 10 posible 1 . 5  y 3 / 4  de cm . La capa 
de lgada , la cua l puede hacerse con arena gruesa 0 arena f ina , 
permite cubrir las f i suras e irregularidades de la primera y darle 
un acabado f ina l . Normalmente , la mezc l a  6pt ima ( arena : t ierra ) 
esta entre 1 : 1  y 1 : 2  p�r volumen para suelos de mediana p l a s t ic idad 
que son los mas corrientes . Se afiade una cant idad de pa j a  
equiva lente a l  1 %  del peso total seco . Cuando s e  observa exce s iva 
f i surac i6n , es necesario rea l i zar pruebas para lograr una mez c l a  
adecuada . El porcenta j e  que se afiada dependera de cuan arc i l losa 
sea la t ierra . La forma mas practica de determinar e l  porcenta j e  de 
arena gruesa adecuado es fabricar una serie de mezclas con 
proporciones en volumen , arena : t ierra , de 1 : 3 ,  1 : 2 . 5 ,  1 : 2 ,  1 : 1 . 5 , 
1 : 1 ,  con 1% del peso seco en pa j a ,  tarra j eandose paneles de prueba . 
Debe observarse la traba j a b i l idad de la mezcla y la f i suraci6n a l  
secar , escogiendose la mez c l a  con adecuada t raba j a b i l idad y que 
permita controlar la f i suraci6n ( entendida como solo la apar ic i6n de 
f i suras f inas ) ,  con la menor cant idad de arena gruesa posible . E l  
exceso d e  arena gruesa hace que la mezcla s e a  muy deb i l  y faci lmente 
erosionabl e .  Las Referenc ias 2 - 6 , cont i enen diferentes es tudios 
sobre las estructuras de t ierra . La Referencia 4 trata e l  tema de 
la durabi l idad de tarra j eo s  de barro . 

Para el techo se us6 ( 1 )  un recubrimiento de mortero 
cemento : arena gruesa en proporc i ones p�r volumen 1 : 6  y de 2 . 0  cm de 
espesor . 

Ensayos de Laboratorio 

Se rea l i z aron di ferente s  ensayos para estudiar e l  comportamiento de 
las estructuras de quincha ( 1 ) .  A cont inuaci6n se presenta un 
resumen en e l  que no se inc luyen det a l les y resultados tecnico s . 

La c omposic i6n de los tarra j eo s  de los e spec imenes fue 
mantenida en proporciones aproximadas arena : t ierra de 1 :  2 .  En 
a l gunos casos debido a la variab i l i�ad de la plastic idad de la 
t ierra , no fue posible mantener la mi sma proporc i6n . La pa j a  usada 
fue el ichu , en una cant idad igual al 1% de l peso seco del materia l . 
La cant idad de agua fue def inida de acuerdo a una t raba j a b i l idad 
estandar medida con la agu j a  de Vicat ( 3 ) .  Las paredes de quincha 
fueron s imi lares a las descri tas anteriormente , excepto que el 
espesor fue de 5 cm en lugar de 7 . 5  cm . 

Se rea l i z aron di ferentes ensayos de paneles para estudiar las 
propiedades mecanicas basicas , ta les como su capac idad para res i s t ir 
cargas vertica les , las que son produc idas p�r e j emplo p�r e l  peso 
del techo . Las resi s tenc ias obtenidas fueron bastante superiores a 
las que se dan en construcc iones de 1 y 2 pisos , p�r 1 0  cua l esta 
solic itac i6n no se considera critica . Di ferentes acciones , p�r 
e j emp lo el vient o ,  sol ic itan a los muros en d irecc i6n perpendicular 
a su p lano . Con la f inal idad de estudiar la respuesta de las 
paredes de quincha ante este t ipo de cargas se rea l i z aron 
exper imentos observandose que el espec imen era capaz de sufrir 
deformac iones bast ante a l  tas , s in darse dafios importantes y s in 
perder res i s tenc ia . Adiciona lmente , se rea l i z aron tamb ien ensayos 
dinamicos con la mi sma f inal idad ; ver i f icandose nuevamente un buen 
comportamiento frente a cargas perpendiculares al p lano de las 
paredes . 

Ensayos de Paredes bajo Carga s Latera les 

Este ensayo s imula la acc i6n de los s i smos sobre las paredes 
mediante la ap l icac i6n lenta de cargas laterales . Se ensayaron 3 
paredes de la forma mos t rada en la Figura 4 ,  a las cua les se les 
apl i c6 ademas de la carga lateral , una carga vertical de 2 0 0 0  N p�r 
metro de ancho para s imular e l  peso del techo . E l  objet ivo del 
ensayo fue estudiar e l  comportamiento ante cargas laterales , y en 
par t i cular determinar la influenc ia de la relaci6n ancho /altura de 
las parede s . Los mecanismos de falla observados se indican en la 
Tabla 1 .  En todos los mecanismos de falla se pudo aprec iar c omo 
parte del fen6meno la separaci6n del tarra j eo y la es tera . Como se 
aprec ia , la resi stenc ia p�r metro de ancho varia en menos de un 2 0 %  
para l o s  tres espec imenes , p�r 1 0  cual puede cons iderarse para f ines 
pract icos que permanece constante . 
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Tabla 1 Resis tencia de Paredes ante Cargas Laterales 

Espec imen Res is tenc ia Mecani smo de Fa l la 
p�r m de 

ancho 
( N/m ) 

P l  4 , 6 0 0  Volteo d e  la pared y separac i6n 
estera- tarra j eo 

P2 4 , 1 0 0  Fi sura diagonal y separaci6n estera-
tarra j eo 

P3 3 , 90 0  F i sura horizontal y separac i6n 
e stera- tarra j eo 

Ensayo de un M6dulo de Quincha 

Se ensay6 un m6dulo de quincha ( F ig . 5 )  de 4 x 4 en p lanta y a l turas 
de 2 . 40 y 2 . 80 .  Todos los pane les fueron de 2 . 4 0 m del a l tura , p�r 
10 que fue necesario un elemento reticular de madera para lograr la 
pendiente del techo . El techo del m6dulo tuvo un peso de 
aproximadamente 80 Kg/m2 . El espesor de t odas las paredes fue de 
aproximadamente 0 . 1 0 m .  Los objet ivos del ensayo eran ( 1 )  
desarro l lar modelos que permitan estimar la respuesta , ( 2 )  
invest igar s i  e l  techo t raba j a  c omo un diafragma r igido y ( 3 )  
estudiar e l  comportamiento global y de det a l le s  de la c onstrucc i6n . 
El e spec imen fue somet ido a tres corridas con di ferente s  
aceleraciones maximas d e l  s i smo . El s i smo usado fue e l  regist rado 
en Lima en 1 9 7 0 . 

La f a l l a  ocurri6 cuando el desplazamiento maximo ( n ivel del 
t echo ) a lcanz6 un va lor equiva lente a l  0 . 5 % de la a ltura del m6dulo . 
La f a l l a  se debi6 a l  desprendimiento del barre de la estera , 1 0  cual 
consti tuye un punto cri t ico del s i s tema . La f a l la fue fragi l , 
reduc iendose instantaneamente la resi s tenc ia a un 5 0 %  de la in ic ia l . 
No hub ieron dafios de importancia en las paredes t ransversales a l  
movimiento , e n  parte porque e l  techo constituy6 una restricc i6n 
efect iva al desplazamiento de las paredes t ransversales . El 
amortiguamiento medido del material fue de 8 % ,  valor alto en 
comparaci6n con otros materiales , 10 cua l e s  una ventaja debido la 
disipac i6n de energia que esto permite durante un s i smo . 

Figura 5 Ensayo del M6dulo 

Dens idad de Paredes 

E s  deseable que los resultados experimentales se t raduzcan en reglas 
s imples de ana l i s i s . Dado que la resis tenc ia de la estructura es 
proporc ional al area de la secc i6n t ransversal de las paredes 
( espesor x ancho ) ,  e s  posible expresar los requerimientos de 
res i s tenc ia en estos t ermino s . E l  anal i s i s  s i smico se rea l i z a  
corrientemente e n  direcc iones horizonta les . La Figura 6 mues tra 
como e j empl o  la p lanta del m6dulo ensayado y defin iendose dos 
direccione s , longitudina l y t ransversal . 

Con e l  t ermino densidad de paredes nos referiremos a l  area de 
paredes dividida p�r e l  area techada . Podemos ca lcular , entonces 
una densidad de paredes en la direcc i6n longitudinal y otra en la 
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direcc i 6n transversal . 

Por e j emplo , para el m6dulo ensayado ( F ig . 6 ) ,  considerando la 
direcc i6n longitud ina l ,  tenemos dos paredes de 4 m cada una . El 
area de paredes e s  2 x 4m x 0 . 1 0m = 0 . 8 0 m2 en esta direcc i 6n . 
S i endo el area t echada 1 6  m , 2  la densidad de paredes es 0 . 8 0 m2 / 1 6  
m 2  = 0 . 0 5 6 e l  5 % . Con esta densidad de paredes , el m6dulo 
res i s t i 6  s i smos muy severos cuya probabil idad de ocurrenc ia es muy 
remota . 

En base a los resultados experimentales y ana l i s i s  pos teriores 
( 1 )  se pudo conc luir que una dens idad del orden de solo un 2 . 5 % ,  en 
cada direcc i6n transversal y longitudina l ,  seria sufic iente para 
res i s t ir s i smos con una ace leraci6n pico del 2 0 %  de la gravedad , 
acelerac i6n de disefio usada en el Peru . Se determin6 ( 1 )  que de 
este valor , una cuarta parte deberia cons istir en paneles s ismicos , 
de manera de garant i z ar la seguri dad en caso de un s i smo muy severo . 
Estos valores son aplicables siempre y cuando los pesos unitarios de 
los componentes sean seme j antes a los usados en este es tudio , es 
dec ir , t echos de 80 Kg/m2 y parede s de 1 0 0  Kg/m2 • 

Resumen y Conclus iones 

E l  e studio resumido en este documento fue orientado a inves t igar 
experiment a l  y ana l i t icamente la respuesta s i smica de la 
cons trucc i6n de quincha . Los ensayos inc luyeron la s imulac i6n dE 
diferentes fen6menos tales como la acc i6n de las cargas de gravedad 
y los s i smos . La es tructura de la quincha permi te el traba j o  
comp lementario d e  t ierra y madera . E l  tarra j eo de tierra res i s t e  
las fuerza s  laterales producidas por fen6menos tales como l o s  
terremotos , mientras la madera res iste e l  peso d e  la edificac i6n . 
Desafortunadamente , la cafia teniendo una gran res i s tencia no cumple 
una func i6n es tructura l .  Los resultados experimenta les demostraron 
que para edif icac iones de 1 y 2 pisos , las cargas de gravedad no son 
norma lmente cri t icas . Los ensayos dinamicos del m6dulo y los 
ensayos de parede s c on cargas laterales permit ieron aprec iar que el 
punto critico del s i stema e s  la adherenc ia barro -estera , 
produc iendose una falla fragil en la cual se reduce bruscamente la 
res i s tenc ia . Por este mot ivo se ha propuesto el uso de pane les 
s i smicos como una medida adic ional de segur idad . La forma de 
verif icar la segur idad s i smica de la construcci6n propuesta es en 
terminos de la densidad de paredes , establec ida como un 2 . 5 % del 
area techada en cada d irecc i6n de ana l i s i s . 
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ABSTRACT 

This paper synthesizes 
research on seismic inter
ventions carried out on 
rel igious monuments in the 
historic center of Quito 
over the last two years . 
This study addresses struc
tural diagnosis , analys is 
and evaluat ion of estab
l ished methods for re in
forcement and consol idation 
of structures .  It briefly 
describes two case stud
ies . 

The structural inter
vent ion was aimed at res
toring the rubble-work , 
which had deteriorated due 
to earthquakes ,  by using 
materials and technology 
that were consistent with 
the or iginal construct ion . 
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LA ARQUITECTURA DE QUI TO FRENTE A LOS SISMOS .  

Ines del P ino* , Patrick De Sutter y Mario Moran P .  
Inst ituto Nacional de Patrimonio Cultural 
Cuenca 918 y Mej ia 
Quito - Ecuador 

Obietivo 

Sintet izar las experienc ias obtenidas en e l  manej o de tecnicas 
de conservac i6n y reforzamiento en los monumentos co loniales 
re l igiosos de Quito afectados por sismos . 

Marco referencial para e1 estudio 

1 .  Aspectos geotect6nicos referentes a la sismicidad regional : 
El Ecuador es un pais andino ubicado en e l  continente Sud Ameri
cano ( Quito , 0 . 180 S - 78 . 500 0) cuyo tectonismo esta definido 
per los movimientos de las placas marit ima de Nazca y continental 
Sud Americana que , al chocar , forman una zona de subducc i6n in
terplaca ( Ver graf . 1 , 2 ) . La geomorfo logia and ina y particular
mente la de Quito , esta caracterizada por un volcanismo activo y 
e l  tectonismo de las formac iones de l Holoceno const ituidas per 
dep6s itos aluvial , glac ial , lagunal ,  cenizas volcanicas y secuen
c ias sedimentarias de l P le istoceno ( Ver graf . 3 , 4 )  [ � ] . 

La zona de subducci6n interplaca,  e l  tectonismo andino y e l  
volcanismo const ituyen las principales areas fuentes d e  l o s  sis
mos ( Ver graf . 5 , 6 )  [ 2 ] [ 3 ] . 

TECTON/SMO DE SUBDUCCION 
SUDAMERICANO 

• 1'.U.A e.o_ SOtANO JtlJ/GARE1U. 
• I'ALU '_T� AH()INA 

S> PLACA NAZCA 
TECTON/SMO DE SUBDUCCION 

MAPA GEOLOGICO OE LA PROVINCIA 
OE PICHINCHA 

2 .  Riesgo s i smico para monumentos hist6ricos : E l  riesgo s i smi
co e s  medido en func i6n de la maxima intensidad sismica ( Mercal l i  
Modificada-MM ) que e l  monumento h a  resist ido durante su vida ut i l  
sin l legar a l  colapso [ 4 ] ; e sta intensidad const ituye e l  s i smo de 
comprobaci6n y so lamente sera aplicable para cada monumento cuyo 
periodo de observac i6n sea mayor de 300 afios . 

MAPIl OE FALLAMIENTOS OE 'LA 
PROVINCIA OE PICHINCHA 

SISTEMATIZACION OE LOS FALLAMIENTOS I 

* Autor a quien debe ser dirigida la correspondenc ia . 
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La definic i6n del sismo de comparaci6n en terminos de la 
acelerac i6n permite di senar el reforzamiento limite adecuado para 
e l  monumento danado p�r este . 

3 .  Microzonificac i6n s i smica de Quito : Las condiciones dinami
cas de l sue lo de fundac i6n determinan otro parametro , pues una 
respuesta inadecuada de la interacc i6n sue lo-estructura produce 
un riesgo que debera ser moderado con una intervenc i6n e structu
ral apropiada . 

El proyecto de microzonificaci6n sismica para e l  Centro 
Hist6rico de Quito permite conocer parametros dinamicos de l sue lo 
local ( Ver graf . 7 ) .  

PROYECTO OC MICROZONIFICACION SISMICA 
PARA EL CENTRO HISTORICO DE QUITO 

GRAF. 7 

4 .  Valor arquitect6nico del centro hist6rico de Quito : Existen 
dos razones que determinan el valor de Centro Hist6rico : 

4 . 1 En el periodo co lonial ( 1534- 1810 ) ,  Quito fue la c iudad de 
la regi6n Norte de l pais menDs afectada por e l  impacto s i smico 
ya que , en el mismo periodo , c iudades vecinas debieron ser re
construidas 0 reubicadas . 

4 . 2  La unidad espac ial y formal de l Centro Hist6rico de Quito 
se mant iene a 10 largo de 400 anos y constituye una de las pocas 
capitales de Latinoamerica que posee un centro de tal magnitud y 
caracterist icas fis icas . 

5 .  Vulnerab i l idad sismica de los monumentos hist6ricos cons
truidos en t ierra : En general , los conventos e iglesias de Quito 
se construyeron or ig inalmente en adobe . Paulat inamente e stos 

. 

monumentos se reconstruyeron en ladr i l lo . En monaster iDS de 
monjas se dieron los mismos cambios pero manteniendo e l  adobe en 
los claustros y cerramientos perimetrales .  

Las construcc iones hist6ricas de adobe presentan alturas max1mas 
de 10 metros ,  con muros cuyos espesores promedio son de 1 . 20 mt � 
en planta baj a y 1 . 00 mt . en planta alta . 

Las t ipologias de las construcc iones de adobe , que han demostrado 
su resistenc ia y estab i l idad , se caracterizan por tener valores 
baj o s ,  inferiores a 5 para la relac i6n altura-espesor . Cuando 
esta relac i6n t iene valores superiores a 5 ,  su estab i l idad frente 
a los sismos disminuye en ausenc ia de sistemas de arriostramiento 
lateral . 

Lo expuesto demuestra que formas esbeltas como torre s ,  muros sin 
arriostramiento y sistemas abovedados no han resist ido los sismos 
de intensidades mayores que V ( MM ) , 10 que justifica la existen-
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c i a  de torres de ladri llo y reforzamiento de los muros con ladri-
1 10 , piedra y madera para mej orar su resistenc i a .  

Reconocimiento de las tecnologias tradiciQnales de preyenci6n 
sismica 

1 .  Tipo logias arquitectonicas constructivas de l centro histori
co de Quito , procesos construct ivos y materiales : El examen en 
muros de 17 monumentos historicos coloniales a 10 largo de 22 
Blames de importanc ia ha dado como resultado las siguientes con
c lusiones : 

1 . 1  La total idad de los monumentos re l igiosos conservan aun 
muros de adobe , muros mixtos adobe- ladri l lo y solo en dos casos 
muros de bahareque localizados en planta alta . 

1 . 2  En todos los casos , las cubiertas son de madera y tej a con 
predominio de una e structura tipo rey y de l t ipo dos aguas adosa
das . 

1 . 3  La relac ion de los muros , en alto y ancho calculado por 
pisos , es la siguiente : en planta baj a ,  la re lacion es de 3 . 35 y 
en planta alta es de 4 . 27 ,  con excepc ion de l monasterio de Santa 
Catal ina que t iene una re lac ion promedio de 6 . 0 .  

1 . 4  Las dimens iones mas general izadas para e l  adobe co lonial van 
desde 44 a 46 cm . de largo por 22 y 23 cm de ancho y entre 12 y 
13 cm de espesor . Los adobes produc idos en el presente siglo 
tienen una dimensi6n general izada de 40 x 20 x 10 cm . Mientras 
mas ant iguo es el adobe , mayores son las dimensione s .  La perdida 
de componentes organicos que son la paj a y e l estiercol es pau la
t ina con el t iempo . Los adobes actuales produc idos en la zona 
c ircundante a Quito e l iminan los ingredientes organico s ,  reducen 
dimensiones y desmej oran ·su cal idad . 

1 . 5  Todos los muros estudiados son muros soportantes de adobe ; 
se encontraron ej emplos de arcos de descarga y de b6vedas primi
t ivas unicamente en el Hospital San Juan de Dios e Ver graf . 8 , 9 ) . 

$1!lTCItlA DE au. 

t .J.. 

SISTEMAS TRADICIONALES SISMORESISTENTES MODELO ESTRUCTURAL PARA EL 
ANAL/SIS DE LA ESTABILIDAD. 

GRAFICO No.8 

J: 
t .J.. 

Patologias presentes en las tipologias constructiyas V sistemas 
de comportamiento estructural en la arauitectura tradlciooal 

Los sismos ocurr idos en la co lonia dieron paso a la ampl iac ion de 
igles ias y conventos y a su reconstrucc i6n parc ial 0 total , razon 
par la que en la actual idad se encuentran muros mixtos con rel le
nos de ladr i l lo y piedra , que se unen con morteros de barre 0 de 
cal-arena , perdiendo su homogene idad . 

Los dafios sismicos , corresponden a una interacc ion entre las 
partes del muro y los s istemas de entrepiso y la estructura de 
cubierta . 

Criterios de analisis estructural para construcciones en tierra 
solicitadas por sismos 

1 .  Determinac ion del sismo de comprobaci6n para e l  analisis de 
la edificac ion : Este tema constituye la principal preocupac ion 
para la determinac ion de l nive l de intervencion e structural . 
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Hospital " San Juan de Dios " 
de Quito . I ntervenci6n 
e structural en uno de los 
muros de adobe . 
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En los estudios real izados en Quito se ha ut i l izado la siguiente 
metodologia. 

a .  

b .  

Clasificac i6n de las intensidades s i smicas registradas que 
han afectado al monumento .  

Determinac i6n del area fuente de los s i smos que han causado 
danos a la edificac i6n . 

c .  Calculo de la intensidad sismica en e l  monumento : 

I = 8 . 1871 + 0 . 938 M - 1 . 759 Ln ( R+40 ) [ 5 ] 

M = Magnitud ( MS K )  
R = Distanc ia hipocentral (Km ) 

d .  Estudio crit ico comparat ivo de las intensidades con los 
danos causados en el monumento , para e stablecer el sismo de 
comparaci6n que servira para los analisis de estab i l idad . 

2 .  Mode laj e de los empuj es s i smicos y cargas gravitac ionales : 

2 . 1 .  Empuj es s i smicos : La aceleraci6n se calcula mediante la 
siguiente ecuaci6n de atenuac i6n para Quito : 

Ln a = 295 . 2 14 + 0 . 6479 M - 1 . 2 1 5 1  Ln ( R+40 ) [6 ] 

El periodo fundamental del monumento e n  tierra , por su gran 
vo lumen y baj a altura , se 10 podr ia considerar simi lar al periodo 
predominante de l sue lo , ya que conjuntamente con el muro cons
t ituirian un cuerpo continuo . 

El empuje s i smico , como fuerza de inerc i a ,  se ha calculado 
ut i l izando las formas espectrales propuestas en e l  proyecto de 
microzonificaci6n s i smica para e l  Centro Hiet6rico [ 7 ] , y la ace
leraci6n determinada para el sismo de comprobac i6n . 

2 . 2  Cargas gravitaciona les : Const ituyen e l  peso propio de los 
materiales que conforman el muro y las cargas de ut i l i zaci6n como 
s istemas de entrepisos , tabiquer ia y cargas vivas , transmit idas 
como carga uniforme distribuida en toda la longitud del muro . 

3 .  Determinac i6n de los si stemas resistentes y definic i6n de l 
modele estructural de ana l isis : De l analisis de las geometr ias 
en planta y e levaci6n de l monumento y de los lineamientos de las 
fisuraciones produc idas por los sismos , se determina en cada caso 
part icular , los sistemas estab i l izantes y sismorresistentes de la 
edificac i6n los cuales son modelados eetructuralmente para e l  
analisis . 

4 .  Metodos de analisis estructural y determinaci6n de esfuer
zos : Las caracterist icas mecanicas· part iculares de los mampues
tos y de los muros ,  conj untamente con los problemas de comporta
miento de la fisurac i6n y microfisuraci6n condicionan la neceei
dad de recurrir a metodoe de analisie consistentes . Se ha ut i l i
zado generalmente metodos estat icos de calculo , apoyados en la 
res istenc ia de materiales , apl icados sobre secciones unitarias de 
los e lementos .  

5 .  Diagn6stico y formulac i6n de la teoria de l comportamiento 
estructural de l monumento :  La comparaci6n cuant itat iva y cua
litat iva entre la resistencia disponible del muro y los esfuerzos 
mayorados ,  calculados por efecto de las cargas gravitac ionales y 
s i smicas , permiten formular la teoria del comportamiento estruc
tural sobre la cual se bas a el proyecto de reforzamiento . 

Desarrollo de tecnicas de mejoramiento estructural 

i. Tecnicas de Reforzamiento : Las tecnicas ut i l izadas son de 
dos t ipos : 

1 . 1 .  Reforzamiento de la mamposter ia mediante forramientos su
perficiales de mal la metalica recubierta con mortero y anc lada a 
la mamposteria con micropi lotes corto e .  

1 . 2 .  Reut i l izac i6n d e  las tecnicas tradic ionales de arriostra
miento talee como entrepisoe , l laves y so lerae de madera , ayuda
dos por tirantes de acero co locados a nive l de entrepiso y cu
bierta . 

2 .  Tecnicas de Coneol idaci6n : Lae tecnicae con finalidad de 
consol idaci6n ut i l izadas en los monumentos consisten en la rest i
tuci6n de su cont inuidad perdida por los agrietamientos 0 inter-
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Graf . 10 : estado actual y 
propuesta de reforzamiento 
y consol idacion estructural 
de la Cap i l la del Robo . 

Levantamiento rea l izado por 
e l  Instituto Nacional de 
Patrimonio Cultural . 

Adobe 90 

venciones provocadas p�r el cambio de uso , mediante la co locaci6n 
de micropi lotes inyectados en la mamposter ia . 

3 .  Tecnicas de Mantenimiento : Los muros danados per agentes 
tales como la humedad , erosion , sobreut i l izaci6n 0 intervenciones 
inadecuadas fueron reparadas e l iminando la causa de los danos y 
liberando los materiales incompat ibies con la naturaleza de l muro 
de t ierra para luego recuperarlo mediante tecnicas tradic ionales 
de protecc i6n y reposic ion puntual de faltantes , en muchos casos 
a l igerando las cargas muertas innecesarias y planificando un uso 
compat ible con la res istenc ia y estab i l idad disponibles en la 
obra murar i a .  

Casos de Intervenci6n 

Hospital San Juan de Dios : Esta intervenc i6n se centra en e l  
muro Sur de l hospital ( Ver graf . 9 ) , destruido por efectos de 
envejecimiento , sobreut i l i zac i6n y perdida de los mecanismos 
e stab i l izantes sismorresistentes . 

Este muro de adobe data de 1564 , es posiblemente e l  mas 
ant iguo de Quito y tinico en su forma , por los nichos abovedados 
en planta baj a .  

Las condiciones pato logicas del muro determinaron e l  diseno 
de una intervenc i6n estructural cuyo obj et ivo es el " confinamien
to armado " de las masas de adobe agrietadas y fisuradas para que 
por medio de inyecc iones de morteros de terrocemento recuperen la 
cont inuidad y la resistenc ia adecuada para obtener una estabili
dad con una seguridad consistente con la cruj ia de la cual e l  
muro e s  parte . 

El diseno de intervenc i6n se complet6 con propuestas de 
confinamiento de l sue lo de fundac ion y la reposici6n de los meca
nismos de arriostramiento sismorresistentes originale s .  

Capilla d e l  Robo : En e ste monumento , cobra importanc ia l a  con
servaci6n de la espadana de l front ispicio de la Capi l l a ,  por sus 
condiciones de gran esbe ltez y la construcci6n mixta con dos 
materiales : ladr i l lo-adobe . { Ver graf . 10 ) 

;' 
F/lCHAOA CAPILLA DEL ROBO 

La masa sobresaliente de la espadana , per su esbeltez , es un 
elemento vulnerable a l  sismo ; las vibraciones y desplazamientos 
laterales produc idos afectaron al muro inferior de adobe , agrie
tando lo y fisurando lo con la consecuente perdida de resistenc i a .  

E l  estudio estructural demostro la neces idad d e  amort iguar y 
arr iostrar la espadana a fin de contro lar la respuesta s i smica de 
este elemento . Para e l lo se diseno un si stema de tensores ver-
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t icales de arriostramiento anc lados a dados de hormig6n ubicados 
en el piso , que cumplen doble func i6n : por una parte , controlar 
el vo lcamiento , y por otra , amortiguar las vibraciones . 

La resistenc ia del muro de adobe fue mej orada mediante e l  
uso d e  micropi lotes d e  hierro , inyectados e n  la mamposter ia y e l  
revestimiento de esta con una armadura de mal la metal ica adherida 
a los micropi lotes . 

Conclusi6n 

El obj et ivo de la intervenc i6n estructural en los edificios his
t6ricos de Quito es la de garant izar su estab i l idad , sin preten
der un reforzamiento mas alla del resist ido por el monumento a 10 
largo de l tiempo . 

La estab i l idad s i smica de los monumentos co loniales cons
truidos en t ierra depende de los mecanismos de arriostramiento en 
madera proporc ionados por los sistemas de entrepiso y cubierta . 

Los test imonios actuales ponen en evidenc ia que formas es
tructurales complementarias a los muros ,  tales como arcos , b6ve
das y cupulas no fueron concebidas en tierra sino en otros mate
riales como ladr i l lo y p6mez . Estas formas fueron importadas 
indistintamente desde zonas no s i smicas . Las torres han sido , a 
10 largo del tiempo , los e lementos arquitectonicos mas afectados 
por los movimientos s i smicos . 

Los e studios de geofisica para e l  centro historico de Quito 
han revelado parametros dinamicos no compatibles con este t ipo 
de edi ficacione s ,  10 que obl iga a conservar los mecanismos tradi
c ionales de protecc ion s ismica. 

La recuperacion de la resistenc ia perdida por causas sismi
cas , de envejecimiento , sobreut i l izac i6n y falta de mantenimiento 
de los muros de adobe se ha practicado con la apl icac ion de tec
nicas de reforzamiento para otros materiales que se han adapt ado 
para las obras de restaurac ion en adobe . 

El presente estudio posibi l ita e l  desarro llo de futuras 
invest igaciones relac ionadas con e l  riesgo s i smico y e l  comporta
miento estructural de las edificac iones historicas . 
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ABSTRACT 

Research on anti seismic 
construction is 
increasing and finding 
concrete applications . 
It befits us to look with 
attention and modesty at 
the works bequeathed to 
us by architects of 
antiquity . They 
respected earthquake
resistant rules of 
construction . S ince that 
time , we have invented 
l ittle and forgotten 
much . 
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LE BAT I ANC I EN DANS LES ZONES A R I SQUES 

P a t r i c k  de M a i so nneuve 

ar c h i t e c te-p r o fesseur 

18 av . Sa i n t Sur i n  

87 000 L i m o g e s  

F l-· ance 

La � e90n du p ass� 

Avant d ' avo i r  un c e r t a i n  regard sur I e  b � t i  anc i en dans 
l ' an t i qu i t � , i l  est i mpor t an t  que nous d i s t i ng u i ons l es 
d i ff�r ents b � t i s  . 1 1  e x i st e  des fam i l I e s  de b � t i q u i  o n t  des 
c arac t�r i s t i ques p ar t i c u l i �res se l o n l es mat�r i au x  q u i  
compo sent l es murs e t  p a r  c ons�quent q u i  r�ag i ssent 
d i ff�remment . Pour c e t t e  r a i so n  , i l  faut que nous 
appr�hend i ons , l es b � t i s  en fonc t i ons d e  l eur fam i l l e : l e b � t i  
e n  pans de b o i s  e t  I e  b � t i e n  p i erre par e x emp l e , r�ag i ssent 
d i ff�remment , v i e i l l i ssent d i ff�remmen t , sont �ventue l l ement 
s U j e t s  � des ma l ad i es d i ff�rentes et l ' o n  vo i t  d � j �  lA une 
r a i son pour sp�c i f i er l es i n terven t i ons sur un b � t i  se l o n sa 
nature . I l  faut t o u j ours avo i r  p r �sent A l ' espr i t  c es 
d i ff�r entes fam i l i es de b � t i .  

b � t i  en p i er res de t a i l l e 
b � t i en pans de b o i s  
b � t i e n  terre c r ue 
b � t i en terre c u i t e  
b � t i c o mp os i te 

Chacune de ces fam i l i es se l o n  q u ' e l l e est c o ns t i tu�e de 
m a i sons i so l �es ou en b l oc s  aur a des r�ac t i o ns qu ' i l nous 
faut essayer de c c.mprend r e .  

Avo i r  u n  r eg ard sur l e s  t ec h n i q ues ant i ques d e  construc t i on 
en �tud i an t  l eurs ves t i g e s , pour un no n arch�o l ogu� , c ' es t  l u i  
perme t t r e  de m i eu x  comp r end r e  l es tec h n i q ues du b � t i anc i en 
sur l eque l i l  travai l l e .  Les d i ff�rentes recherches no us 
perme t tent d ' aff i r mel- , peu t -� t l- e  avec pl-�somp t i on ma i s  avec 
une �v i dente s i nc �r i t� , que les t�mo i g nages du b � t i  s i mp l e  
t r ad i t i o nnel d e  l ' an t i q u i t � � t a i en t  d ' un n i veau 
tec h no l og i q ue auss i avanc� que Ie nStre parfo i s  pens� de 
man i �r e  p l us i n t e l l i gen t e . Nous savons par la t r ad i t i o n  
�c r i t e , l e  souc i d e s  anc i ens de const r u i r e  e n  respec t a n t  l es 
r�g l es s i sm i ques . Les t r avau >: du pro fesseur Bruno Hel l y  d i sent 
ma i n tes e t  ma i ntes fo i s  " D i eu l es ava i en t  pun i car i l s 
n ' av a i ent pas respec t �  l es r �g l es . " M a i s  q ue l l es so nt e l l es ?  
Pour r�pondre � c e t t e  ques t i o n , i l  nous f a u t  traverser l es 
s i tes et l es regarder avec un oe i l  d i ff�ren t .  
A Pompe i , nous d�couvrons gr�ce a u  tr avaux d e  Jean P i er r e  Adam 
l es i n terven t i ons d e  restaur a t i ons des Roma i ns �·p res I e  
t remb l ement d e  terre d e  5 1  ap J . C .  e t  avant I e  recouvrement 
en 79 ap J . C .  
Dans I e  s i t e de D� l o s  en Gr�c e , l es ves t i ges des 
soubassements no us � t o nnen t . Par e>:einp l e , l es ma i sons qui se 
t r o uven t � l a  proche p�r i ph�r i e  de l a  " ma i so n  des masques" ( 
r emarquab l e  POLll- ses mo sal ques ) nous montrent des c o mpos i t i o ns 
de mur s fo r t  � t o nnantes . Te l  mur est compos� de b l oc s  de 
p i er res i mpor tants avec , en t r e  eux , d e p e t i tes p i er res q u i  
p a r  l eur pr�senc e ,  l eur nomb r e  e t  l eur p o l i ssage o n t  de toute 
�v i dence un r S l e  i mp o r t an t . Ce syst �me ant i s i sm i que est 
c omparab l e  � c e l u i  des i l es vo i s i nes c o mme l ' i l e  de 
Ser i ph c.s , l es ma i sons du moyen-age d e  1 433 , d e m�me que l es 
ma i sons p l us r�centes de 1 885 sont c o mpos�es avec ce m@me 
proc�d � , avec cependant une d i ff�rence , �  savo i r  que l es b l oc s  
s o n t  souvent p l us p e t i t s  e t  mo i ns so i gn�s . Ma i s  d e  toute 
�vi denc e , s i  une ma i son d e  1 433 nous est p arvenue , c e t t e  
m a i son a p u  sup p o r ter b i en d e s  t remb l emen t s  d e  terre . 5 i  nous 
restons � D � l o s  no us pouvons vo i r  l a  enc o r e  des choses tr�s 
I nt �ressantes . Te l  mur cans l equel l es p i erres s ' i mb r i quen t 
l es unes dans l es autres c o mme s i  e l l es se souda i en t  entre
e l l es . Ce t t e  c o mpos i t i o n de mur no us l a  r e t r o uvons de l a  me-me 
man i �r �  dans I e  s i t e anc i en de l a  v i e i l l e t h �r a , dans l ' i l e  de 
Santor i n .  Nous t r o uvons auss i dans I e  s i t e  d e  D� l os des 
b l oc s  d e  p i er r e  de gr andes l ongueurs . I l s l i a i sonnement deux 
mur s ou ang l es de murs e n t r e  eux ou deux· ma i sons entre e l l es . 
Ce t te t ec h n i que , nous l a  r e t r o uvons d ans l es s i tes des 
c c. m p t c. i r s  ven i t i ens , ma i s  auss i dans l es . ma i sons 
t r ad i t i o nne l l es d e  l ' i l e  d ' Andros en Gr�ce . Enf i n  au Th�� tre 
d e  D � l o s  , l es murs qui sou t i ennent l e s  g r ad i ns so�t pens�s de 
man i ere t r �s � t onnante . Un s i t e c o mme D� l os est r i c h e  de 
remarques q u ' i l  faudr a i t  approfond i r  e t  rapprocher de b i en 
d ' au t res s i tes . I L e x i s te une fou l e  de t ec h n i ques , t ou tes ces 
tech n i ques ne sont qu ' une p e t i te p ar t i e  de c e  que nous 
c o mmen90ns A entrevo i r  
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Les b�t i s  en pans de b o i s  : c ' es t  dans l es s i tes 
arch�o l og i ques d ' Her c u l anum ou de Pomp e i  que nous trouvons 
des e x emp l es .  
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B i en que V i truve , dans son l i vre , n ' ac c o r d e  que peu d ' i n t�r.t 
aux ma i sons en pans de bo i s  , au regard des � t udes qu ' o n peut 
mener SLtr l es s i tes , de nombreLt >: � l �ments nous permet tent 
d ' af f i rmer que l es pans de bo i s  � t a i ent beaucoup p l us u t i l i s� 
qu ' o n ne I e  pense . A  Her c u l anum , l es pans de b o i s  � ta i en t  tr�s 
u t i l i s�s PO Ltl- l es � tages . No tr e  r egard se por tera sur une 
ma i son que Ma iur i Amadeo a fo u i l l � l a " Casa Gr a t i c i o " .  Ce t t e  
ma i son ent i �rement e n  pans de b o i s  n e  do i t  p a s  � t o nner dans 
un t e l  s i te an t i que d o n t  l es R . CH . so n t  en p i er r e . Nous a l l o ns 
essayer de comprendre c e t te ma i son d ans sa p r �sen t a t i on 
ac tue l l e et dans l es d i ff�rentes r�hab i l i ta t i ons par l es 
arch�o l ogues . Ma l g r� l es tec h n i q ues emp l o y�es ( I e b � t o n  arm� 
en p l ancher . .  ) nous pouvons enc o r e  a U j ourd ' h u i  tr�s b i en 
comprend r e  l a  tech n i c i t � du pans de b o i s  � 1 ' �poque roma i ne 
et l a  r e trouver dans de nombreux b � t i s  anc i ens e x i s tants 
a U j ourd ' hu i . Ce qu i nous permet de m i eu x  comprendre l es 
p i �ces du p u z z l es manquantes . Les pans de b o i s  de c e t t e  ma i son 
� t a i en t  pens�s e t  mont�s comme ceux que mo n t a i ent l es 
c h arpent i er s  du moyen-age et des �pc'ques su i vantes . Ces 
charpen t i er s  q u i  c o nna i ss a i en t  l a  fabr i c at i o n des nav i r es 
, sava i en t  comment perme t t r e  � une ma i son en b o i s  de se 
stab i l i ser entre deu x mai sons en p i el-res . En essayant de 
comp r endre la ma i so n  avec Va l er i o  Papacc i o  ar ch i tec te du s i t e 
ant i q ue nous pensons que l a  Casa Gr a t i c c i o  q u i  est cons t r u i te 
entre deux ma i sons , samn i tes , u t i l i se l ' espace du J ard i n  ou des 
d�pendances d ' une de c es deux ma i sons , e t  a �t� constru i t e 
par un des deux propr i � t a i res so i t  pour . t r e  l o u�e so i t  
, c omme o n  I e  pense � l a  su i te d ' un tremb l ement d e  terre 
. Ce t t e  ma i son ne c o mp o r t e  pas de murs p i gnons en p ans de b o i s  
. Tous l es � l �ments por teurs ( p l ancher s ) reposen t sur des 

p i l i er s  en br i ques . •  Ceux-c i sont d�so l i d ar i s�s des murs des 
m a i sons vo i s i nes . Nous ver r o ns d ans la tro i s i �me p ar t i e  de ce 
documen t q u " �  la su i te d ' un t r emb l ement de terre i l  ne faut 
j ama i s  l a i sser un espace v i de entre deux ma i sons qu i o n t  
souffer t . Tr�s souvent l o r sque u n e  ma i son s ' es t  
effondr�e , nous , l es ar c h i tec tes , ve i l l o ns � c o nso l i der l es 
m a i sons vo i s i nes en sou tenant l es murs p i gnons par des 
p o t eaux et des p o u t r es en b o i s . l c i  , d ans Ie cas de la Casa 
Grat i c c i o . l a  m.me t e c h n i que a �t� emp l o y� . S i mp l ement l ' espace 
v i de est devenu une construc t i o n . C ' es t  Ie ph�nom�ne c l ass i que 
de l ' ut i l i sa t i o n par l es propr i � t a i res , d es espaces v i des . 
En c o mparant c e t t e  ma i son avec des ma i sons en pans de b o i s  de 
L i moges ou de Tou l ouse • . . .  piOUS comprenons que l es Roma i ns 
poss�d a i en t  t r � s  b i en l a  tech n i que du b � t i en pans de b o i s .  

Les � t udes , l es observa t i ons e t  t o us l es ense i g nements que 
no us tr ansmet c o nf i l-ment la c o nna i ssance des ma i sons en p ans 
de b o i s  que nous avons pu r �a l i ser dans Ie c ad r e  de l a  
c o l l ec t i on des 4 5  ouvrages d e  l a  c o nna i ssance d u  Ba t i  Anc i en 
d ' E . D . F .  C e l a  nous a i dent � c o mprendre l '  i mpor tance du p ans 
de b o i s  dans l es s i tes � hauts r i sques s i sm i ques c o mme Pomp e i  
e t  Hercu l anum . 

Nous venons de vo i r  � t r avers deux s i tes t e l l ement c o nnus de 
l ' an t i q u i t �  que l es bat i sseurs ant i ques ava i en t  une 
c o nna i ssance des techn i ques ant i s i sm i ques et qu ' i l  sava i en t  
l es u t i l i ser . 
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I I  p ar t i e  

Nous d i sposons d e  t ec h n i q ues ant i s i sm i ques 

Dans I e  cadre des zones s i sm i ques ces memes c arac t �r i s t i ques 
appar a i ssent sur I e  b a t i anc i en t r ad i t i onne l que no us 
h ab i t o ns aU j ourd ' hu i  e t  que l ' on peut s i tuer du moyen age � 
nos j our s . Ce b a t i t r ad i t i onne l , se l o n  sa nature ( en p i erre ou 
autres ) a des cons t antes qu ' i l  no us faut sans c esse r e t r ouver 
e t  approfond i l- . Ces t ec h n i ques ne sont pas h i erach i s�es ma i s  
tr�s l i �es aux types de b at i . 

1 ) Le b a t i en p i erre 
Comme no us l ' avons �voqu� p l us haut , l es ma i sons gr�cques ont 
l eurs murs compos�s de m� l anges de gr osses p i er r es e t  de 
p e t i tes p i er r es avec un savant agencemen t , l es c l o i sons so nt 
en p ans de b o i s  e t  Ie p l afond a la p ar t i c u l ar i t� d ' @ t r e  fa i t  
d e  r o nd i ns d e  b o i s  sur l esque l s  peuvent bouger des p i erres 
p l a t es . Le t o u t  est recouver t d ' une i mpor tante �pai sseur de 
terre . Lo r s  d ' un t r emb l ement d e  terre , I e remp l acement de ces 
t ec h n i q ues par une d a l l e b�ton frag i l i se Ie ba t i . Nous 
pouvons vo i r  15 � 20 ans apres un c er ta i n  no mbre de 
f i ssures , l es d a l les se r e l evant au x e x t r �m i t�s . Cec i nous 
montre qu ' i l  ne faut pas ap p l i q uer n ' i mp o r t e  que l l e  techni que 
m a i s  qu ' i l faut res ter p r �s des t ec h n i q ues du b a t i anc i en et 
des c o nna i ssance des ma90ns l ocaux qui non seu l ement savent 
l es me t t r e  en oeuvre ma i s  auss i savent l es entreten i r .  
Tout I e  monde c o nna i t  l e s  t ec h n i q ues p r �sentes dans de 
nombr euses r�g i ons du monde , q u i  consi stent � renfo rcer l es 
soubassements des murs c o mme p ar e x emp l e  � Annecy ou en 
Corse . . .  I l  e x i ste auss i des t ec h n i ques p l us sub t i l e s  e t  q u i  
c ache une permanence constante de r�hab i l i t a t i o n : Ce l l e  d ' un 
des prem i ers pro j e t s  �tud i �s l o r s  du t r emb l emen t de terre en 
I ta l i e en no v . 1 980 dans la r�g i o n  de la Campan i e .  

C e t t e  tec h n i que c o ns i st e  e n  une superpo s i t i o n  de c o n t refor t s 
et une u t i l i sat i o n  de l ' espace entre ceux-c i . E l l e est 
emp l o y�e dans sa p l us g r ande exub�rance dans cer t a i nes i l es 
i t a l i ennes t e l l e  que l ' i l e  de Proc i dea ou l '  on constate en 
e x am i nant de p r es q u ' i l  y a une success i o n  de c o n t r efo r t s  q u i  
avancent sur l a  mer . Ces m@mes r�f�rences s e  ret rouvent en 
Gr�ce dans l ' i l e  de Santor i n , emp l o y�es de fa90n mo i ns 
i mpor tante ma i s  on tl-ouve aussi d ' i mmenses c o n t r efor t s  qu i 
so u t i ennent enc o r e  des ma i sons du moyen ag e .  
Enf i n  d e  man i er e  p l us sub t i l e , c ' es t  dans l ' i l e  d e  Paros que 
l ' on u t i l i se la t ec h n i que de l ' ar c  � l ' i n t�r i eur d e  l a  
m a i so n . Lorsqu ' o n essaye d e  comp rend r e  I e  po s i t i onnement d e  
c e t  a r c  , q u i  s e  s i tue souvent au centre !;Ie l a  p i ece , o n 
constate qu ' i l  p r end appu i sur un autre arc e x t�r i eur � l a  
m a i son qu i sert d e  passage couver t . Ce l u i -c i  p r enant appu i 
l u i -me-me SU1- l ' ar c  d ' une au t r e  m a i so n . C ' es t  a i ns i  qu ' i l  
e x i s te un i mmense mai l l age d ' arcs � l ' i n t�r i eur comme 
� 1 ' ex t er i eul- des ma i sons . Le non entret i en de ces arcs 
d i m i nue toute l eur eff i c ac i t e . Ce que no us admi r o ns avec 
beaucoup d e  p l a i s i r  l orsque nous nous p r omenons dans l es i l es 
g recques sc.us l es passages c ouver t s  n ' es t  que l '  i n l assab l e  
vo l onte des hab i tants de cr�er c e  ma i l l age af i n  de se 
pro t�ger . Ces � l �men t s  que l ' on c ro i t  comme des e l �ments de 
decor sont d ' une i mp o r t ance ant i s i sm i que c ap i t a l e .  

Enf i n  l e s  ma i sons d e  Santor i n  o u  l es r ares ves t i ges d e  l a  
r�g i o n  Ama l f i t a i ne en I t a l i e sont d e  v�r i t ab l es arcs en
e l l es-m@me . Toute la to i ture c o ns t i tue un arc . On tr ouve auss i 
de nombreuses pe t i tes tech n i ques pour l e s  ouver tures ou l e s  
fene- tres , en Yougo s l av i e  ou en g r �c e .  

Avant d ' abor der l e s  ma i sons e n  p ans d e  b o i s  e t  comme � l �ment 
de t r ans i t i o n  regardons l es ma i sons en p i er r es ou autres 
, d o n t  l a  p ar t i e  haute est en pans de b o i s  , t e l l es qu ' o n l es 
t r ouve dans I e  nc.rd de l a  Gr �ce ou en Yc.ug o s l av i e . A  c h aque 
n i veau , l es murs compor tent tous l es metres des sor tes 
d ' �c h e l l es en bo i s  pos�es � p l at sur Ie mur . A i ns i  l a  
ma i son est s t r i �e sur t o u t e  s a  hau teur par d u  b o i s  q u i  
ser t d e  c h a inage ou de l i a i sonnemen t . Ce t t e t e c h n i que se 
r e t r ouve en Turqu i e  cc.mme l '  i nd i que Haroun Tass ief d ans son 
ouvrage c o mme c o ns t i tuant un mode l e  de ma i so n  rura l e  
p r �c o n i s�e e t  f i gu r a i t  � c e  t i tr e  sur des aff i c hes d e  
propag ande . 
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Pour I e  pans de b o i s  c ' es t  en A l sace ( Franc e ) que l ' o n  
r emarque l ' emp l o i  de l a  t ec h n i que d u  b o i s  l ong qu i monte sur 
p l us i eurs n i veaux . I l  e x i s t e  dans c e t te r �g i o n  une vo l on t �  de 
s�parer c h aque n i veau , une t r i angu l a t i o n  de l a  to i t ur e , e t une 
p i ece de b o i s  " I e Man " qu i  �querre l es sab l i �res avec l es 
p o teaux c o r n i �r es . La p ar t i c u l ar i t� de c e t t e  p i ec e  de b o i s  est 
c o ns t i tu�e par Ie f a i t  qu ' e l l e  se c h e v i l l e par l ' e x t�r i eur 
. L ' o b serva t i o n des m a i sc,"s en pans d e  b o i s  nous permet de 

const ater exac tement l a  m@me t ec h n i que en Turqu i e  et en 
Gr�ce . Dans l ' 1 l e  de Lefkas on r emarque c e t t e  t ec h n i que 
s i m i l a i r e , l es restaurateurs d u  der n i er t r emb l ement de t er r e  
o n t  p r �f�r� p o s i t i onner d e s  esc a l i er s  b�tons devan t c e  type 
d e  m a i so n , i g no r an t  comp l e t ement Ie fa i t  que l es esc a l i er s  
� t a i en t  c o ns t r u i t s  en b o i s . La propr i �t �  du b o i s  e s t  d e  
pouvo i r  s e  d�former . 

Enf i n  l es ma i sons en t er r e , l es � t udes a ce j our ne no us 
perme t t ent pas d ' aff i rmer enc o r e  que nous d i sposons des 
des t ec h n i ques appropr i �es . Par c o n t r e  nous savons que l a  
p ar t i cu l ar i t� d e  ces ma i sons est d ' avo i r  comme o n  I e  d i t  en 
Dauph i n� " De b o nnes b o t tes et un b o n  Chapeau " c ' es t  a d i r e  
que l a  c harpente d e  l a  t o i ture avec s o n  c h a 1 nage e t  son po i d s  
l i a i sonne l ' ensemb l e  de l a  ma i so n  sur d e s  bases sa i nes . Toute 
frag i l i t� des Chainages d ' ang l e s  entra1ne p l us souvent l a  
c h u t e  des murs . 
L ' �t ude des t e c h n i que anc i ennes par type de b � t i a pour b u t  
n o n  seu l ement d ' appor ter l es me i l l eurs r�ponses t ec h n i q ues e n  
u t i l i sant auss i b i en l es t e c h n i ques anc i ennes que l es 
tech n i q ues modernes . Ma i � sur t o u t  de comp r endre I e  
c ompor tement d e  c e  b a t i e t  r e t r o uver I e  savo i r  des g�n�r a t i o n 
d ' u t i l i sa t eurs . Ma i s  i l  nous faut encore beaucoup c h er c her e t  
sur t o u t  ana l yser . 

I I I  p ar t i e 
Le b a t i ant i s i sm i q ue : d es r�g l �s , une i mp l i c a t i on . . .  

Par m i  l es prob l emes que nous c o ns ta tons avant e t  apres un 
t r emb l ement d e  terre o n  r e l eve un c er ta i n  nombre de 
c o ns t antes cause de danger . 
l ) l e prob l eme du non entr e t i en et des c o nstruc t i ons abus i ves 
2 ) l e prob l eme de l a  m�c o nna i ssance des f i ssUres , d e 
l ' i n terpr� t a t i o n de l a  l ec ture de ce l l es-c i pour en �va l uer 
Ie danger 

En zones a r i sques , I e danger v i en t  souvent du non entre t i en 
des h ab i t a t i o ns . Le non-entre t i en de l a  to i ture et des 
mur s , que l que so i t  Ie type de ba t i , rend vu l n�rab l e  aux 
secousses non seu l ement l ' h ab i ta t i o n m a i s  auss i l es ma i sons 
vo i s i nes . Lors des t r emb l ements d e  terre , o n a pu observer des 
b � t i s  ayant souffer t a cause d ' un � l �ment defec tueux , une 
poutre ma l ancr�e • • •  par e xemp l e . Par � i  l es premi eres 
observa t i ons c ' es t  t e l l e c h em i nee qUi peut @ t r e  en danger 
, t e l l e  t u i l e ma l po s i t i onnee , te l  l i n teau no n c o nfo r t� q u i  

p e u t  c o ns t i tuer u n  danger . 
De m@lI!e l a  construc t i on sauvage est un prob l eme tres gr ave e t  
q u i  c ependant s ' amp l i f i e . Un p r op r i �t a i r e  d e  dern i er e t a g e  qu i 
c o nstru i t  une sur � l �va t i o n sans t en i r  compte de son vo i s i nage 
est un ree l danger . Dans Ie cas de Pc. l l a en I ta l i e c ' es t  une 
c o ns t r uc t i on abus i ve qui a d�stab i l i s� un i l o t  ent i er , a l o r s  
que c e l u i -c i ava i t  for t b i en t enu j usqu ' a  p r �sent g r �c e  a ses 
c o n t r efo r t s . 
Un autre prob l eme appar a 1 t  , c ' es t  I e  c h angement de nature des 
mat�r i aux . Lorsque un propr i e t a i r e  d ' un b�t i en p i erre pense 
c o nso l i d er sa m a i son en remp l a9ant une poutre b o i s  par une 
poutre me t a l l i que , o u un p l ancher b o i s  par un p l ancher 
b�ton , l es mat�r i au>: r�ag i r o n t  de man i er e  d i fferente et 
peuvent c reer des desor d r es . Une des p r em i eres ma i sons que 
j ' a i  abor dee apres un t r emb l ement de terre ava i t  un r e z -de
c h aussee en p i erre d e  t a i l l e , I e prem i er �tage en beton , I e 
deux i eme � tage en b r i que . Le f i l s ava i t  constr u i t sur l a  
m a i son d e  so n pere e t  ava i t  r ea l i se une h ab i ta t i o n pour son 
p r o p r e  f i l s en b r i que au deu x i eme � tage . Lors d u  t r emb l ement 
de terre , l ' � tage en b � t o n  s ' es t  dep l ac �  de 10 a 1 5cm , quant 
a l ' �tage en b r i que , i l  fut t o t a l ement effond r � . 
De l a  m@me man i er e  , o n  a vu sur ma i sons ou l a  to i ture ava i t  
� t �  remp l ac�e par une t o i ture e n  b�ton : des d a l l es ( to i t ur e ) 
ava i en t  bouge de p l u s i eurs cent i me t res sur l es murs de p i erre 
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La l ec ture du b � t i A t r avers ses f i ssures 
ALl n i veau d ' un i l o t , l a l ec t ure des f i ssures nous permet d e  
comprendre c e  q U i  s ' es t  passe sur I e  b �t i . Nous devons auss i 
savo i r  s i  l e s  f i ssures sont danger euses ou nc. n . 

Dans I e  cadre des ref l e x  i ons que no us pouvons f a i r e  sur I e  
b � t i anc i en , l e  p r em i er prob l eme est l a  conna i ssance d e  ce 
b �t i . Fo r t  l o ng t emps i g noree . c e t t e  connai ssance n ' es t  pas 
encore d i ffusee dans Ie c ad r e  des eco l e s  d ' arc h i tectur e . 
C ' es t  un ree l prob l eme car o n  peut en vo u l an t  rehab i l i ter 
fa i r e p l us d e  ma l que d e  b i en . D.n l ' a  souvent c c. ns t a t e  dans 
l es s i tes archeo l o g i ques ou l es restaur a t i ons ont contr i bue A 
acc r o i t r e  l a  destruc t i o n  des s i tes . Ma i s  l a  connai ssance du 
b�t i est i mpor t ante car c ' es t  dans ces z o nes que v i vent l e s  
fami l I es l es p l us pauvres , l es hommes t r ava i l l an t  d ans 
d ' au t res r eg i ons ou pays . Appor ter des t ec h n i ques c i tad i nes 
peut .tre to t a l ement c o n t r ad i c t o i r e pour Ie b � t i ma i s  aus s i  
l es v i eux ma90ns qu i s o n t  s u r  p l ac e  ne l es c o nna i ssent pas . I I  
est donc i mp o r tant d ' a i der ceux q u i  so n t  sur p l ace A me t t r e  
en oeuvre l eurs propres tech n i q ues q u i  respec tent I e  b � t i . I I  
est e t o nnant d e  constater q u ' une techni que que l ' o n  trouve en 
Yc.ug o s l av i e  se retr ouve en g r ec e  et dans d ' au tres pays . Nous 
devons donc avant de f a i r e  t o u t e  conc l us i o n  approfond i r  no s 
c o nna i ssances par des recherches et des echanges . 
Un des p r i nc i paux prob l emes du b � t i  res i d e  dans l ' entret i en 
de c e l u i -c i . To u t  b � t i entre tenu a de me i l l eurs chances de 
b i en reag i r . 

Comme nous l '  avons vu p r ecedemment • c ' es t I a r ec h el-c h e  de 
t ec h n i ques spec i f i ques d ans l es zones s i sm"iques qu ' i l  no us 
faut approfond i r  souvent en e tud i an t  l es tech n i q ues d e  nos 
peres de l ' an t i q u i t e A nos j o urs • 

b i b l i ograph i e  
B . He l l y , J . P . Adam , H . Tass i ef , A . Ma i ur i ,  
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ABSTRACT : 
On October 1 7  1 9 8 3  an earth
quake measuring 7 . 1  on the 
Richter scale with an epi
center in Santa Cruz County 
shook northern Cali fornia 
caus ing mas s ive property 
jamage and some l o s s  o f  
l i fe . Among t h e  s t ructures 
affected were the last four 
Hispanic Era historic adobe 
bu i ldings in Santa Cruz 
County . Two o f  the four had 
previously been st rengthened 
to varying extent s to with
stand seismic event s .  the 
Santa Cruz Mi s s i on Adobe and 
the two story Castro Adobe . 
The damage to each o f  the 
four structures is de 
scribed, evaluated and ma j o r  
factors contribut ing t o  the 
damage are i dent i fied . 

KEYWORDS : 
Adobe, earthen archite cture , 
seismi c ,  earthquake , seismic 
mit igat ion 

Rgure 1. The Branciforte Adobe, 1987 

Rgure 2. North end wall, Branciforte 
Adobe. 1990 

Rgure 3. The Bo/coff Adobe, 1990 

Seismic Mitigation 

DAMAGE TO HISTORIC ADOBE BUILpINGS NEAR THE EPICENTER QF THE 1989 
LOMA PRIETA EARTHQUAKE SANTA CRUZ COUNTY CA 

Edna E .  Kimbro 
Historical : Architectural : Conservation Research 

At 5 :  04 P . M  .. on October 1 7 ,  1 9 8 9 ,  an earthquake measuring 7 . 1  on the 
Richter scale occurred centered in Ni sene Marks State Park in Santa 
Cruz Count y .  For 15 seconds it shook Northern Cal i fornia caus ing 
mass ive property damage and some loss of l i fe . Over the ensuing 
months thousands of aftershocks fol lowed, 9 0  measuring over 3 on the 
Richter scale, 2 0  above 4 ,  and 3 over 5 .  Santa Cruz County lies for 
the most part on the P acific plate, west of the San Andreas Fault 
dividing the Pacific and North American plates . The Pacific plate is 
gradually moving north . 

Only four Hispanic era historic adobe structures remain in 
Santa Cruz County where the twelfth Franciscan Mi s sion was founded 
by Spain in 1 7 9 1 : the Branci forte Adobe ( Ca .  1 8 0 6- 1 8 1 8 ,  the Bplcof f  
Adobe (Ca . 1 8 3 9 - 1 8 4 4 ) ,  the Santa Cruz Mi s sion Adobe ( 1 8 2 2 - 1 82 4 ) , and 
the Castro Adobe (Ca . 1 8 4 6 - 1 85 0 ) . Although the se structures are the 
oldest historic buildings located in this part of z one 4 ,  only two 
of the four had previously been strengthened to help withstand 
seismic event s .  All four were presumably affected by the 1 9 0 6  San 
Franci sco earthquake judging from old photographs and physical 
evidence o f  damage . 

The Branciforte Adobe 

A one -story, two-room building, the Branciforte Adobe (Ca . 1 8 0 6-
1 8 1 8 ) , fared relat ively wel l  in the Lorna Prieta earthquake o f  1 9 8 9 . 
Originally it was constructed as a one -and onerhal f story, t ile 
roofed one-room structure with adobe gable ends and a tapanco or 
loft above . Currently the Branciforte Adobe has woodframed 
addit ions to the west and south, a woodframed replacement south end 
short wal l ,  and woodframed repl acement gable over the north end 
adobe wal l . The west long adobe wal l  is no longer loadbearing as 
the shingled roof now rests on the woodframed west wal l  of an 
addition and on the east adobe wall . 

The Branci forte Adobe is oriented with the long wal l s  running 
north-south and faces east as was typical of early Cali fornia adobe 
const ruct ion . The wal l s  are 60 cm thick, with a height to thickness 
rat io of 4 . 5  for the l ong walls . The adobes measure 3 0  cm in width 
by 7 . 5  in depth by 60 cm in length and are laid in Flemish bond . A 
30 cm interior partition wal l  added to the structure a 1 8 4 8  
features vert ical wood members with specially cast adobe infill 
between, representing a seismically superior bui lding technique . A 
simi lar adobe part it ion wal l  was added to the Santa Cruz Mi s s ion 
Adobe circa 1 8 4 8  as wel l .  

Besides the usual diagonal cracking about the door and window 
openings , through the wal l  vert ical cracks occurred at the 
previously undamaged northeast and northwest corners of the adobe . 
A vert ical crack widened near the northwest corner where an opening 
had been cut and partially f i l led by a cupboard . 

Previous to the seismic event of October 1 7 ,  1 9 8 9  the 
Branci forte Adobe had been rehabilitated between 1 9 7 6 - 1 9 8 6 ,  was wel l  
maintained and in a good state of preservation . Moisture problems 
had been al leviated by the installation of a French drain at the 
north gable end and restorat ion of the corredor sheltering the east 
long adobe wal l . These fact ors , together with the low height t o  
thickness rat io and prior loss of the adobe gab l e ,  apparent l y  
contributed to t h e  structure ' s  performance under earthquake loads 
despite its proximity to the epicenter and lack of seismic 
strengthening . 

The Bolcoff Adobe 

Bolcoff Adobe , a one -story, two-room structure dating from ca 1 8 3 9  
t o  1 8 4 4 ,  was the least obviously damaged b y  the earthquake although 
it is i l l -maintained and in a poor state of repai r .  

The long walls o f  the Bolcoff adobe are oriented north-south 
with the facade facing east l ike the Branci forte Adobe . The wal l s  
are constructed of adobes measuring 2 0  c m  in width, 7 . 5  c m  in 
height , and 35 cm in length laid in Engl ish bond . They are 7 0  cm 
thick and the ratio of height to thioknes s  is 3 . 6 , we l l  within the 
current code requirement of 5 in seismic z one 4 .  



Rgure 4. West elevation, The Bolcoff 
Adobe, 1990 

Rgure 5. The Santa Cruz Mission 
Adobe, 1990 

Rgure 6. Southwest corner, the Santa 
Cruz Mission Adobe, 1990 
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The north port i on of the west long wal l has been replaced with 
formed concrete and reinforced concrete encapsulates the base of the 
southern wall segment extending about a meter up the wal l . The 
south end short wal l  has been replaced with woodframing which 
support s the heavy barrel t i led roof at that end . The roof plate 
rests on concrete corner buttresses at the n�rth end and at the 
midpoint o f  the east l ong wal l ;  the adobe wal l s  do not carry the 
load . 

Mudstone f oundat i ons extend over a meter deep into the alluvial 
soil o f  the former stream bed o f  Wilder Creek . Ground leve l  inside 
and out of the structure has been l owered over t ime about 30 cm 
exposing portions o f  the foot ings . Above the stone foundat i ons 
exce s.sive moi �ture has resulted in cons iderable erosion o f  the wal l  
face , undermining the east wall near its base . 

Effects of the October 1 7 ,  1 9 8 9  earthquake - on the Bolcoff Adobe 
were not devastating as might have been expected given the 
bui lding' s condit i on . A pre -exist ing vertical crack widened in the 
east wal l  and diagonal cracking was observed in the north end wal l .  
There , high in the gable portion o f  the wall ,  an unframed opening 
suffered the l o s s  of s ome adobes near the apex and the opening 
itse l f  was displaced to the west . The most dramatic e f fects 
occurred in places where portions o f  the deteri orated adobe wal l  
surfaces fell away exposing the darker interior o f  the mud bricks . 

The moderate nature o f  the damage to the Bolcoff Adobe i s  
att ributed to stab i l ity result ing from the low height to thicknes s  
rat i o  o f  the wal l s ,  the sma l l  numbe r  o f  openings and the fact that 
the we ight of the roof is not borne by the wal l s . The l ocation o f  
the Bolcoff Adobe farthest from the epicenter may have been a fact or 
in favor o f  its cont inued survival . 

The Santa Cruz Mission Adobe 

The Santa Cruz Mission Adobe , a one-and one-ha l f  story seven -room 
structure was completed in 1 8 2 4  for Indian neophyte quarters at the 
mis s i on . On October 1 7 ,  1 9 8 9  the bui lding was undergoing 
restorat i on and had recent ly been retrofitted with a hor i z ontal 
concrete bond or ring beam connect ing the hi storical outer wal l s  
with the newly reconst ructed adobe cross wal l s . Al s o ,  a new plywood 
sheathed roof we l l  anchored to the bond beam had been const ructed 
await ing inst a l l ation of roof t i les . 

The S anta Cruz Mission Adobe i s  atypically oriented with its 
long wal l s  running east -west and the reconstructed short wal l s  
al igned north-south . The wal l s  are const ructed o f  adobes 2 0  cm wide 
by 7 . 5  cm and 4 2 : 5 0  cm in length laid in Engl i s h  bond . They are 
82 . 5  cm thick with a height to thicknes s  rat io o f  2 . 6 6 for the l ong 
wal l s . The reconstructed short wal l s  suffered the greater damage , 
cracking diagonally with cracks forming "X" configuration s  in the 
wal l  expanses and cracking diagonal ly at the top of openings . What 
init ially appeared to be out -of-pl ane displacement turned out to be 
poor workmanship in the construction o f  the wal l s ,  the product of 
fai lure to al ign the courses vert i ca l ly . 

At the west end or short wal l ,  a pre-exi sting vert ical crack 
which had been repaired with Port land cement stucco in 1 9 6 6  widened 
and deepened, extending through the wal l  at the corner . At the s ame 
corner a wide vertical crack opened in the south long wal l ,  leaving 
an e s sent i al l y  f reestanding column o f  adobe which toppled in an 
afte rshock , cracking the bond beam on the west side . The upper 
port i on of the west short end wal l  moved outward hor i z ont a l l y  to the 
west beneath the bond beam leaning more than 10 cm from vert ical . 
The l ower port i on of the wal l  suffe red some out -of-p l ane damage with 
loss o f  stones from the foundat ion . 

Fact ors contribut ing to the instabi l ity o f  the west end 
include : 1 )  fai lure to properly repair the existing vert i cal crack 
at the corner ;  2 )  a later door cut into the west wal l  west face 
close to the corner;  3) unstable foundati on condit i on s  not 
completely remedied; 4 )  recent archaeological excavat ions very near 
the wal l ;  and 5) lack of vertical anchorage o f  the bond beam to the 
wal l . 

The gables confined between the ring beam and roof framing 
suffered l ittle damage . Some original mission period mud p l aster 
with Native American Graffiti l ocated high on a short gable wal l  
survived more o r  less intact . Also intact i s  a mud plastered 
surface decorated by I ndian neophytes on the interior o f  the long 
south adobe wal l .  Thi s surface was painstakingly re-adhered to the 
adobe wal l  by Constance S i lver and Nan Rosenthal in 1 9 8 7 . 



Figure 7. The Castro Adobe, 1990 

( \ 

\ 
Figure 8. Oamage from cocina ridge 
beam, the Castro Adobe, 1990 
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The l ong wal l s  a l igned perpendicular to the primary north-south 
direct i on o f  the earthquake mot i on were comparatively l i t t l e  
affected by the earthquake . Predictably,  they suffered narrow 
diagonal shear cracks at both exist ing and recent ly f i l led in door 
and window openings . Narrow , near vert ical cracks appeared on the 
exterior o f  the wal l s  marking the intersections with newly 
reconstructed interior crosswal l s . The original perimeter wal l s  
exhibit noticeably better workmanship i n  their construct i on with 
deep foot ings extending wel l  over a meter below grade and mudstone 
rubb le masonry reaching high above grade as we l l . They have been 
kept dry and roo fed, and have been l ittle affected by basal erosion . 

The response of the Santa Cru z Mi s s i on Adobe to the earthquake 
may have been improved by the recent removal of a unoriginal second 
story . That factor t ogether with the installat i on o f  a ring beam, 
the l ow height to thicknes s  rat i o  of the wal l s ,  the reconstruct i on 
of multiple cros s  wal l s  and the rigid roof diaphragm, contributed t o  
the bui lding ' s survival with only moderate damage . 

The Castro Adobe 

The Castro Adobe , ca 1 8 4 6 - 1 8 5 0 ,  the only two -story historic adobe 
structure in the county ,  is l ocated less than 5 miles from the 
epicenter o f  the Lorna Prieta earthquake . The wal l s  o f  both stories 
are a uniform 70 cm thick and the height-t o -thi cknes s  rat i o  o f  the 
long wal l s  is just over 3, calculat ing each story separatel y . The 
adobe s ,  35 cm wide by 7 . 5  in height by 70 cm in length, are laid in 
heading bond on shal low mud-mortared cobble foundat ions about a 
third of a meter deep . They are made of dark subsoil with straw, 
whi l e  the mortar is l i ght topsoil with considerable st raw admixed . 

The bui lding is oriented typical l y  with l ong wal l s  running 
north-south penetrated by numerous openings . The doors and windows 
are symmet rically disposed and aligned one above the other . The 
large columns of masonry between openings cracked diagonal l y  forming 
large "X" shapes . There are but two adobe cro s s  wal l s  on the l ower 
floor and none above . The second story i s  essent i ally one l arge 
room 9 by 24 m .  

North o f  the two story block, a one -st ory adobe cocina, or 
kitchen, was constructed against the north wal l  with an ove r s i z ed 
opening in the e ast long wal l .  Within the l ast 30 years the roof o f  
the cocina w a s  altered in seismically unsound ways . That i s ,  the 
roof rested direct ly on the east long wal l  but was rai sed about 1 0  
cm above the west long wal l  bearing on narrow adobe infill between 
short studs and was not anchored to either s ide wal l . During the 
earthquake , the roo f ' s mass i ve l aminated ridge beam rammed a hole 
into the midpoint o f  the two -story north wal l and cracked it 
vert ically through the wal l .  The roof moved as a uni t  about 1 5  cm 
north thrust ing out the west long wal l  and producing a vert ical 
crack at the northwest corner over 1 0  cm wide . The north gable end 
wal l  of the cocina suffered ma j or out -of -plane damage about a meter 
from the base . Finally,  a t iny pre-exist ing vert ical crack through 
the north gable end wa l l ,  where a corbel was inserted in the 1 95 0 s ,  
widened about 1 0  cm . With a ftershock s ,  the northwest corner and 
part of the north end wal l  became a freestanding column of adobe 
leaning outward . 

F o l l owing the 1 9 0 6  earthquake , the Castro Adobe had been fitted 
with wal l anchors at the first floor plate leve l ;  these performed 
we l l  in 1 9 8 9  preventing the col lapse of the second f l oor . Also,  a 
wooden t i e  beam had been embedded in the north wal l  penetrat ing the 
east and west long wal l s  at the midpoint o f  the second floor . In 
the 1 95 0 s ,  the historic roofing system wa s rep l aced by trus ses and 
the spongy second floor suspended from the bottom chords by steel 
rods through the f loor j o ists . 

In 1 9 8 7 ,  evidence of settlement of the south end of the 
bui l ding p rompted inst allat i on of a concrete grade beam to st abi l i ze 
the south gable end wal l  in situ, leaning more than 10 cm from 
vert ical at the apex . Wide welded steel straps were added extending 
about hal f  way around the structure at the t op of the f irst and 
second stories j ust below the plate , to anchor l ong wal l s . On 
October 1 7 , 1 9 8 9 ,  the upper port i on of the south gable end wal l  
col l apsed outward, tak ing the steel strap down with it . A wide 
vert ical crack opened in the south wal l  at the southwest corner and 
a hairl ine crack opened at the southeast corner . A diagonal crack 
(which had been repai red with expanded metal l ath on the exterior)  

widened in the west long wall at a doorwa y ;  other crack s ,  s imilarly 
repaired on the interior, re- opened and widened.  
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At the north end of the two-s t ory block, the long wal l s  cracked 
at the corners t o  beyond the wooden t ie beam, which proved o f  
dubious value . Both the l ong and short wal l s  cracked diagonally 
around doors and windows . A vent,  which had been opened through the 
wall without a header, exacerbated severe through-the -wal l  diagonal 
cracks . 

Much of the damage to the Castro Adobe was predictable and 
part ia l l y  the result of misguided intervent i on s : "new" openings 
without headers , a poorly de signed roof over the cocina, an i l l 
conceived t i e  beam, and a n  end wal l  "stab i l i z ed" out o f  vert ical . 
A s igni fi cant role was p l ayed by flaws inherent in the bui lding' s 
init i a l  construct i on : shal l ow foundat i on s  bui lt on f i l l ,  a paucity 
of cross wal l s ,  the use of heading bond, incompat ible mortar,  one 
and two-s t ory ad j o ining section s ,  l arge number of ope nings , their 
al ignment , inserted l oad bearing corbel s ,  etc . ,  etc . Cont ribut ing 
to the bui lding' s cont inued exi stence are the uniform wal l  thickn e s s  
of both stories ,  t h e  l ow height- to- thickn e s s  rat i o ,  t h e  t ying of the 
roof t ru s s e s  to the fi rst floor j o i s t s ,  the wal l  anchors , the north
south orientation of the l ong wal l s ,  the abs ence of any probl ems 
associated with moi sture , and the overall high level of mai ntenance . 

Conclusions 

The Lorna Prieta earthquake of 1 9 8 9  repres ents only the latest 
demonstrat ion o f  the destruct ivenes s  of s e i smic event s t o  
Cal i fornia ' s  Spani sh Colonial and Mexican earthen archit ectural 
heritage . I n  recent years several o'f the state ' s  rare adobe 
monument s have been devastated by earthquakes . San F ernando Mi s s i on 
church was who l l y  dest royed in 1 9 7 1 ;  Mi s s i on S an Gabriel and the P i o  
P i c o  Adobe ( a  St ate Hi storic P ark) were s everel y  damaged i n  1 9 8 7  
nece s s itat ing the i r  c l o sure ; and i n  1 9 8 9 ,  the Castro Adobe j o ined 
their rank s . 

None of thes e  historic adobe structures had been e ffect ivel y  
strengthened t o  withst and s e i smic event s of appreciab l e  magnitude , 
largel y  because of the high cost to retrofit an otherwise s ound 
bui lding to the standards of Cali fornia ' s  Historic Bui lding Code . 
The costs are great enough that thos e  respon s ib l e  for stewardship of 
historical adobe resources gamble with geology . They pray the cost 
of earthquake repairs and necessary st rengthening after a s e i smic 
event will not exceed that of pre-earthquake retrofitting . Thi s i s  
a gamble impos s ible t o  win i n  the l ong run and one that places 
Cal i forni a ' s  irreplaceable historical heritage at risk . 

Peru ,  Mexico and other Lat in American nations similarly 
affected by "mother" e arth' s movement s ,  and even more richly endowed 
with Spani sh Colonial earthen architectural masterpiece s ,  have 
as sumed the l eadership role in deve l oping s e i smic strengthen ing 
techniques for adobe structure s . These techniques have not been 
wide ly tested or accepted, much l e s s  wel l  understood, in C a l i forn i a . 
Engineers unfami l iar with them risk potent ial l os se s  of historic 
resources in the i r  misapp l i cat ion . Clearly, exi sting s e i smic 
improvement techniques suitable for historic adobe bu i ldings must be 
introduced in C a l i fornia and further research commenced t o  explore 
new methodol ogie s .  

I f  the status quo cont inues and a lternat ive effective and 
affordable means to achieve s e i smic stab i l i zation are not 
iden t i fied, tested, and adopted for use i n  the state, California ' s  
proud mi s s i on past wi l l  cont inue t o  be l o st one piece at a t ime : an 
end wal l  t oday , a gabl e  t omorrow, a dome , bel lt ower or vault the 
next day . 
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case s ,  descri bing each one ' s  
character�stics as well as the 
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PREVENCION SISMICA EN LAS CONSTRUCCIONES DE ADOBE , EN LA CIUDAD DE 
GUATEMALA DESPUES DE LOS TERREMOTOS DE 1 9 1 7- 1 9 1 8  

Marla Elena Molina 
1 a .  Calle Oriente No . 8 
Antigua Guatemala 

Introducci6n 

Guatemala es un pais que es constantemente at ectado por 
E stos han devastado su terri torio causando grandes 
materiale s .  Entre estas ultima s ,  las construcciones en 
severos danos . 

diversos terremotos . 
perdidas humanas y 
adobe , han sutrido 

Sin embargo , actualmente encontramos numerosos ejemplos de 
edificaciones en adobe que han logrado resistir satistactoriamente esta 
intensa act ividad sismica. Por 10 tanto , se hace necesario investigar y 
conocer sus caracteristicas construct ivas y tomarlas como experiencia para 
aprovecharla en la busqueda de alternativas de restauraci6n, consolidaci6n y 
reestructuraci6n de edit icaciones antiguas , 0 bien , para programas de 
vivienda nueva de bajo cos to.  Ademas ,  evaluar esta experiencia construct iva , 
nos permi tira argumentar en relaci6n a la idea err6nea y generalizada que el 
adobe es un material que debe ser desechado en areas de riesgo sismico . 

El presente es un tra bajo preliminar que nos inicia en el conocimiento 
y comprensi6n de los sistemas constructlvos utilizados en la arquitectura de 
adobe reali zada en la Ciudad de Guatemala despues de los terremotos de 1 , 9 1 7  
y 1 , 9 1 8 .  ( 1 )  

Estos sistemas constructivos constituyen un testimonio hist6rico del 
avance tecno16gico alcanzado en esa epoca , en las construcciones que preveen 
el riesgo sismico , cuya et icacia , actualmente puede ser evaluada mediante 
las respuestas de comportam�ento estructural observadas en es tas 
editicac�one s ,  despues del terremoto de 1 9 7 6 .  ( 2 ) 

No existe investigaci6n previa que haya tratado este tema . Por 10 tanto 
este estudio ha sido elaborado con limltada lnformaci6n hist6rica y a traves 
de o bservaci6n de campo por la ciudad de Guatemala. En esta se ldent�ticaron 
y o bservaron aquell�s construcc�ones que mues tran un sistema cons tructivo a 
base de adobe,  escogiendo cinco de los casos mas representativos y 
regis trando , mediante fotografias, Sus prlncipales caracteristlcas 
constructlvas . 

La epoca de const rucci6n de estas edit lcacione s ,  asi como los danos 
sufridos a causa del terremoto de 1976 , fueron establecidos a traves de 
entrevistas con los propietarios 0 usuarios de estos inmue ble s .  

Casos o bservados :  

Caso 1 

En este caso se pudieron o bservar las siguientes caracteristicas : 

Muros de adobe de 0 . 47  m .  de espesor , que funclonan como muros 
portantes de carga , detiniendo las crujlas principales de la vlvienda ( 3 ) .  

Los muros entre ambientes son ta biques construidos con adobe colocado 
de canto , de 0 . 15 m.  de  espesor,  reforzados con reg las de  madera y alambre 
espigado de hierro galvanizado , colocado en torma de retlcula diagonal al 
muro , con intervalos de 0 . 30 X 0 . 30 m. en ambas caras del mismo . 

Se utilizan varillas de acero de 1" de d�ametro , uniendo los muros de 
carga , ancladas por medio de pernos sobre placas de metal (ver fo togratia No . 
1 ) .  Estos tlrantes coinciden con los tabique s ,  quedando empot rados en el 
repello de una de sus paredes . 

Con respecto a la volume tria , las crujias prlncipales se encuentran 
conformadas por ambientes cubicos de 4 . 5  X 4 . 5 X 4 . 5  m .  

La cubierta a dos agua s ,  con pendientes d e  45% aproximadamente , con 
es tructura de madera cubierta con lamina de zinc . 

La tipoiogia es caracteristica de las casas senoriales de la epoca 
hist6rica en es tudio , con una planta en torma de E con dos patios interiore s ,  
uno inmediato a l  area de zaguan ( area d e  vesti bulo inmediata al ingreso 
principal ) ,  y el otro patio,  ubicado en la parte posterior de la vivienda 
inmediato al area del comedor ( espacio que sirve de divisi6n entre ambos 
patios ) ,  donde se encuentra ubicada el area de servicio , contormada por los 
cuartos de servidumbre , la cocina y la pila 0 lavadero . Como area de 
transici6n entre los patios y los ambientes interiores , se encuentra el 
p6rtico 0 peristilo que sirve de area de ci rculaci6n y vestl bulo entre tales 
espacios . 
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Condicion de la es tructura despues del terremoto de 1 9 7 6  

Se puede observar que l a  vivienda resistio aceptablemente el terremoto de 
1 9 7 6 . Los dallos suiridos , tales como grietas y desprendimientos de material 
en las cabezas de los muros y en los acabados ,  fueron reparados 
inmediatamente . Actualment e ,  sufre de terioro por falta de adecuado 
mantenimiento . 

Caso 2 :  

En este caso se pudieron observar las si�uientes caracteristica s :  

Muros d e  adobe e n  el exterior d e  l a  vivienda , reforzados con alambre de 
h1erro galvanizado , colocados en forma de reticula diagonal al mur o ,  a 
intervalos de 0 . 25 X 0 . 25 m. Es tos muros de ado be ,  se encuentran apoyados 
so bre un muro de ladrillos de mayor espesor , que se levanta a una altura 
aproximada de 0 . 70 m. sobre el nivel exterior del suelo ( ver fotogratia No . 
2 ) .  

Los tab1ques interiores , son muros livianos , const ruidos con un sistema 
especial , consistente en una estructura de parales de madera colocados cada 
0 . 30 m .  Es tos se encuentran cubiertos utilizando dos sistemas :  a) machiembre 
de madera; b) malla metalica cubierta con mezcla , repello y blanqueado , 
dejando vaci0 el inter10r del muro . 

La volume tria se encuentra contormada a base de espacios cubicos de 4 X 
4 X 4 m. , con una cubierta de dos aguas con pendientes de 45% , y lamina de 
zinc sobre es tructura de madera. 

La tipologia en este caso , varia con respecto a la acos tumbrada en 
este periodo post-terremotos 1 9 1 7-1B , ya que presenta asimetria en la 
volumetria . Ademas , cuenta con los dos patios interiores circundados por el 
portico 0 peristilo y posee un jardin exterior ,  que sirve de transicion entre 
la vivienda y la banqueta y calle publica. 

Condicion de la estructura despues del terremoto de 1976  

Se pudo apreciar que los  muros no presentan grietas , sino unicamente 
desprendimientos de material de acabados . El pro blema actual es una absoluta 
talta de mantenim1ento.  

Caso 3 

La construccion de este caso , es una vivienda popular ubicada en una zona 
periferica de la ciudad y presenta las siguientes caracteristicas : 

Muros exteriores de adobe , reforzados con reg las de madera en sentido 
horizontal y vert1cal . En sentido horizontal presentan una separacion de 
0 . 30 m. aproximadamente , en sentido vert1cal se encuentran colocadas a cada 
0 . 90 m. aproximadamente.  

La cubierta de  lamina de zinc sobre estructura de madera con una 
pend1ente de 30% a una sola agua . 

La altura es relativamente baja , 2 . 7 5 m. , con una volumetria en forma 
rectangular exteriormente.  No fue posi ble o bservar su conformacion interna. 

El  sistema constructivo utilizado en este caso es similar al 
en la arquitectura vernacular de las poblaciones rurales del 
guatemalteco . Este consiste en tabiques que se construyen 
entretej idos y barro (4 ) .  

Condicion que presenta la estructura despues del terremoto de 1 9 7 6  

utili zado 
territorio 

de palos 

'Carecemos de datos exac tos pero,  en base a la  observacion de campo , pudimos 
apreciar la ausencia de grietas . Los danos que presenta son en la cubierta , 
la cual · pareciera que se ha colocado provisionalmente .  Ademas se o bservaron 

. la perdida de los acabados en la parte inferior de los muros , asi como el  
deterioro de las piezas de madera debido a la  acci6n de los  insectos 
( termitas ) ,  (ver fotograiia No . 3 ) .  

Caso 4 

El sis tema empleado en este caso corresponde a inmue bles modestos , propiedad 
de personas de pocos recursos economicos ,  localizados en zonas perifericas de 
la ciudad de Guatemala . 

Entre sus principales caracteristicas podemos mencionar las siguientes : 

Los muros exteriores son de adobe colocado de canto , repellados 
rusticamente , reforzados con madera y alambre espigado , dispuesto sobre el 
muro en torma horizontal a cada 0 . 30 m.  Este muro de adobe se as ienta sobre 
un pequeno muro de ladrillo que se levanta aproximadamente 0 . 40 m .  sobre e l  
nivel d e  piso exterior , ( ver fotografia N o . 4 ) .  
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Una variedad de este tipo de muro la podemos apreciar en la totografia 
No . 5 .  

Estas viviendas tienen una volumetria exterior ,  en to·rma rectangular 0 
cuadrada , con ambientes interiores de pequefias dimensione s .  La altura es de 
aproximadamente 2 . 75 m .  y se encuentra cubierta con lamina de zinc sobre 
estructura de madera , a una agua , con una pendiente de 25% aproximadamente .  

Cond1ci6n despues del terremoto d e  1976 

En es tos casos no se observaron grieta s ,  sino unicamente deterioro en 
acabados exteriores y en las piezas de madera de refuerzo . 

Caso 5 

Durante el recorrido exploratorio , 
viviendas que utilizan en sus muros 
por ejemplo : 

se pudieron o bservar varios ejemplos de 
el ladri110 y el adobe alternativamente , 

tres hiladas de adobe y una hilada de ladrillo , 
una hilada de adobe y dos hi1adas de ladrillo . 

Los muros son gruesos de aproximadamente 0 . 45 m.  

La cubierta es de  lamina de zinc sobre estructura de madera , a dos 
aguas , con pend1ences de 45% . 

Su volumetria es tipica de las cons trucciones post-terremotos 1 9 17-
1 9 1 8 ,  donde predominan las plantas arquitect6nicas en forma de E y de F ,  con 
sus dos patios 1nter10res , el p6rtico 0 perist i10 , el zaguan , etc . 

Cond1ci6n de estas estructuras despues del terremoto de 1 9 7 6  

En realidad carecemos d e  datos suf icientes que nos permitan establecer con 
prec1s16n los danos que su!rieron estos inmue bles a causa de dicho terremoto.  
Sin embargo , los casos observados en el centro de la ciudad de Guatemala , 
mostra ban sus muros en buena condici6n , con excepci6n del deterioro en la 
parte in!er10r de sus muros , debido a la humedad . 

CONCLUSIONES : 

Las construcciones que despues de 1 9 1 7 - 1 9 1 8  uti1izaron el adobe redujeron la 
masividad de las edi!icaciones anteriores mediante la sustituci6n de las 
cubiertas de teja por cubiertas de lamina de zinc , asi como los muros 
inter10res gruesos que tueron sustituidos por tabiques delgados y livianos . 

Para construir estas viviendas ,  se uti1izaron los adelantos 
tecno16gicos de la epoca (mallas , placas , pernos , alambres galvanizados y 
tirantes de metal) que fueron aplicados para crear nuevos sis temas 
cons tructivos que perm1 tieran mejorar la resis tencia del adobe a los 
es!uerzos de tensi6n a causa de los sismos . 

La exper1encia const ructiva , que a grandes rasgos se encuentra 
concen1da en este primer estudio , nos muestra que las construcciones de adobe 
que !ueron reforzadas utilizando estos sistemas antisismicos , resistieron 
aceptablemente el terremoto de 1 97 6 ,  y ,  que las edificaciones de adobe que 
!allaron, en su mayor1a , carec1an de tecnicas constructivas antis1smicas 
complementarias 0 estuvieron sujetas a un deterioro previo por falta de 
mantenim1ento . 

En los casos estudiados , se puede apreciar el uso trecuente de 
materiales como la madera , el adobe , el ladrillo , y el metal . Es tos , en 
diferentes combinaciones , con!ormaron los sistemas constructivos antisismicos 
de la epoca. 

Es necesario continuar la investigaci6n de este tema 
constructiva antis1smica uCilizada en el pasado , la 
cons t i tuye una valiosa fuente del conocimiento para el uso 
del adobe en zonas de riesgo s1smico . 

de la tecnolog1a 
cual , ignorad� , 
y la conservaci6n 
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ABSTRACT 

This paper presents the 
conclusions from a 
demonstration proj ect 
designed to develop a 
procedure for stabiliz ing 
the walls of the pio Pi co 
Mansion Adobe of whittier 
Cal ifornia damaged by 
earthquake . 

Adobe wal l s  of the building 
were cracked by the 
whittier Narrows earthquake 
of 1987 , which left 
portions of the wal l s  loose 
and l ikely to become 
unstable in further 
earthquake shaking . The 
procedure cal ls for fill ing 
the cracks with mud that 
has been modi fied with l ime 
and fly ash for strength 
and hardness .  The mud is 
mixed to a fluid 
consistency and pumped into 
the cracks under pressure . 
The mud hardens to produce 
a material that has 
hardness , strength , and 
permeabil ity 
characteristics similar to 
the adobe and that bonds to 
the adobe . The material ,  
tightly filling the cracks , 
keys together the irregular 
surfaces on each side of 
the crack . This restores 
the interlocked effect of  
the original assembly of 
adobe bricks , stabilizing 
the wal l .  

KEYWORDS 

Repair, cracks , seismic , 
stabil ization , 
restoration , inj ection , 
earthen architecture . 

REPAIR OF CRACKED ADOBE WALLS BY INJECTION OF MODIFIED MUD 

Nels Roselund 
Kariotis & Associates 
7 1 1  Mission street , suite D 
South Pasadena , CA 9 1 0 3 0  

Location and History of the Pio pico Mansion Adobe 

The Pio pico Adobe is in the city of Whittier , Cal ifornia , about 
6 . 4  km ( four miles ) from the epicenter of the Whittier Narrows 
Earthquake of october 1 ,  1987 . It was original ly constructed in 
about 1850  by Pio Pico , Governor of Cal ifornia , as headquarters 
for his "El Ranchito . "  It is near the San Gabriel river, and was 
apparently damaged by flooding in 1867 -68 and again in 1 8 8 4 -8 5 .  
I n  1905 the building was intended for demol ition for materials 
for land fill for construction of a nearby bridge . A historical 
society was formed to save it ; the society then went on to 
conduct a restoration , 1907 to 1909 . The State of Cal i fornia 
took ownership in 1917 . 

It was poorly maintained until 1944 when a second 
restoration was started during which wal l s  were repaired , floors 
and wal l s  were replaced , and steel beams and tie rods were 
embedded in wal ls . This work continued until 1948 . A third 
restoration was begun in 1967 during which wal l s  and foundations 
were strengthened . 

The 1987 earthquake left the walls standing but extensively 
cracked . The Department of Parks and Recreation of the state of 
Cal i fornia is preparing for stabil ization and restoration of  the 
adobe . 

Description of the Building 

It is a U-shaped building divided by adobe partitions into 
thirteen rooms . It has a partial second story constructed of  
boards on sawn lumber j oists supported in pockets in the wal l  and 
a lumber- framed roof supported on the tops of the wal l s . The 
wal l s  and partitions are generally about 60 cm ( two feet ) thick ; 
there is one 3 0  cm ( one foot ) thick. partition . The wal l s  are 
about 3 0 0  cm ( ten feet) high in the first story . The gable end 
at the second story rises to about 2 4 0  cm ( eight feet) above the 
second floor . 

The 1 9 8 7  earthquake damage consisted principally of cracks 
in the adobe wal l s . Wal l s  in which steel beams and tie rods were 
found ( probably from the 1944-48 restoration) were cracked , but 
the most seriously cracked wal l s  appeared not to have been 
reinforced . There are signs of uneven settlement of the building 
probably related to floodings . The cracking patterns are 
generally vertical , indicated that , in general ,  the wal l s  
responded t o  earthquake shaking by rocking o n  horizontal planes , 
causing approximately vertical shear-related cracks near wal l  
intersections where adj acent wal l s  tended t o  restrain rocking , 
and approximately vertical flexural cracks at some distance from 
the intersections . Cracks extend through the wal l s  and outl ine 
blocks of loose assembl ies of adobe bricks and mud mortar . The 
rocking caused material to be eroded from the shear-related 
cracks as parts of the wal l s  moved relative to one another . The 
cracks with horizontal orientation ( on which the wall s  rocked) 
are generally closed by gravity . The generally vertical cracks 
vary in width from fine to as much as 2 . 5  cm ( one inch) or more . 
There are many cracks in the 0 . 6  cm to 2 . 0  cm ( one-quarter to 
three-quarter inch) width range . Some vertical cracks are at old 
repairs containing brick , packed soil pieces of adobe occurred , 
and other material s . Some vertical cracks are partly the result 
of separation due to failure of wal l s  to return to their original 
position after rocking , but most appear to be due to loss of  
material eroded by the relative movement each side of the crack . 

Anticipated Response to Earthquake Shaking 

The response of the wal l s  to earthquake shaking of the intensity 
of past earthquakes is basically stable . The wall s  rock safely 
at their base , l ightly restrained by the roof and floor 
diaphragms . Assembl ies of  adobe blocks and mortar , loosened by 
past shaking could be further loosened and shaken from the wal l s  
by future earthquake . If the loose assembl ies were stabil ized 
into the wal l s ,  reoccurrence of the shear-related cracks and 
flexural cracks could be expected during future earthquakes , but 
overall stabil ity of the wal l s  is anticipated . 
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The Demonstration Project 

The Cal ifornia Department of Parks and Recreation sponsored a 
proj ect to develop a means of stabili zation of the wal l s . The 
demonstration proj ect was conducted by Kariotis and Associates of 
South Pasadena , Cal i fornia . It was proposed to stabil i z e  the 
cracked wal l s  by inj ection of a fluid material into the cracks 
that would harden to a soil-l ike fill . The material would have 
to have properties of hardness , strength , and permeabil ity 
similar to adobe to be compatible . It should have insignificant 
shrinkage after placement , and it should bond to adobe . 

Samples of mud grout with various additional ingredients 
were mixed in small batches of about 9 kg ( twenty pounds ) .  Molds 
for casting mud samples were made by hand-compacting moist soil 
around a piece of 5 cm ( two- inch) diameter pipe held at the 
center of an approximately 15 cm ( s ix-inch) diameter cyl indrical 
metal can from which the top and bottom had been removed . When 
the pipe was removed , a cyl indrical mold of soil was formed 
measuring 5 . 7  cm ( two-one-quarter-inch) diameter by approximately 
15 cm ( six-inch-long) . The cyl indrical samples were cast by 
pouring the fluid mud into the molds . Accompanying puddle samples 
were also made by pouring mud onto a moist soil or visqueen sheet 
base . The samples were allowed to cure about four weeks . Then 
the cyl indrical samples were sawn in cross section through the 
can , mud sample , and mol d .  

In order t o  have a means of control l ing water content and 
evaluate consistency of fluid grout a simple flow-diameter test 
was used : grout is poured from a 5 cm ( two inch) diameter by 1 0  
cm ( four inch) cylinder onto a flat , smooth , imperious surface to 
make a roughly circular puddle . The puddle diameter is measured ; 
the average of two puddle widths measured perpendicular to each 
other , one of which is the maximum width , is cal led the flow 
diameter .  

The sawn samples were observed for shrinkage , hardness ,  
abrasion resistance , and permeabil ity . The puddle samples were 
observed for breaking strength . Shrinkage was evaluated visually 
by noting whether a crack formed at the perimeter between the 
sample and the mold . Hardness , breaking strength , and abrasion 
resistance were evaluated qual itatively by hand , comparing the 
samples with the soil mold material and with adobe in the wal l s  
of the building . Permeabil ity was observed by setting samples in 
a pan with shallow water , and the time required for saturation of 
the sample was compared with time for saturation of the adj acent 
soil mold . 

After the small samples were evaluated , and a mix for 
further testing was selected , larger samples were prepared for a 
test of the inj ection procedure . To be able to evaluate the flow 
of the fluid mud against adobe in a crack in the wall , a test 
frame was constructed to mount a panel of clear acrylic plastic 
against the surface of an adobe wall . Because of the irregular 
surface of the adobe wall , the space between the plastic panel 
and the adobe surface varied from zero to about 5 cm ( two 
inches ) .  The edges of the panel were sealed with wet newspaper , 
and mud was inj ected into the space between the plastic panel and 
the wal l .  The flow of the mud into the void was observed through 
the plastic . 

After the sample between the plastic panel and the wall  had 
cured , the panel was removed and the sample observed for 
hardness ,  breaking strength , abrasion res lstance , thickness of 
the leading edge of flow into thin zones of the void , and bond to 
the adobe . 

The Injection Process 

Mixed mud was transferred by buckets from a drum mixer to a 
holding tank with an agitator . The holding tank fed a Moina pump 
that forced the mud into a hose that del ivered the mud to a 1 . 3  
cm ( one-half- inch) diameter noz zle that was used to inj ect the 
mud into holes in the plastic panel . The pump was capable of 
developing 2 07 kPa ( 3 0  psi)  pressure . 

Results of the Demonstration Project 

In general the samples modified with various amounts of Portland 
cement and/or fly ash and lime had improved characteristics 
compared with the unmodified soil samples . Samples containing 
Portland cement tended to be harder,  stronger,  and less abradable 
than the adobe of the building . Samples modi fied with fly ash 
and l ime were made that had strength and hardness comparable to 
adobe , but were somewhat more easily abraded than the adobe , 



especially at surfaces exposed to the air during curing . Twenty 
grit s i l ica sand was added to some of the samples to try to 
improve abrasion res istance ; significant improvement was not 
noted . 

The unmodi fied soil samples had excessive shrinkage : cracks 
formed around the perimeter of the sample s ,  and they became loose 
in their molds . The modi fied mud samples in general showed no 
shrinkage ; except one sample developed a crack of about . 0 05 cm 
( . 0 0 2 - inch) width . A crack in the cross section of  one sample 
seemed to be due to the effects of sawing . 

Initial shrinkage of samples in the molds was observed 
within the first hour after placement . In most cases the 
shrinkage produced a depression of about 1 . 3  cm ( one-hal f  inch) 
in the center of  the top surface of the sample over the 15 cm 
( six-inch) depth of sample below . However ,  initial shrinkage of  
about 3 . 8  to 5 cm ( one-an-one-half to two inches )  occurred in 
three samples . Most of the samples were mixed in small  batches 
in a slowly rotating drum , but the samples exhibiting a large 
amount of shrinkage were mixed at high speed . S ince excessive 
initial shrinkage could be detrimental to fill ing cracks , slow 
mixing seems to be important , perhaps to avoid incorporation of 
excessive air into the mix . Too much water in the mix could also 
contribute to excessive shrinkage . 

Mud inj ected into the void between a plastic panel and the 
adobe wal l  flowed into spaces as thin as about 0 . 16 cm ( one
s ixteenth inch) . There seemed to be l ittle resistance to 
horizontal flow of the grout into spaces wider than about 0 . 3 2 cm 
( one-eighth inch) . A head of about 2 5  cm ( ten inches )  was 
developed above the inj ection noz z l e .  

After curing for about four weeks , the inj ected mud had a 
hardness comparable to the adj acent adobe and bonded to the adobe 
wel l  enough that when peeled from the wall , a thin layer of adobe 
came off with the sample .  The inj ected adobe samples had 
shrinkage patterns . Mixes that , indicated by excessive initial 
shrinkage , improper mixing procedures and water content , 
displayed shrinkage patterns that were j udged to be excessive . 
The mixes that had low initial shrinkage in the cyl indrical 
sample had a pattern of cracks on the wall  of  about . 01 cm 
( . 0 0 4 -inch) width between uncracked pieces about 2 . 5  cm ( one 
inch) in size ; shrinkage indicated by this type of crack pattern 
was j udged to be acceptable . 

Permeabil ity of the modi fied mud was compared with the 
adj acent compacted soil by placing the sample cross section in 
shallow water . Saturation times for soil and cured modified mud 
were virtually the same . 

The hardened grout has a smooth texture and is a very l ight 
grayish tan , in color . The l ightness of color is largely due to 
l ime in the mix . It is not comparable in appearance to adobes or 
mud mortars we have encountered . 

Conclus ions 

The mud inj ection procedure appears to be a good alternative to 
conventional crack repair methods such as rebuilding damaged 
wal l s ,  removing and resetting adobe blocks , or fill ing cracks by 
hand . Such methods are labor intens ive and require ski l l s  that 
are no longer common , especially in urban areas l ike Southern 
Cal i fornia . 

The use of l ime and fly ash as mud modifiers contribute 
beneficially to both the fluid mud and to the hardened fill  in 
the cracks . In the fluid state , lime gives the mud good water 
retention qual ities that will help maintain fluidity as it flows 
across adobe surfaces . Fly ash , consisting principally of minute 
bal l s  of glass , contributes lubrication properties to the fluid 
mud . Fly ash , a pozzolonic material , reacts chemically with l ime 
to form a cementicious component that improves the strength and 
hardness of the crack fill ing material and reduces shrinkage . 
The resulting material , being basically a soil material , has 
properties compatible with the adobe it is repairing . 
S ince the mud was observed to flow into approximately 0 . 16 cm 
( one-sixteenth-inch-wide ) voids behind the plastic panel , it 
should be expected that the procedure may be used to repair 
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cracks as small  as approximately 0 . 3 2 cm ( one-eighth inch) in 
thickness . Shrinkage was observed to be insignificant in the 5 . 7  
cm ( two-one-quarter-inch) diameter samples , indicating that 
repair of cracks of up to 5 cm (two inches)  in width may be 
appropriate . The crack patterns noted in the plastic panel 
samples indicate that water content and mixing procedures need to 
be strictly controlled to minimize shrinkage of the inj ected 
material , especially when wide cracks are being repaired . 

Improved abrasion resistance may be attainable i f  coarser 
sand or natural sand is used . However ,  use of  coarse sand will 
greatly reduce the l i fe of a Moino pump . 

Proposed Appl ication 

It is now proposed to use the inj ection of modified mud to 
stab i l i z e  the wal l s  of the pio Pico Mans ion . The stab i l i z ation 
proj ect will be conducted using a s ilty sand soil . The selected 
soil will be tested for suitabil ity for the proj ect by making 
modified mud samples to be evaluated for shrinkage and hardness . 
The test program for the selected soil will be conducted by 
making samples using packed soil molds as was done for the 
demonstration proj ect .  Proposed proportions by weight for the 
samples are as follows : 

• 6 0  parts soil 
• 20 parts s i l ica sand ( 2 0 grit ) 
• 18 parts fly ash (type F) 

2 parts l ime ( type S )  
water a s  required for proper consistency . 

Proportions by weight instead of volume are required because of  
the tendency of soil  to bul k .  

The wall  cracks have been mapped and inj ection locations have 
been designated on proj ect drawings . 

To augment the resistance of the wal l s  to shear-related 
cracks adj acent to wall  intersections , 1 . 9  cm ( three-quarter 
inch) diameter threaded fiber-glass rods , rod will be embedded to 
cross the intersections . The rods will be instal led 5 cm ( two 
inch) diameter holes dril led that will be pumped full of the 
modi fied mud . 

Proj ect specification are as fol lows : 

1 .  The speci fications for the test procedure are : 

a )  Prepare packed soil molds on the ground inside a 15 
cm ( six-inch-diameter) by 3 0  cm (twelve inch) high 
metal cyl inder of the type used for concrete 
compressive strength testing . The metal cyl inder shall  
have top and bottom removed . Form the mold with a 5 cm 
( two-inch) diameter standard pipe at the center of the 
cyl inde r .  Place moistened s o i l  in approximately 2 . 5  cm 
( one inch ) l i fts around the pipe . Tamp each l ift of 

the soil firmly with a rod of about 2 . 5  cm ( one inch) 
diameter . Build mold to a depth of 30 cm ( s ix inches ) . 
Finish the top of the mold to a level surface . Rotate 
and l i ft the pipe often to keep it free from the 
compacted soil surface . 

b) Mix grout in proportions and flow diameter to be 
tested . 

c )  Pour grout ioto the molds in three l i fts , puddl ing each 
l ift with a wooden stick . Top the sample with a 12 . 5  
cm ( five-inch) diameter puddle about 2 cm ( three
quarter inch) over the top of the compacted soil mol d .  

d )  The fol lowing day , note whether settlement of  grout has 
occurred . If the top surface of the puddle drops below 
the top surface of the mol d ,  there .is excessive initial 
shrinkage requiring correction of mix or mixing 
procedure before proceeding . 

e )  After twenty-eight days , saw the mold in sections 
without disturbing the sample and observe the packed 
soil -grout interface . A crack or separation between 
the sample and the packed soil is an indication of  
excess ive shrinkage after set , which shall  be corrected 
before proceeding . ( Be sure that an observed crack is 
not caused by the sawing operation . )  
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f )  

g)  

h)  

store sawn samples in a dry place at room temperature . 

Fourteen days after sawing compare the hardness of the 
sample with the hardness of the adobe at the building 
by scraping with a metal tool . Acceptable hardness i s  
equal t o  o r  sl ightly harder than the adobe . Adj ustment 
of the proportion of cementitious material ( fly ash and 
l ime ) to soil and sand may be required to achieve 
acceptable hardness .  The proportion of l ime to fly ash 
shall be kept constant . 
An acceptable grout mix shall  have the fol lowing 
characteristics as determined above : 

acceptable initial shrinkage 
no shrinkage after set 
acceptable hardness 
materials and procedures for making grout for the 
proj ect shall  be identical to those that produced 
the acceptable samples 

2 .  Specifications for the inj ection work are : 

a )  Mixing 
Combine the dry ingredients in a slowly rotating drum 
mix . Add fly ash and l ime to the soil-sand mixture . 
Mix until uniformly blended . Add water gradually . 
Test flow diameter when mixture reaches a uniform 
consistency . 

b)  Mixing time 
Grout not used within one hour after adding water shall 
be discarded . 

c )  Pumping 
Pump grout from a mortar pump with agitating hopper 
that is capable of developing a pressure of 3 0  psi . 
Pump through a flexible hose to a 1 . 3  cm ( one-ha l f
inch) diameter thin-wall metal tube noz z l e .  

d )  Consistency 
Cracks less than 1 . 3  cm ( one-half inch ) in width : 
14 . 6  cm ( five-an-three-quarter inch) flow diameter . 
Cracks 3 . 8  cm ( one-half to one inch) width : 1 3 . 3  cm 
( five-an-one-quarter-inch) flow diameter . 
Cracks 2 . 5  cm ( one inch) and greater in width : 
repointing consistency ; shall  maintain its shape and 
not flow when deposited by the noz zle . 

Flow diameter 
The measure of fluid grout consistency shall be 
measured as fol lows : 

Fill a 5 cm ( two-inch) diameter by 10 cm ( four-inch ) 
high cyl inder with grout . Pour the grout from the 
cyl inder from a height of 15 cm ( s ix inches ) onto a 
smooth plastic sheet on a flat surface to form an 
approximately circular sample . Measure the width of  
the sample on two perpendicular axes , one of  which 
shall be the maximum width of the sample .  The flow 
diameter should be taken as the average of the two 
widths . 

e )  Preparation of cracks 

1 .  Expose the full  length of the crack to be 
inj ected � Remove plaster and other obstructing 
material s ,  being careful not to disturb framing 
members . 

2 .  Remove accessible loose pieces of  adobe and mortar 
from the crack . 

3 .  Blow dust and small particles from the cracks with 
compressed air.  
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4 .  Caulk cracks on both s ides of wall with wet 
newspapers . Caulk in lengths of about 15 cm ( s ix 
inches )  between 1 . 3  cm ( one-hal f-inch) diameter 
openings . Press the wet newspaper into the cracks 
at a depth about equal to the cracks width . 
Alternatively , caulk with sti ff grout to which two 
parts Portland cement have been added . When caulk 
is hard , drill 1 . 3  cm ( one-hal f-inch ) diameter 
holes into the crack at 15 cm ( s ix inches )  on 
center . Use non-impact drill ing equipment . 

f )  Inj ection 
Inj ect each crack from one s ide of the wal l onl y .  
start from the bottom and inj ect into 1 . 3  c m  ( one
hal f-inch) diameter openings in sequence working up . 
Plug inj ected holes with wet newspapers . Flow of grout 
shall be observed from 1 . 3  cm ( one-hal f-inch) diameter 
opening on the opposite side of the wal l .  I f  grout 
does not appear on the opposite s ide of the wal l ,  the 
reason will be determined and corrected before 
proceeding . As grout flows from a hole on the opposite 
s ide of the wal l ,  the hole shall be plugged with wet 
newspaper. Proceed with inj ection until the crack is 
fil led with grout . 

g )  Newspaper caulking shall  be left i n  placed until grout 
has set (approximately two or three days ) . Remove 
newspaper caulking before the grout hardens 
(approximately seven to ten days . )  

h )  Clean-up 
Remove all  hardened spills and unused grout from the 
s ite and dispose of it legally . Leave floors broom 
clean . 

3 .  Specification for the threaded fiberglass rods are : 

a )  Fiberglass ,rods shall by 3/4 " diameter threaded rods o f  
glass fiber i n  vinyl ester resin ; Fibrebolt as 
manufactured by Morrison Molded Fiber Glass Company . 
Nuts shall be fiberglass . Washers shall  be galvanized 
standard cut steel washers . 

b )  Drill  holes for 2 "  diameter fiberglass anchors with 
non-impact tools .  

c )  Holes for fiberglass anchors shall be drilled after 
cracks in the vicinity have been inj ected and the grout 
has set . 

d )  Inj ection holes for fiberglass anchors shall  b e  1/2 "  
diameter and shall intercept the bottom o f  the hole 
into which the anchor is inserted . 

e )  Inj ection grout into the inj ection hole , fill ing the 
anchor hole and embedding the fiberglass rod in one 
operation . Plug the inj ection hole with wet newspaper . 
Remove the plug after grout has set and before it 
hardens . 

Further Research 

Wal l s  repaired by the proposed inj ection process have not 
been subj ected to in-situ testing , nor to actual earthquake 
shaking . A test program to evaluate how wel l  the method 
actual ly restores the integrity of repaired wal l s  would be 
an important next step . Future testing should focus on the 
effect the grouting process has on resistance to formation 
of shear-related cracks adj acent to wall  intersections as 
well as the effectiveness on restoring the bond of loose 
assembl ies into the wall . 
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ABSTRACT 

The author outl ines 
geograph i c  features o f  the 
Peruvian landscape 
previous l y  occupied by 
ancient civi l i z ations that 
left behind a substantial 
legacy o f  structure s made 
of e arth . The 3 0 0  years o f  
Spanish coloni z ation 
added to thi s  legacy . 

Thi s  paper presents an 
anal ysis of social and 
economic factors bearing 
on the survival o f  these 
structures over the last 
150 years . Five spe c i f i c  
interventions a r e  descr ibed 
and documented , with 
discuss ion o f  the 
theore ti cal ori entation and 
resul t s . Finally,  the 
experience of restoring 
archeo logical and col onial 
monuments made with adobe 
is summarized , with the 
re commendation that more 
research is needed on the 
preservation of the Andean 
mural paintings that 
adorn the wal l s  o f  adobe 
houses and churches bui l t  
duri ng the colon ial pe riod . 

KEYWORDS 

Earthquake damage , 
recon struction , 
restorat ion , improved 
adobe blocks , mural 
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Forta leza de Paramonga con s
truida con ti erra , en la cos 
ta peruana , antes de la lle= 
gada de los e spanoles . 

Construcciones de adobe de 
epoca I nca en el sitio de 
Tambo Col orado , con restos 
de p i ntura de vivos colores . 
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" CR ITERIOS Y TECNICAS DE RESTAURAC ION APL I CADAS EN LOS MONUMENTOS 
DE ADOBE EN EL PERU " 

Robe rto Samanez Argumedo 
M . S .  Arqui tecto 
Apart ado Postal 2 8 9  Cusco-Peru 

I ntroduccion : 

El Peru esta s i t uado en la parte central y occ ide ntal de America 
de l Sur , e n  un territorio e n  el que l a  Cordillera Andina presenta 
d i s t i ntos planos altitudinale s ,  con marcadas di ferencias de cl ima , 
topografia y vegetacion que determinan la existencia de un l i toral 
desertico , de valles i nterandino s ,  altiplanos y de se lva trop i cal . 
Grac ias a su cercania a la l i nea ecuator ial , l a s  partes altas de 
los Andes tienen cl ima s benignos que han permitido su ocupacion 
desde epocas muy antigua s . 

Los grupos humanos que ocuparon ese territorio desde hace diecio 
cho mil anos se adaptaron a sus condiciones geograf i cas , obtenien= 
do el mej or provecho de sus variados ecosi stema s y alcanzaron un 
alto grado de organi zacion y desarrollo tecnolog i co . 

El empleo de bloque s de tierra secado s al sol 0 tierra conf i nada 
y api sonada , con sti tuyo el procedimiento construct ivo mas ut i l i za
do e n  el Peru antiguo y 1 0  encontramos e n  l a  costa arida y sin llu 
vi a s ,  donde se combinaba la ti erra con canas y fibras 0 en las zo
n a s  l luviosas de l a  cordi l l era , donde exi ste abundante p iedra que 
se empleaba en la c imentacion de l a s  edif icac ione s . 

Desde 2 0 0 0  anos ante s de Cristo se l evantaron compl ej as edi f i ca
ciones de t ierra creando una arqui tectura monumental expresada e n  
piramides truncada s ,  templos y conj untos urbanos d e  g r a n  cal idad . 
Al producirse la conquista e spanola en el siglo XVI se introduj e -
ron cambios fundamentales en los a spectos tecnologi cos y cultura
les , pero se continuo construyendo con adobes , por ser este un ma
terial al que tambien e s taban habi tuados los europeo s ,  que 10 se
gui rian ut i l i zando durante los casi trescientos anos que duro el 
Virreynato del Peru . 

En el periodo que s i guio a la i ndependencia del dominic e spanol 
ocurrida e n  l a  primera mi tad del siglo pa sado y casi hasta la de
cada de los anos cuarenta del presente si glo , e l  adobe cont inuo 
si endo el material basico para l a s  edi f i caciones y en la actual i 
dad todavia representa l a  unica alternativa d e  baj o costo para que 
gran parte de la poblacion pueda construir sus vivi enda s .  

Las pr imeras i ntervenciones de res tauracion : 

Como en pocos lugares del mundo en el territorio descrito flo
reci eron numerosas civili zaciones y culturas que a trave s de los 
siglos dej aron un cuantioso l egado monumental , que deberia haber
se conservado celosamente para convert irse en un ej emplo de l a  
capac idad tecn i c a  y art i stica d e  l a s  generaciones pasadas y con s
tituir un hito de identidad para los peruano s .  S i n  embargo , por 
mucho tiempo ,  esa herencia del pa sado fue olvidada e incomprendi
da sin mere cer ninguna accion de proteccion . 

En la decada de 1 9 3 0  a 1 9 4 0  se e f ectuan los pr imeros trabaj o s  
para conservar los monumentos colon i a l e s  mediante i ntervenciones 
que denotan emp i r i smo y falta de cri terios adecuado s . Por 10 ge
neral s e  respeto poco l a  original idad de los materiales y s e  
pre f i r i o  l a  recon struccion antes que l a  restauracion . A raiz del 
terremoto que a fecto a la capital del Peru en 1 9 4 0 ,  caus ando 
cuantiosos danos en los monumentos religiosos y en la arquite ctu
ra c ivi l ,  se res tauro un numero importante de iglesias colon i al e s  
construida s con adobe· y e s tructuras l i geras d e  c a n a  y barro , que 
en su mayor parte habian s ide mod i f i cadas y remodeladas en el 
siglo XIX . En esos trabaj os la preocupacion se encamino a la re
cuperacion de l a  f i sonomia original de las f achadas e inter iore s ,  
sacrificando l a  autentici dad de los test imon ios e n  aras de 
reconstrucc ione s hi storici stas . 

A partir de la dec ada de los ano s sesenta se l l evaron a cabo las 
primeras labore s en los monumentos arqueologicos de l a  costa pe
ruana e ncaminadas a su reconstruccion , con el obj etivo de conser
varlos y sobre todo de permi tir que los vi s itantes perciban como 
fueron esos testimon ios ante s de su abandono y ruina . Los resulta 
dos fueron muy d i s cutibles y obj etados por los arqueologos porque 
se e f ectuaron compl etando los materiales originales de los edi f i 
cio s ,  s i n  contar c o n  l a s  evidencias que j us t i f iquen la reproduc
c ion de formas hipotet i ca s . 



Iglesia Jesuita de los De
samparados edi f i cada ·en 
1 6 7 0 , demol ida en 1 9 3 7 . 

Iglesia de La Merced en Li
ma , mostrando su aspecto neo 
clasico antes de la r econs: 
trucc ion de 1 9 39 . 

t 

Aspe ctos de la mi sma Iglesia 
reconstruida tomando como re 
ferenc ia grabado s y fotogra: 
f i as del siglo X I X .  
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S i tuacion actual y tareas futuras de conservacion : 

Por 10 general los planes y accione s estatales para conservar y 
recuperar el patrimonio monumental peruano , han s urgido a raiz de 
catastrofes como los terremotos que periodi camente dej an sent ir 
sus e f ecto s . Asi como e l  s i smo que afecto L ima en 1 9 4 0  determino 
las primeras obras de restauracion en las iglesias colon i al e s ,  f ue 
a raiz del terremoto que se produj o en Cus co en 1 9 5 0  que se conto 
con la primera mis ion que efectuaba la UNESCO fuera de su s ede , 
para ori entar la recuperacion del conj unto monumental . 

En 1 9 7 0  la c i udad de Truj i l l o  ub icada en el norte del pai s ,  fue 
dafiada por un nuevo terremoto y para contribu i r  a la recuperacion 
de sus monumentos se organiz� otra mis ion de la UNESCO que prepa
ro un conj unto importante de proyectos , re cogi endo los criterios 
contemporaneos de restauracion e introduci endo la modal idad del 
traba j o  interdi sciplinario . Con la creacion del Ins tituto Nacional 
de Cultura en 1 9 7 3  se organ i zaron las areas encargadas de la con
servacion del patrimonio hi storico y s e  encaminaron adecuadamente 
los criterios para la res tauracion . 

En ese periodo se recibio una importante part i c ipacion de la 
UNESCO para desarrollar un plan en la zona de Cus co por un periodo 
de s iete afios . Mas ade lante en el marco de un plan de desarrollo 
turi st ico que conto con fondos de un prestamo del Banco I nterame
ricano de Desarrollo se empe zaron los traba j o s  directos en los 
monumentos arqueologicos y colon iales incluyendo una amp l i a  labor 
de conservacion de bienes mueble s .  

L a  mayor parte de los monumentos intervenidos en esa epoca e ran 
de adobe y planteaban problemas nuevos que motivaron traba j o s  de 
inve stigacion para encontrar la tecnologia apropi ada , desarrollan
do criterios para interpretar las lesiones y e s tablecer los proce
dimi entos metodologicos para trabaj ar correctamente en ese tipo 
de estructura s .  Los resul tados fueron muy al entadores y determi
naron la creacion de cursos semestrales de capacitacion que , a su 
ve z ,  permitieron la pre sencia en Cusco de destacado s especialistas 
en la mate ria . 

Ese proceso tuvo el merito de permi tir una evolucion de los co
nocimientos y lograr que un conside rable numero de tecnicos y pro
fesionales compartan conceptos comunes con respecto a las teor ias 
y criterios de restauracion,  dej ando de finit ivamente las contro
vertidas ideas aceptadas hasta la decada de los afios se senta . 

En 10 relativo a la res tauracion de los monumentos historicos 
cons truidos con adobe , la experiencia que se obtuvo en esos afio s ,  
con los trabaj os real i z ados e n  Cus co , permite resumir los s iguien
tes principios bas i cos : 

_ En los monumentos h i storicos edi f i cados con adobe s ,  estos ele
mentos cons truct ivos tambien son test imon ios de la tecnologia 
original y son parte de la documentacion historica que debe 
conservarse en 10 posible , por 10 que la sustitucion del ma
terial en forma indiscriminada 0 la reconstruccion son prac
ticas que no se pueden aceptar . 

_ Al reemplazar los adobes deteriorado s como parte del proceso de 
res taura cion , necesariamente se debe mantener la homogene idad , 
10 cual excluye el uso de adobes estabi l i zado s . 

_ Es recomendable que para la res tauracion de edi f i caciones de 
adobe que aun es tan en uso , como los inmuebles coloniales y 
republi cano s ,  que demand an mayores requerimientos de e s tabil idad 
estructural , se util i cen adobes nuevos de dimensiones iguales 
a las de los originales pero fabri cados con tecnologia mej orada 
en sus caracte r i s t i cas mecani cas y f i s i cas . 

_ La preparacion de adobes mej orados para ser uti l i zados en reem
plazo de aque l lo s  cuya sustitucion es impre scindible , se hara 
mediante la sel eccion cuidado sa de los componentes y un adecua
do proceso de control de la elaboracion y secado . 

_ Antes de emprender un trabaj o de restauracion es impre scindible 
e stablecer un di agno stico para conocer los s i ntomas , la natura
leza y las caracteristicas de las e structuras afectadas . E s  por 
eso que adema s de la investigacion de las les iones y s ignos ex
ternos de deteri oro se debe intuir cual es la relacion entre 
causa y e f ecto , vislumbrando los remedios mas efi caces para 
anular l a  causa . 

_ E s  recomendable que las so luciones de consol idacion y refuerzo 
estructural se bus quen incorporando al ternativas locales y pro-



344 

Huaca del Drag6n en la cos
ta norte , reconstruida en 
1 9 6 3  completando muros y re 
l i eves . 

Palacio pre- I nca de Puruchu
co cerca de L ima reconstrui
do compl etando arbitrariamen 
te muros y techo s . 

Palacio de epoca Inca exis
tente en Yuca y  cerca de Cus 
co , restaurado con crite
rios adecuado s en 1 9 7 6 . 

I nterior del mi smo palacio 
mo strando l a  di ferencia en 
tre 10 original y 10 re- -
pue sto e squemati came nte , 
en base a las evidencias 
arqueologicas (a la dere
cha ) . 
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p i a s ,  pre f i r i endo la rna no de obra y los materiales tradic ionales 
exi stentes e n  el lugar . Excepcionalmente y cuando las condicio -
nes 1 0  j us t i f iquen se podra recurrir a tecnicas y materiales in
dustri a l i zado s . 

Aun conociendo l a s  causas que origi nan los danos en los monumen
tos de adobe , existe n  casos en que el di agnostico es complej o y 
no hasta el anal i s i s  matematico de los principios e structurales , 
s i no la i ntui c ion del espe c i a l i sta experimentado . Como esos e s 
pec i a l i stas s o n  escasos y s e  deben formar en 1 a  practica , e s  
conveniente e l  trabaj o d e  equipo c o n  l a  part icipacion d e l  arqui 
tecto res taurador . 

_ Por ult imo e s  fundamental tener en cuenta que no se puede part i 
c ipar e n  u n  proyecto y menos e n  una obra de restauracion , s i no 
se conoce a fonda que son y por que tienen valor l a s  edi f i cacio
ne s antigua s . La formacion y capacitacion espec i a l i z ada e n  10 
conceptual y pract ico , e s  indi spensable . 

<D RE n.lP\. ... ZO Y RU l.J(JItll:) O£ LA CIMENTACION 
T� POR TRAMOII Al..TD'lNAOO$ 

@ MII'uatZOS EN LOS DlNT!!:,,!:S O£ LOS VANOS 

Por 1 0  general e n  los monumentos que se i ntervinieron en la zo
na de Cusco y otros lugares del pais de sde 1 9 7 5 , se adoptaron las 
recome ndaciones antes mencionada s ,  cons iguiendo resul tados satis
factori0 3 ,  e j ecutando los trabaj os a part i r  del refuerzo de l a  c i  
mentacion , l a  consolidacion d e  los muros sustituyendo puntualmen= 
te los elementos danados , l a  co1 0cacion de " l l ave s "  de madera pa
ra re for zar e l  e ncuentro de muros y l a  adicion de dinteles mej ora 
dos en los vano s . 

S i n  embargo , l a restauracion de edi f i cac ione s antiguas construi
das con adobe s puede presentar casos de mayor comple j i dad , que no 
siempre pueden ser resuel tos a base de. los elementos c i  tado s ,  que 
son parte de la tecnologia tradiciona1 mej orada . En muchos casos 
los requer imientos para l a  nueva func ion de los inmuebles anti -
guo s , la seguri dad de los usuarios 0 de l a s  coleccione s museogra
f i ca s ,  obligan a tener e n  cuenta solucion e s  que sean mas seguras 
ante el riesgo s i smico . 

Deben aceptar se , por 10 tanto , alternativas que i ncorporen e s 
tructuras adi cionales d e  refuer zo , d e  diseno especial para que 
sean compatibles con las normas y principios de la res tauracion 
y que permitan garant i z ar las con strucciones con adobe e n  areas 
s i smi ca s .  

Se han exper imentado con exito estructuras de concreto armado 
o madera incorporadas a los muros de adobe mediante disenos e s 
peciales para evitar e l  dana d e l  material d e  refuerzo sobre los 
adobe s que en caso de s i smo , tienen comportamientos di ferentes . 

En el caso de los monumentos pre-hispanicos construidos con 
adobe s ,  que por su condicion de testimonios arqueo logicos no se 
restituyen a una funcion actual , los reque rimientos de conserva
cion han e stado e ncaminados a proteger los edi f i cios e n  forma 
decidida , aunque esto implica poner cubiertas temporales que 
nada tienen que ver con las originale s . 

Para me j orar la resi stencia de los adobe s ,  se han i ntroducido 
importantes avances tecni cos , apl i c ando emul siones acril icas con 
10 cual se logro endure cer e impermeabi i i z ar e l  material antiguo . 



Friso con f iguras en relie
ve en l a  c iudad pre-hi spani 
ca de Chanchan , tratado s -
con s i l icato de etilo . 

CORTE TRANSVERSAL o!""=�"""""� 

ELEVACION FRONTAL 

Bauti sterio de la iglesia 
de Orope sa durante el pro 
ceso de recuper acion de -
la pi ntura mural del s i 
g l o  XVI I , cubi erta c o n  e s  
tuco . 

L 
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Un espe c i a l i s ta de la Universidad de Tur in enviado al Peru por 
l a  UNESCO probo la apl i cac ion de un producto reminera l i z ante , el 
eter de acido s i l i c i co para reforzar los s i l i catos que se encuen
tran en l a  compo s i cion del barro , hac i endolo impermeable . E l  s i l i 
cato d e  e t i l o  se di suelve e n  al cohol y se caracte r i z a  por tener 
gran capac idad reticular y por 1 0  tanto se obti ene buena penetra
cion en frisos y muros . 

E s e  producto se ut i l i z� con exito para pre servar los adobes y 
morteros de barre de reve stimiento de monumentos arqueologicos en 
la zona de Cusco y en var ios s i tios de l a  costa peruana . 

Otro a specto que empezo a cobrar importancia en la decada de 
los anos s etent a ,  fue el de la con servacion de la p intura mural 
asociada a l a s  e s tructuras de adobe , tanto del per iodo pre-his
panico como de la epoc a  colonial . Grac ias al cl ima seco y arido 
de la costa peruana se han con servado importantes testimonios de 
pintura mural , en los s i t ios arqueologicos de Panamarca , Garagay , 
Paramonga y Sechin . Lamentablemente muchas de e l I a s  se deteriora
ron por haber l a s  dej ado al de s cubierto 0 porque fueron restaura
das empiri camente . 

Rel evamiento de la iglesia de Oropesa , cerca de Cus 
c o ,  construida a l  f inal de� siglo XVI . Conserva im= 
portantes pi nturas mural e s  de varios periodo s . 

Ma s abundante es la pintura mural exi stente en las iglesias co
loni ales , en especial en l a s  numerosas parroquias y capi l l a s  ru
rales situadas entre Cusco y el l ago Titi caca . Encontramos a l I i  
pi nturas renacentistas ej e cutadas entre 1 5 7 0  a 1 6 3 0 ,  con intere
s ante s tema s mitolog i co s ,  tambien p i nturas barrocas del Siglo 
XVI I y murales de fuerte influencia indigena pintados desde el 
S iglo XVI I I  hasta el inicio del s i glo pas ado . 

La profusion de pi nturas murales se expl ica por su ut i l i zacion 
como instrumento de cateque s i s  y por su valor didactico para in
cuI car l a  rel igion crist iana a los indigenas . La existencia de 
esas p inturas tambien en casas coloniales demue stra que se trata 
de una expre sion art i stica de gran aceptacion y difusion . 

Los estudios sobre la pi ntura mural son relativamente recien
te s ,  en particul a r ,  los referidos a las p inturas al templ e ,  po
l i cromada s ,  que se apl i can directamente sobre una base de prepa
racion enc ima de los enlucidos de barre que revisten los adobe s .  
Las re stauraciones que se emprendieron en Cus co a mediado s  de los 
anos setent a ,  introduj eron tecni cas de exploracion que permi tie
ron de scubr ir gran c antidad de p inturas cubiertas por capas pos
teriores y recuperarlas �ras paciente trabaj o .  

S i  bien se lograron buenos avances en e l  conocimiento de las 
tecnicas y componentes de l a  p intura mural , hab iendo se experi
mentado y probado diversos materiales y productos quimi cos para 
su con s01ida c ion , sera nece sario hacer un gran es fuerzo para 
emprender acc iones dirigidas a conservar las p i nturas mural e s ,  
que d e  otro modo desapareceran e n  pocos anos . 

La estructura social que permitia a las iglesias rurales contar 
con tierras de cul tivo para sufragar los gastos de su cui dado y 
mantenimiento des aparecio con la re forma agrar i a , quedando estas 
en el mas grave abandono , que esta produci endo su ruina acelera
da . 



Dramatico e s tado de conser 
vacion de la mayor parte 
de las igle sias decoradas 
con pi ntura mural . 

Las tecnicas que pueden 
ser correctas para la con
sol idacion de los muros de 
adobe , pueden afectar l a  
p intura mural . 

Es imprescindible pre ser
var l a  edi f i cacion anti
gua para salvar la p i ntu
ra mural que es parte de 
el la . 
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Lamentabl emente , por ahora , solamente se esta procediendo a in
ventariar las igl e s i a s ,  cap i l l a s  y casas con pi ntura mural , pero 
no existen recursos para su conservacion . 

Adecuada re stauracion y reintegra
cion de la pi ntura mural en Andahuay 
l i l l a s  y con sol idac ion prevent iva en 
el Mol ino de los I ncas , de Acomayo . 

Por otro lado , los trabaj os que en e scaso numero se vienen l l e 
vando a cabo p o r  organi smos e s tatal e s ,  para conservar algunas de 
e s a s  igles i a s ,  e s tan a cargo de tecnicos y personal que no tiene 
una idea cabal del a l t i s imo valor de estos tes timoni os . Obreros 
de re stauracion que conocen el trabaj o de consol idacion en los 
muros de adobe , a falta de adecuada or ientac ion , intervienen en 
muros p i ntados de l a  mi sma forma como 1 0  hacen en paramentos s i n  
p intura , ocas ionando danos irreparables . 

Const ituye pues , un reto para e l  futuro inmedi ato e studiar me
didas de proteccion para las p i nturas murales y metodos de in
tervencion que se adapten a las c i rcun stancias y no causen danos 
a ese tipo de expre s iones pi ctoricas . 

CONCLUS IONES : 

Lamentable i ntervencion reciente para 
reparar f i suras e n  el muro de adobe 
sin respetar la pi ntura . A la derecha 
se ven los danos en la pi ntura al re
parar la cubierta . 

Hemos senal ado brevemente , al iniciar l a  ponenci a ,  las espe c i a
les circunstancias geograf i cas que hicieron po s ible que en el Pe
ru antiguo se den grupo s humanos de " alta cultur a "  convi rti endo se 
en uno de los l ugares del mundo donde se desarro l l aron grandes c i  
vi l i zac ione s . E n  e l  d i f i c i l  territorio de l Peru e x i s t e n  al rededor 
de 5 0 , 0 0 0  s i tios arqueologicos y un numero menor , pero no menos 
importante , de test imon ios hi storicos de epoca colonial y repub l i  
cana . Gran parte d e  e s e  patrimonio esta e n  pe l igro de destrucc ion 
a falta de una pol i t i ca adecuada de di fusion y conocimiento de 
los valores prop ios y a l a  falta de acciones de defensa y conser
vac ion . 

A 1 0  largo de los ultimo s 1 5 0  anos de vida repub l i cana , parte 
de ese importante patr imon io cultural , por 1 0  general construido 
con adobe , ha s i de depredado y destruido . 



Salon con f r i so y arteso
nado p intado s ,  e n  l a  cas a 
del siglo XVI I de Don Fer 
nando de Ver a ,  e n  Cusco . 

Detalle de la p i ntura mu
ral re staurada cuidado sa
mente di ferenc iando l a s  
parte s re integradas de 
las origi nale s .  La res
tauracion , con a s i stencia 
de la UNESCO , concluyo 
en 1 9 7 8 . 
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S i n  embargo , la experiencia reciente en el campo de la restaura
cion de monume ntos de adobe e n  el Peru e s  import ante y puede ser 
muy ut il no solo para futuras i ntervenciones locale s ,  s i no para 
quienes busquen i nformacion para emprender tareas s imi l are s ,  pero 
a su vez los restauradores de monumentos y obra s  de arte de este 
pais requieren todo e l  apoyo y colaboracion de l a  comuni dad i nter
nacional , para pres ervar su patrimonio hi stori co . 

Uno de los rubro s mas necesi tados de accion i nmediata , por su 
caracter s i ngular y su gran valor hi stor i co , e s  l a  p intura mural 
andina del per iodo colonial que amerita el apoyo y el e s fuerzo 
de instituciones y tecnicos empefiados e n  l abores s imilare s ,  para 
evitar que prosiga su deter ioro y para sentar las bases cient i f i 
cas d e  su correcta conservacion . 
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ABSTRACT 

Thi s  paper provide s  an over
view of modi ficat i ons by the 
earliest adobe bui lders and 
de scribes present - day , more 
sophi s t i cated, s e i smi c 
strengthening systems . Af
ter the 1 9 6 0 s  s e i smic 
st rengthening systems were 
employed us ing a combinat i on 
of grade beams , column s ,  and 
bond beams . But when the 
State H i s t o r i cal Bui l ding 
Code was adopt ed in 1 9 7 6 ,  it 
al l owed systems that are far 
less dest ructive to h i s t o r i c  
fabric . Three examp l e s  o f  
structural st rengthening 
systems in h i s t o r i c  adobes 
since 1 97 5  are descr ibed . 
The fi rst exampl e  document s 
a high- impact system ( now 
out-moded and p o s s ibly un
necce s s ary ) . The other two 
examples ut i l i z e  s y s t�ms 
that rely primarily on the 
concrete bond beam . The 
Sant a Cruz M i s s i o n  Adobe 
restorat ion ( a  bond beam 
system) was put to the test 
during the 1 9 8 9  e arthquake 
and performed we l l . The 
evidence in t h i s  pro j e ct 
support s the hypothe s i s  that 
a structural system con s i st 
ing o f  a bond beam i s  suffi
ci ent t o  withstand moderate 
to severe e arthquakes . 

KEYWORDS 

Sei smic st rengthen ing, ret 
rofit , adobe preservat i o n ,  
h i s t o r i c  architecture , 
earthquake s ,  C a l i forn i a  mis
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c=:J ZONE 1 Minor Damage 
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- ZONE 4 Major damage and 
with proximity to 
certain major fault 
systems 

Rgure 1 .  Spanish mission locations 
superimposed on seismic risk map (Seis
mic information from BOCA National 
Building Code, 1987). 
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SEISMIC STRENGTHENING OF HISTORIC ADOBE BUILpINGS IN CALIFORNIA: 
AN OVERVIEW 

Gil Sanche z ,  FAIA, and D aryl Al len 
Gi lbert Arnold S anchez Architect Inc . 
3 0 2 2  Glen Canyon Road 
Sant a Cruz , Cal i fornia 9 5 0 6 0  

Running paral lel with the development of adobe bui lding i n  
Cali fornia i s  a history o f  periodic destruct i on b y  earthquakes .  The 
use of adobe as a bui l ding material was introduced into Alta (upper) 
Cali fornia by the Span i sh Crown . The chain o f  Franci s can m i s sion 
sett lement s that extend northward from Ba j a  Cal i forni a  are located 
in an area which coinc ides with what is t oday des ignated on the 
sei smic ri sk map as Zone 4-the area of greatest damage and area 
closest to ma jor earthquake faults ( see fig . 1 )  [ 1 ) . Dest ruct i on by 
seismic forces was a t remendous threat to the e arly builders o f  
adobe mission and ranch bui lding s ,  as the results o f  years o f  
painstaking l abor could be de stroyed i n  seconds . 

A great earthquake which struck in 1 8 1 2  in southern Cali fornia 
affected m i s s i on s  from as far south as San Diego t o  a s  far north a s  
Mis s i on La Puris ima in central Cali fornia . Fr . Lui s  G i l  and Fr . 
Marcos Ame stoy o f  Mi s s ion Santa Barbara wrote in the i r  annual re
port , "In the terrible earthquakes of December 2 1 st and the days 
foll owing, the mission was considerably damaged, nece s s it at ing a 
care ful in spect i on and somewhat extens ive repai rs . "  [ 2 )  Di stressed 
report s similar t o  the above are repeated over and over in the an
nual reports of the Franci scan father s . 

As a result o f  the 1 8 1 2  earthquake a bel fry and a roo f  o f  the 
stone church at Mi s s i on San Gabriel ( known as S an Gabriel de los 
Temblore s )  collapsed [ 3 ) and the Great St one Church with vau lted 
ce i l i ngs at San Juan Capistrano was in ruins a fter only six years o f  
use [ 4 ) . The adobe church at Mis s i on San Buenaventura was damaged 
by earthquakes in 1 8 0 0 ,  1 8 0 8 ,  and a new church under construct i on 
was damaged by the 1 8 1 2  temblor requi ring repai r  work and modi fica
t ions t o  the bui lding de sign [ 5 ) . 

In central Cali fornia in 1 8 2 5 ,  an earthquake with many a fter
shocks battered the miss ion church at Mi s s ion S anta Cruz . Due t o  a 
lack o f  worker s ,  it was never adequately repaired and when a ma j or 
earthquake struck in 1 857 , the church, by then de scribed as " in ru
ins , " was de stroyed [ 6 ) . To the north at Mi s s ion San Jo se,  a new 
adobe church was under construct i on in 1 8 0 8  when an earthquake 
struck the S an F ranc i s co Bay Area . Because of this quake and its 
a fte rshoc k s ,  it was decided to construct a l ow be l l  t ower instead of 
the tal ler one originally p l anned . Thi s miss ion church had adobe 
side wal l s  9 m ( 3 0 ft . )  high and 1 . 5  to 2 . 7  m (5 to 9 ft . )  in thick
ness with mas s ive butt resses . An enthusiastic French priest 
"improved" the s imple church bui lding by removing the buttresses and 
cutt ing t a l l ,  Gothic-in fluence windows . This modi ficat ion no doubt 
contributed to the inabil ity of the church wal l s  to res i st lateral 
mot i on when a ma jor quake rolled through the area in 1 8 6 8 . The 
church was dest royed [ 7 ) . In the Los Ange les area , the church at 
Mi s s i on San Gabriel i s  present ly cl osed due to damage from an 
earthquake in 1 9 8 7 . 

Adaptations Developed to Withstand Earthquake Forces 

The earliest adobe bui lders on the Cali fornia coast , educated 
through trial and error ,  underst ood the ir material we l l  enough t o  
make the fol l owing adapt at i on s  t o  improve resistance t o  sei smic 
forces : 

A rat i o  o f  wall thi cknes s  to wal l height o f  1 to 5 was typically 
maint ained . For example,  a 9 m high wall would be bu ilt 1 . 5  m in 
thicknes s  [ 8 ) . 

Openings in wal l s  such as doors and windows were kept smal l  and 
to a minimum . 

Bel l  t ower s  and bell wal l s  were o ften bui lt l ow ,  not extending 
above the roo f .  

Large stone o r  adobe buttresses were bui l t  t o  brace l ong wa l l s  or 
corners , such as at Mi s s i on La Puri s ima and at Mi s s i on San Jose 
church . 



Rgure 2. Mission San Juan Bautista, 
Convento Wing. View of damage after the 
1906 earthquake. (Photograph from San 
Juan Bautista Historical Society) 
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Aft e r  the demi se o f  the mi s s i on system in the 1 8 3 0 s ,  many of 
the mi s s i on st ructures fel l  into di suse or were relegated for ut i l i
tarian purposes such as storage rooms or stables .  Little interest 
was shown in these aging relics unt i l  a ft er 1 9 0 0  when act ivity which 
was primar i l y  reconstruct i on occurred at 5 or 6 mis s i on s ites in the 
state ( 9 ) . 

On t he crest o f  renewed interest in the restorat i on o f  historic 
adobes aft er the 1 9 6 0 s ,  architects working with structural engineers 
devised s e i smic strengthening methods t o  sat i s fy bui l ding o fficials 
and owners of the bui ldings . A serious drawback t o  the early types 
of structural s y st ems which employed grade beams , vertical column s ,  
and bond beams w a s  the i r  great impact upon historic fabric . 
Howeve r ,  at the t ime ,  both public o fficials and de s ign pro fes sionals 
were understandably caut ious about the s a fety of the public in 
bui ldings constructed o f  archaic material s .  Case studies fo l low 
later in the art icle which describe early seismic strengthening sys
tems des i gned by the authors '  firm .  

The Development of the State Historical Building Code in California 

Work on formu lat ing a code to e stab l i sh acceptable sa fety standard s ,  
while recogni z ing t h e  unique qualities o f  historical structures ,  had 
begun in 1 9 6 3  with recommendat i ons from the Cal i fornia Landmarks 
Advi sory Committ ee . The Committee expres sed a need to protect pub
lic health and s afety with a new bui lding code that a l s o  o ffered 
"enough flexib i l it y  t o  al l ow restoration of a historic feature whi l e  
st i l l  reta in ing i t s  hi storic integrity . "  The Department o f  Parks 
and Recreat i on working together with the Office of the State 
Architect developed st atewide input into a draft bill which passed 
the legisl ature in 1 97 5 . The bill ( SB 9 2 7 ,  Mi l l s )  became e ffective 
January 1 ,  1 97 6  [ 1 0 ] . 

When Clarence Cu l l imore , Jr . o f  the Office o f  the Stat e  
Arch itect was called upon t o  prepare the Adobe sect i on o f  t he State 
Historical Bui lding Code , he drew upon the experience of his father, 
Clarence Cul l imore , Sr . The senior Cul l imor e ,  an architect pract ic
ing in Bakersfie ld, Ca l i forn i a ,  in the 1 9 2 0 s  and 1 9 3 0 s ,  had des i gned 
and bui lt some two hundred new adobe bui l dings which emp loyed the 
use of the concrete bond beam (or tie or collar beam) t o  encircle 
the wal l s  at the t op . A concrete bond beam reinforced with steel 
reinforcing bars acts as a band to stab i l i z e  wa l l s  as it re ceives 
the weight of the roof ( and s e i smic force s when they occur) and dis
tributes the load even ly,  pass ing it down through the wal l s . The 
roof structure is attached to the bond beam so that it w i l l  not be 
displaced during wal l  movement from seismic forces [ 1 1 ] . 

In addit ion, Cul l imore , Jr . had first-hand knowledge o f  an 
early bond beam ret rofit to an hist orical adobe in Long Beach, 
Cali fornia-Rancho Los Cerritos-which had undergone a strong 
earthquake . L .  T .  Evans,  st ructural engineer ,  had de s i gned a bond 
beam ret ro fit for both the two-story residence and the one- story, 
1 4 0  feet l ong wings in a remodel o f  the 1 8 4 4  ranch house in 1 93 1  
[ 1 2 ] . In 1 93 3 ,  two years l ater ,  an earthquake measuring 6 . 3  on the 

Richter Scale spread destruct ion throughout the Long Beach area . 
The wal l s  o f  many unre inforced brick buildings fe l l  into the 
street s . When Cl arence Cull imore , S r .  inspected the adobe st ructure 
after the quake , he was pleased to find t he adobe ranch house prac
tically unscathed . A few cracks were obs erved where the one-st ory 
wings had racked against the two-story section, and there was a 
crack over the front door . But there were virtual ly no cracks at 
all in the one- st ory wings and the two- story ma in sect i on ( 1 3 ) . 
This " fi e l d  test ing" veri fied that wal l s  strengthened with bond 
beams coul d  indeed withstand moderate earthquake s .  
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Rgure 3. The Peralta Adobe, ca. 1800. Restoration and seismic strengthening completed in 
1975. At this time, both vertical and horizontal concrete supports were required. Gil Sanchez, 
FAIA, architect. 

Case Studies of Seismic Strengthening TechniQ;ues 
Thi s art i c le wi l l  not attempt to document every st rengthening method 
employed in the stat e ,  but w i l l  out l ine those techniques which are 
most fami l iar-those designed and constructed by the authors of thi s 
art icle . 

I n  1 97 3 ,  one o f  the present authors was retained by the City o f  
San Jose t o  rest ore the Peralta Adobe , a simple one-story res idence 
bui l t  before 1 8 0 0  which is the only extant structure from the Pueblo 
de S an Jose [ 1 4 ] . Because this was prior to the adopt ion o f  the 
Historical Bui lding Code and since the Uni form Bui lding Code of 1 97 0  
gave little o r  n o  ment i on o f  construction us ing unfired masonry 
unit s ,  st ructural engineers at the t ime could a s s ign no value at a l l  
to t h e  load-bearing ab i l ity o f  unstabi l i zed adobe wal l s . There fore , 
it was cons idered nece s sary to des ign a structural system which by 
itse l f  cou ld support the roo f ,  with adobe wal l s  being treat ed s imply 
as infi l l . 

For the P e ralta Adobe proj ect , Ken Yuen, structural engineer , 
designed a system o f  steel reinforced concrete grade beams , columns ,  
and a bond beam a t  the roof l ine ( see fig . 3 ) . Adobe bricks were 
removed at a l l  four corners of the bui lding to al low for pouring the 
vert ical concrete columns . At the base of interior and exterior 
wal l s ,  cont inuous stee l - re i n forced concrete footings (grade beams ) 
were place d .  At the t op o f  the wal l s ,  a reces s  was e xcavated into 
the adobe material for pouring the continuous bond beam around the 
perimeter of the bui lding . Vert ical columns we re t ied into the 
grade beam and bond beam so that , in theory , the concrete structural 
elements would cont inue t o  support the roof and provide for human 
safety even i f  a l l  the adobe wal l s  were t o  collapse during an 
earthquake . Al l new structural work was concealed behind adobe and 
mud plaster, so that it could not be detected visual ly . 

The disadvantage o f  this type o f  st ructural system, part i cu
larly for such a smal l  bui lding ( 1 2 . 8  m x 6 m) , is the disturbance 
to the historic adobe wal l s . This stab i l i z ation i s  what Randolph 
Langenbach would descr ibe as a "Vietnam approach , "  in which the 
bui lding i s  pract i cal l y  dest royed in the name o f  "saving" it [ 1 5 ] . 
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Rgure 4. Mission San Juan Bautista Church, 1803- 12. Restoration (supervised by Harry Downie 
1975-78) included side aisle reconstruction by Michael Taylor, general contractor, and main roof 
reconstruction by Gil Sanchez, FAIA, architect. 

seismic Stren�thenin� and Roof Reconstruction at Mission San Juan 
Bautista 

Thi s  pro j e ct was begun under the direct i on o f  Harry Downie and the 
Cathol i c  D i ocese of Monterey and cons isted of reconstruct ing exte
rior church wal l s  which had been lost due to damage i n  the 1 9 0 6  
earthquake . I n  the original const ruct i on the wal l s  between the nave 
and s i de a i s l e s  were pierced with an arcade of arche s ,  but they were 
soon f i l l ed in with adobe t o  become solid wal l s  [ 1 6 ] . 

The first portion o f  the work was carried out in 1 975 (by 
Michael Taylor,  gener,al cont ractor) which included install ing a re
inforced bond beam at the t op of the newly constructed exterior 
wal l s . After the Historical Bui lding Code came into u s e ,  unstabi
l i zed adobe wal l s  could now be considered as l oad bearing wal l s  and 
less structural work was deemed neces sary . In addit ion to removing 
thick concrete buttresses (bu i l t  after the loss of the exterior 
wal l s )  and early adobe s placed t o  fill the arched opening s ,  epoxy 
was inj ected into each mortar j o int of the arches for extra fort i fi
cat i on [ 1 7 ] . 

The present author (G . S . )  was called in to solve the problem o f  
a sagging c e i l ing framing system i n  the church ( see fig . 4 ) . The 
original s ystem des i gned with beams and a king post was exhibit ing 
exce s s ive de flect i on . The historic system was documented and re
moved and a new system was designed which was connected t o  the new 
bond beam . A new roo f was installed over the church nave and side 
aisles and the historic roof t i les were reinstal led . The mission 
bui l dings sustained no damage during the October 1 7 ,  1 9 8 9  
earthquake , but for some reason which i s  a s  yet unexp lained, the 
earthquake shocks a l so bypassed the little town of San Juan 
Baut ista . 

Seismic Strengthening and Restoration of Mission Santa Cruz Adobe 

Thi s  adobe bui lding owned by the State o f  Cali fornia i s  the only 
structure remaining from the original Santa Cru z miss ion complex . 
It was bui lt in 1 8 2 2 - 2 4  to house native American fami l ie s . After 
several years o f  historical research and archae ological invest iga
t ion to document historic fabri c  and determine const ruct ion detai l s ,  
the pre sent author was retained by the State t o  prepare construct i on 
document s for a restorat i on back to its miss ion period appearance 
[ 1 8 ]  . 

For s e i smic strengthening, it was decided t o  instal l  a concrete 
bond beam at the t op of all perimeter wal l s  and all cross wal l s  at 
the plat e l ine . The bond beam was de l iberate ly not keyed in to the 
wal l  so that the adobe wal l s  could flex i f  needed beneath the rigid 
beam . Cross wal ls that had been removed through the years were re
constructed in their historic l ocat ions and keyed in at the corners . 
The adobe cross wal l s  extended upwards to the ridge o f  the roo f and 
the ,ridge and roo f  beams rested on these adobe wal l s . To better 
dist ribute the weight of the roof beams , rein forced concrete seats 
were instal led at the locat i on where the beams rest on the adobe 
cross wal l s . These were not connected to the bond beam beneath them 
but were l e ft " fl oating , " supported only by adobe ( se e  fig . 5 ) . 
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Figure 5. Mission Adobe at Santa Cruz Mission State Historic Park, 1822-24. Restoration and 
seismic strengthening with bond beam. Project included reconstructing four cross walls which 
had been removed. Gil Sanchez, FAIA, architect. 

The structural work at Mi s s ion Santa Cruz repre sent s a system 
in which the adobe wal l s  are a l l owed to take the ful l  stresses o f  
the roof l oad; i t  a l s o  recognizes the abi l ity o f  the thick adobe 
wal l s  to absorb energy from seismic shock . Randolph Langenbach sug
gest s ,  in his des cript ions of vernacular const ruct i on in Ka shmi r ,  
Indi a,  that a l ack o f  rigidity may b e  a posit ive fact or t o  withstand 
earthquake force s . Speaking o f  historic bui ldings in Kashmir that 
have survived numerous earthquakes he state s ,  "Because of the primi
t ive materials and means of const ruct i on in Kashmir (masonry and 
t imber runners combined) , st rength was not possible, so flexib i l it y  
was nece s s ary" [ 1 9 ] . 

The seismic st rengthening work at Mi s s ion Santa Cruz was tested 
on October 1 7 ,  1 98 9  when an earthquake measuring 7 . 1  rocked the 
area . Although the re storat ion had not been fu l l y  completed at that 
t ime , a l l  st ructural reinforcing was in p lace including structural 
plywood at the roo f .  Thi s adobe-the oldest bui lding i n  Sant a Cruz
survived the event extremely wel l ,  in contrast to many unreinforced 
brick bui l dings in the downtown area which were damaged beyond re
pair . As could be expected, the shorter cross wal l s ,  l e s s  flexible 
than the l ong side wal l s ,  exhibited ten s i on cracks in the "X" pat
tern [ 2 0 ]  and cross wa l l s  which were pierced with door openings were 
cracked more severely than s o l id ones . The long side wal l s  of the 
mi s s i on were vi rtual l y  uncracked . One end wal l  of the mission 
bui lding was s l ight ly displ aced, moving a few inches outward from 
under the bond beam at the p late l in e ,  but it was determined that it 
could be j acked back into plumb position . Subsequent repai r  work 
con s i sted of in j ecting cracks with a mix of mud mortar and fly ash, 
in addition t o  j acking one end wal l . Fiberglas rods were inserted 
at an angl e  at damaged building corners and wal l  intersect i on s . 
Compared with the heavy losses to historic bui l dings in Sant a Cruz 
from the 1 9 8 9  quake , this repair work can be cons idered minimal . 

Conclusions 

Seismic act ivity has threatened adobe bui ldings s ince the int roduc
t i on of the buil ding t ype into Cal i fornia . In the 1 9 7 0 s  highly 
rigid seismic st rengthening systems with co lumns support ing the roof 
were thought t o  be nece ssary for publ i c  safety . After the 
Historical Bui lding Code was adopted, sei smic st rengthening systems 
ut i l i z ing only a bond beam were encouraged . In terms o f  preserva
t ion , this system is much more favorable because it destroys less 
historic fabri c .  The Santa Cruz Mi ssion Adobe , a one -story st ruc
ture st rengthened only by bond beams at perimeter and cro s s  wal l s ,  
was " field t e sted" i n  tb..e October 1 7 ,  1 9 8 9  earthquake and performed 
exceedingly we l l . The evidence in this example supports the hypoth
esis that a st ructural system con s i st ing primar ily of a bond beam 
(whi ch a l l ows for some wal l  movement ) is suffic ient to withstand 

moderate to severe earthquake shocks . 
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ABSTRACT 

This study consisted of 
identifying the 
constructive methods 
using adobe and a hand 
operated block press . 
The thermic 
characteristics of adobe 
were analyzed and show 
that using adobe wal l s  
with high thermal inertia 
it is possible to provide 
comfortable internal 
temperature . 
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ADOBE 
Mud brick dried in the 
sun . 
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The technol ogies that use earth as building material for domestic 
architecture have been used in Brazil from the time of their 
discovery unti l  the present . The Portuguese and Africans brought 
their constructive methods , called adobe and pise . By integrating 
them with those used by natives of Braz i l ,  they developed another 
method called "taipa" or "pau-a-pique" (wattle) . 

Whol e  cities in Brazil--Ouro Preto , Diamantina , Sao Joao del 
Rei and others--were constructed using earth technologies . The 
preserved buildings of these cities indicate that with sound 
construction methods , careful selection of earth , together with 
proper protection of the wal l s  from erosion by storms , this type 
of construction is capable of lasting for centuries . 

These technologies were used intensively in Bra z i l  until the 
coming of D .  Joao VI , and the royal family to Rio de Janeiro . At 
that time , with the opening of the ports to " friendly nations , "  
English materials such as Portland cement and glass came to be 
used indiscriminately . 

with the advent of modern architecture and the international 
style , materials such as glass , steel , and concrete became 
symbols of "status" and modernity . 

The oil and energy crisis of 1973 brought about a 
reevaluation of these modern material s ,  which are produced at a 
high cost of energy and resources . Engineers and architects who 
were interested in building comfortable houses at l ow cost had to 
look in other directions . 

As a result , research began into the use of those older 
technologies that adapted so well  to local cl imate and culture . 

stil l ,  the biggest problem in a country l ike Bra z i l  is that 
people prefer imports from foreign countries because they have 
more "status . "  Earthen architectural systems are considered to 
be the lot of the poor who have no other choice . People do not 
see that building with earth is a good alternative in a country 
l ike Brazil because it is wel l  adapted to the local climate and 
social conditions . Because of these misconceptions , it becomes 
more and more difficult to find builders who know how to select 
the soil and are knowledgable about the constructive method . 

Adobe is one of the technologies that continues to be used 
because of its simplicity . The first part of this study provides 
an overview of the whole process , based on data obtained from 
many cities in northern Minas Gerais where these technologies are 
sti l l  used . Through personal contacts , photographs , and by 
participating in construction , it was possible to identify the 
principal elements in the adobe constructive method . 

Adobe or mud brick 

Adobe comes from the Arabic word "Adob , "  which means mud brick 
dried in the sun . It is a constructive method that uses a mud 
brick molded in a wooden or steel form . 

It is probably th� most popular earth building method used 
in Bra z i l  at this present time . Its relative simplicity , which 
allows for "autoconstruction , " and its low cost explain why it is 
so widely used . 

Another factor is that adobe is an ecological building 
material . It uses natural elements and does not interfere with 



QUANTITY OF WATER 
The best mud consistency 
for moulding contains 15% 
and 2 0% of water.  

MOULDS 
The adobes can be 
manufactured using a 
cinva-ram press or a 
wooden mould . 
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the environment , which is a great concern to people today . with 
wal l s  of the right weakness , adobe can provide internal comfort 
with stab i l ized temperatures independent of external conditions . 

Description 

The process involves using a proper soil , with some kind of 
stabil i zer,  puddled with water . This mud can be mixed using bare 
feet or a mechanical process . It is necessary to test the soil 
in order to identify what kind of stabilizer will be used . The 
mud mixture is left undisturbed for 2 4  hours in order to attain 
the proper consistency . In northern Minas Gerais , the builders 
bel ieve it is necessary to make adobes in "becrease moon , " in 
order to have some cracks . It is necessary to pay attention to 
the quantity of water used ; for adobe , the ideal consistency is  
15% to 20%  water by weight in its dry state . When it has 
attained its proper consistency , the mud is put into a wooden 
form , which may be dusted with a fine sand in order to facil itate 
removal of the finished adobes . After each adobe is finished , it 
is necessary to wash the form to make sure that no mud remains in 
the corners . 

A man using a single mould can make between 2 0 0  and 500  
adobes in a day . For a small house of about 60  square meters , 
about 3 , 00 0  adobes are required . When they come out of the 
moulds , the adobes must remain undisturbed for three days ; then 
they must be left face upwards for another day in order to dry 
out . The adobes need to be completely dry before being used for 
construction . Thirty days seems to be sufficient in a normal 
climate without storms . It is important to cure them in the 
shade , not in the sun , without protection , which can cause 
shrinkage and consequently cracks . 

Moulds 

It is  possible to use a two-brick , four-brick, or single mould . 
The s implest and most practical method is the singl e ,  bottomless 
wooden mould . It can be l ined with sheet metal to allow the 
mould to s l ip easi ly away from the adobe when l i fted . The adobe 
size depends on the mould ; the most common has dimensions of 10 x 
2 0  x 3 5  cm . The single mould has been used in a quick way that 
produces the same quantity of mud bricks as the multiple moulds . 
special closer brick will be required for bonding , for this kind 
of adobes it is necessary to fix suitably shaped pieces of wood 
inside the mould . 

Soil Selection 

The proper selection of the soil is essential for a good earth 
building . It is necessary to investigate the kinds of soil that 
are available in the region . If the soil is unsuitable for the 
kind of construction desired , it can be mixed with others in 
certain proportions and used to make adobes . simple 
identification of the texture and specific tests can be used to 
make a proper analysis and select the suitable soil . Observation 
of the soil texture helps to determine the soil composition . 
When one rubs dry soil between the fingers , the sand particles 
are gritty to the touch , the silt and fine particles adhere 
closely to the skin and have a silky feel when the sand particles 
are discarded . Lateritic soil , normal ly red and reddish-brown 
indicating the presence of iron ( hematite) or yellow and 
yel lowish-brown indicating the presence of l imonite , often do not 
shrink or swell much upon wetting . They have high stabiliz ing 
qual ities which are apparently connected in some way with their 
iron compounds and colloids . This kind of soil is desirable for 
earth construction . In order to manufacture adobes , it is 
necessary to select a soil without organic sUbstances .  Soils are 
usually graded into divisions according to the size of the soil 
particles . According to the International System of soil-texture 
classification : 

I--CLAv --I --S I L T -- I -F I NE SAND --f---COARSE SAND --I 
O . 0020 ( mm )  O . 02 0 ( m m )  O . 20 ( mm )  2 . 0 ( mm )  

Generally,  soils containing less than 2 0 %  clay are classed as 
sand and gravel , loamy sands , sandy loams , and loams , depending 
on the clay content . Soils containing from 2 0% to 3 0 %  clay are 
called clay loams and those over 3 0 %  clay are classed as clays . 
The silt l oam and clay loam are considered suitable for adobe . 
But it is necessary to have the right proportion of clay to sand . 
Adobes made of soil with too great a proportion of clay are 
vulnerable to shrinkage and consequent cracking . The presence of 
sand in the selected soil is important because of its compression 
resistance and because sand is an inertial material in the 
presence of water.  



TESTS 
Before selecting the 
soil , it is necessary to 
know the percentage of 
clay and sand . 

f 

Current Field Research 359 

Analysis 

A simple test can identify the percentage of clay and sand in a 
given soil sample . A small quantity of the selected earth is 
placed in a glass fill ing it to one third . Then measure the 
height that corresponds to the earth sample . Put water into the 
other two-thirds of the glass . Turn it over with a tampion and 
wash it repeatedly until the water runs clear because the clay 
and silt have floated off . Now measure again . Suppose the first 
measure was 5 cm , and the last was 3 cm . The following formula 
expresses the relationship : 

5 100% 
3 - x 

x 300 
-5-

60% 

The test shows that the percentage of sand is approximately 6 0 % . 
In this way the correct percentage of sand and clay can be 
checked . The samples selected are triturated , put in a dish , 
then heated . The dried soil is weighed . Using a no . 2 0 0  U . S .  
sieve , the sample is washed , eliminating the clay and silt . The 
residue is dried again and then weighed . By comparing the 
measures the exact percentage of sand and clay can be determined . 
Generally the difference is 5 %  to 10%  between the tests . 

Soil preparation 

After analysis and correct selection of the soil , it is time to 
prepare the mud . The soil should be reasonably free from humus 
or any quantity of organic material .  A steel sieve can be used 
to make the soil homogenous and el iminate the larger stones . A 
shallow pit can be prepared in which the material is mixed . 
Based on the results of the tests described above , it may be 
necessary to add sand or to mix the selected soil with another 
kind in order to obtain the effective moisture . other admixtures 
can also be used in order the stabilize the material . 

Earth stabil ization 

The clay contained in the soil is susceptible to present 
differences and volume changes when mixed with water.  
Alternating cycles of wetting and drying causes gradual 
disintegration at the surface , especially at the point of contact 
with the water . The sand is inert and the particles do not 
absorb moisture , and it l imits the volume changes of adobes 
because of the shrinkage of clay . It is possible to use 
admixture to stabil ize the soil . Attaining the correct 
proportion of clay and sand is the first step . I f  the soil has 
too much sand , it is necessary to mix clay in as a binder or 
cementing agent , and if  there is too much clay , it is necessary 
to add sand in order to l imit the volume changes which cause 
shrinkage and cracks . 

There are other kinds of stabil ization : 

1 .  cementing : using an agent such as Portland cement to reduce 
the volume changes of the clay . 

2 .  The addition of fibers : straw , hair,  sisal , and other 
similar materials can be used in order to reinforce the mud and 
reduce the volume changes . 

3 .  water-resistant stabil ization : use of certain materials such 
as asphal t ,  mixing oil , to give permanent water-resistant 
stabil ization . 

4 .  Compaction : This increases weather resistance in machine
made blocks . 

5 .  Lignin and tropical plants ; Euphorbia lactea , with a hard 
elastic white film and the film of banana can be used mixed with 
the water that puddles the soil in order to give protection from 
tropical storms . It can be used in wal l  paints , when the plants 
are cut and chopped up in containers . This produces a sticky 
l i quid which can be mixed with l ime before using . 

To select the proper stabilization and the quantity that is 
necessary it is better to make tests with different substances 
and different quantities before starting construction . 

The qual ity of stabilized adobe bricks can be established 
recogniz ing testing methods : 

1 .  General conditions : Cured mud bricks shall be reasonably 
true to size with parallel sides and free from excessive cracks 
and other defects . 



STABILIZATION 
The adobe bricks can be 
stab i l ized using a press . 

BUILDING THE WALLS 
When the adobes are 
completely cured , they 
can be used in building 
walls . 

2 .  Moisture : Content of mud brick when dried and ready for use 
shall not be more than 4 % .  

3 .  Shrinkage cracks : Shal l  not be more than 1/8 inch i n  width 
and 3 inches in length . 

4 .  compression strength : Shall average 3 0 0  pounds or more 
under recognized test methods , per square inch with tolerance to 
2 5 0  pounds for one brick in a test series of five . 

5 .  Absorption : Shall average less than 2 1/2 percent of dry 
weight in 7 days . 

6 .  Erosion : Bricks shal l  not be appreciably pited or eroded in 
two hours under a fine spray of water under 20 pounds of 
pressure . 

7 .  Modulus of rupture : Shal l  average not less than from 4 0  to 
5 0  pounds per square inch with tolerance to 3 0  pounds for one 
brick in a test series of five . 

Mortar 

Mud mortar is most commonly used for adobe wall .  It is more 
appropriate and gives a more homogenous final result .  Earth 
found in ant and termite houses can be used to guarantee its 
qual ity . using some kind of stabilization , the same mix should 
be used as in the mud bricks . In the state of Minas Gerais , the 
most common mortar is 4 parts sand , one of ant or termite earth , 
and half of cow dung ( 4 : 1 :  1/2 ) . 

Building the Walls 

Since the adobes are completely cured , they can be used in 
building wal l s . Side preparations , foundations , and provisions 
against dampness are requirements that must be completed before 
beginning the adobe wall s .  It is necessary to provide a special 
protection against moisture between the foundation and the adobe 
wall .  Stone , brick , or wood can be used to prevent infiltration 
of water on the wal l s .  The height of the foundation can b e  about 
15 cm above the ground to protect the wal l  against rain and 
consequent erosion . When the construction is finished , 
protective wal l  coverings can be appl ied , mud plaster or mud 
mixed with a small quantity of cement and l ime . I f  cement and 
l ime is used , it is essential to test the quantity because a 
mortar that is too strong can diminish adhesion between the adobe 
wall s  and the covering . 

Considerations about Earthen Homes 

certain considerations must be kept in mind when building a home 
of earth : views , protection against inclement weather , a suitable 
slope to assist drainage and provide for sewage l ines . I f  the 
site is sloping , it will be an advantage , if the fall is in a 
direction suitable for drainage . In selecting the site it is 
necessary to consider the kind of soil that is available and the 
constructive method that best suits the particular site and 
building lay-out . Other local materials such as wood , stone , 
kiln-fired brick can be incorporated into the house design if  
they are availabl e .  The orientation of the house must consider 
the best view , the solar and wind directions as passive means of 
obtaining comfortable internal temperatures . In the case of a 
tropical country l ike Brazil , the orientation must , in some 
cases , be chosen with a preference for the dominant winds . In 
Araxa , with a tropical cl imate but high altitude ( 9 00  m) , there 
is a thermic ampl itude , which makes the solar orientation most 
important . 

To protect the wal l s  from weather, verandas can be used to 
keep out the water during rainstorms and to protect from hot 
sunshine during summer .  The roof should be extended considerably 
from the wal l s  giving complete protection from rain . Impervious 
masonry is desirable to a height above the finish grade which 
will prevent erosion from the splash of rain water . Wood or 
stone can be used before starting the adobe wal l s  to reduce 
capillary action . A SUbstantial foundation and footing ,  designed 
for the unit compressive soil bearing capacity is essential . 
Other considerations depend on the special requirements of the 
climate or the builder ' s  desires . 



INTERNAL TEMPERATURES 
using adobe you can 
provide comfortable 
internal temperatures . 
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Thermic Characteristics 

S ince the 1 9 7 3  oil crisis , the home as energy consumer has come 
under consideration . Bardou ( 19 7 9 )  states that approximately 1/ 3 
of the total energy consumed is used by houses . Using solar 
energy and bioclimatic architecture , it is possible to heat or 
cool houses using passive methods without any further costs and 
providing comfortable internal temperatures . using cl imate data , 
the designer can understand better the local meteorological 
parameters and orient the house adequately.  Knowing the 
simultaneous action of temperature , sun , and wind , it is possible 
to have a bioclimatic conception of the proj ect . There are two 
fundamental aspects to the thermal action of a building . First , 
it can be assumed that the external conditions are permanent and 
the internal temperature is constant ; the thermal conductivity of 
the material , its resistance and conductance are considered . 
But , in fact , the temperature regimen is variable , and it is 
necessary to consider radiation and convection . In this case , 
the thermal characteristics that better explain the real ity are 
heat capacity ( C )  and thermal inertia ( ) . The heat capacity can 
be obtained by the specific heat of the bui lding material c -
(J/Kg C) . 

Calculation 

For adobe the characteristic time constants found for the 
different wal l  thicknesses was : 3 . 47 ,  6 . 17 ,  18 . 9 ,  and 3 8 . 59 days 
respectively ; using brick, the characteristic time found was 2 . 2 ,  
3 . 9 1 ,  1 1 . 98 ,  and 2 4 . 4 6 days respectively . 

Conclusion 

using adobe as a building material ,  it is important to know the 
constructive method , its special requirements in order to inform 
the design considerations , selection of the better kind of soil , 
simple tests to certify it , and each step of the construction . 
Knowing its thermal capacity , using local material s ,  and 
considering the cl imate , an adobe house can be constructed at low 
cost and comfortable internal temperatures using passive and 
natural means . 

"Man has always had a creative instinct , which reveals 
itse l f  in one way or another , "  and a house can express the 
builder himsel f ,  his personal ity , his dreams and determination to 
resolve the problem of building a shelter for himself and his 
family . Earth , with its universal availability , its thermal 
properties , low cost and ecological considerations , seems to be 
one of the best materials for home construction . Nonetheless , 
people are neglecting this method because of misconceptions . 
Mill ions of people today do not have homes . using earth as a 
building material could help to solve this housing problem while 
revita l i z ing these building techniques . 

Autoconstruction experience 

Practical experience in using the above principals was offered in 
the construction of an adobe house outside of Araxa , an area of a 
small city in Braz il . In every aspect , from the design to 
construction , the architect worked with the community to take 
advantage of its knowledge of ambient comfort and adobe building 
techniques . using CINVA RAM, a hand-made brick press was 
obtained . The community used the press to manufacture the 
adobes , but they preferred to use the single wooden form because 
of its simpl icity . 

The first difficulty in the construction was the builders ' 
dissatisfaction with the adobe . They considered it synonymous 
with poverty and the lack of any other choice . After many 
discussions , they were convinced that they could construct a 
comfortable house using adobe . The steps of the construction 
were detailed in photographs . 



REFERENCES 

1 .  American Institute of Architects . La Casa Passiva - Clima Y 
Ahorro Energetico . Trad . J .  Corral do original Regional 
Guidel ines for Building - Passive Energy conserving Homes , 1 9 8 0  
Hermann Blume , Madrid , 1984 . 

2 .  Arzoumanian , V .  and Bardou , P .  Sol Y Arquitectura . Trad . de 
M .  T .  Trias de Bes do original Archi de Soleil , 197 8 ,  Editorial 
Gustavo Gil l i ,  Barcelona , 1980 . 

3 .  Cornoldi , A .  and Los ,  S .  Habitat Y Energia . Editorial 
Gustavo Gil l i ,  Barcelona , 1982 . 

4 .  Dreyfus , J .  Le Con fort dan l ' habitat Tropical . Eyrolles , 
Pari s ,  1 9 6 0 . 

5 .  Fonseca , M . R .  et a l l i i . Desenho Solar . Proj eto Editores 
Associados , Sao Paulo ,  198 3 . 

6 .  Goldemberg , J .  Energia no Brasil . Livros Tecnicos e 
Cientif icos , Rio de Janeiro , 1979 . 

7 .  Gri f fiths , J . F .  Climatology - An Introduction . Oxford 
University Pres s ,  second edition , oxford , 197 6 .  

8 .  Grupo de Estudos de Arquitectura Alternativa ( GAA) . 
Arquitectura e Energia - Uma Alternative de Proj etos . Editora da 
UFMG Belo Horizonte , 198 1 .  

9 .  Grupode Estudos de Arquitetura Biocl imatica ( GEAB) . 
Relatorio de Pesquisa : sistemas Construtivos Vernaculares de 
Minas Gerais e sua AdequaQao ao Fator Cl ima . Belo Horizonte , 
198 3 . 

1 0 .  Guyot , A .  y Izard , L. Arquitectura Bioclimatica . Trad . M . T .  
Trias de Bes do original Archi Bio, 1979 , Editorial Gustavo 
Gil l i ,  Barcel ona , 198 0 .  

1 1 . Lynch , K .  Planificacion del Sitio. Trad . J . F .  Calaya do 
original s ite Planning , 198 0 ,  Editorial Gustavo Gil l i ,  198 0 .  

12 . Mascaro , L .  and Vianna , M .  IluminaQao Natural nos Edificios . 
PROPAR/UFRS , Porto Alegre , 198 0 .  

13 . Mascaro J .  Consumo de Energia e ConstruQao de Edifiviod . 
SECOVI , Sao Paulo,  198 0 .  

14 . Mascaro , L.  Energia na EdificaQao - Estrategias para 
Minimizar seu Consumo . Proj eto Editores Associados , Sao Paulo ,  
198 5 . 

15 . Mota , S .  Planej amento Urbano e PreservaQao Ambiental .  
PROEDI , Fortaleza , 198 1 .  

1 6 .  oliver , P .  Cobij o Y Sociedad . Blume ediciones , Madri , 1978 . 

17 . Page , J . K. The Fundamental Problems of Building Cl imatology 
considered from the Point of View of Decision-Making Architect 
and Urban Designer , in : Building Climatology . 

18 . Rivero , R .  Arquitetura e Cl ima - Acondicionamento Termico 
Natural . Trad . J . M .  Aroztegui do original em castelhano , 1 9 8 5  
D . C .  Luzzatto Editores , 2 a .  ediQao , 198 6 .  

19 . Vale , B .  and Val e ,  R .  La Casa Autonoma - Diseno Y 
Planificacion para la Autosuf iciencia . Trad . A . R .  Llobera do 
original The Autonomous House - Design and Planning for Self
Sufficiency , 197 5 ,  Editorial Gustavo Gil l i , Barcelona , 1977 . 

2 0 .  varios , Cobij o .  Trad . J .  Corral do original Shelter . 197 3 ,  
H .  Blume Ediciones , segunda reimpresion , Madrid, 198 1 .  



ABSTRACT 

Con s idering the examp l e  of 
some earths used to rea l i z e  
" P i s e "  ( rammed e a rt h ) ,  we 
pre sent here exper iment a l  
result s concerning t he i n
fluence of temperature and 
wat e r- c ont e nt on t he rm a l  
propert ies of earth building 
mat eria l .  After an int roduc
t ion on t he st ructure cha
ra c t e r i z a t ion me t hods of 
this part icu lar granu lar po
rous mate ria l ,  t he main me
cani sms of ads orpt ion and 
migrat ion of water in earth 
wal l s  are reviewed . The ex
perimental device , a "ther
mal shocks probe " ,  we use to 
determine the t herma l para
me te r s ,  h e a t - condu c t i v i t y  
and heat -capacity i s  a l s o  
de scribed . The ma in conc l u
s ion we have drawn from this 
study is t hat , i f  th� wat er 
content i s  not too impor
t ant , the influence of tem
perature on heat-conduct ivi
ty can be neglected and the 
inf luence of wat er-content 
on therma l parameters mode
l i zed by l inear r e l at i on
ships . F igures and numerical 
values are given to est imate 
pract ica l ly the therma l pa
rameters of an earth buiding 
mat e r i a l  in norma l condi
t ions . 

KEYWORDS 

EARTH BUILDING MATERIAL ,  PO
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MATERIAU TERRE , MILIEU PO
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INFLUENCE DE L ' HUMID ITE SUR LES PROPRIETES THERMIQUES DU MATERIAU 
TERRE : PROBLEMATIQUE , METROLOGI E ,  RESULTATS EXPERlMENTAUX . 

Jean-Paul Laurent 
Inst itut de Mecanique de Grenoble 
BP 53 X, 3 8 0 4 1 ,  Grenoble-Cedex, France 

Introduction 
Les terres ut i l i sables en tant que mat eriau de const ruct ion sont 
de s m i l ieux poreux granu l a i r e s  dont la cohe s i on e s t  a s suree 
nature l lement par une certaine proport ion de pha s e  a r g i l eu s e . 
Que l l e  que soit sa c'omposit ion minera logique,  ce lle-ci possede une 
structure microporeuse qui con fere au mater iau terre un caract e re 
hygroscopique . P rat i quement , c e l a  s i gn i fi e  que ,  meme apre s la 
per iode de sechage qu i suit la mi se en reuvre et ,n l ' absence de 
toute a r r i ve e  d '  eau "para s it e " ,  une paroi en t e rre cont ient 
tou jours une certa ine quant i t e  d '  eau adsorbee par l' argile en 
pres ence de l ' humidite de l ' a ir . Sous l ' e f fet de s o l l i c it at ions 
c l imat ique s ,  not amment thermique s ,  cette eau e st sus ce� ible de 
changer d' etat ( vapori sat ion/ condensation) et / ou de migrer dans 
l '  espace des pore s ,  ce qui mod i fie evidemment le bi lan thermique 
f i n a l . 1 1 e s t  indispensable d ' etud i e r ,  de mode l i s e r  et de 
quant i f ie r  ce couplage ent re t ra n s fe rt d' eau et t r an s fe rt de 
chaleur dans une paroi en terre car il est clair qu ' i l condit ionne 
es sent iel lement le confort t hermique propre a ce type d ' habitat . Le 
trava i l  que nous pres entons ici s ' inscrit dans cette perspect ive . 

Apres un rappel sur la caracter isat ion de la st ructure poreuse 
du materiau terre et ses proprietes thermiques a l ' etat s e c ,  nous 
p a s s on s  en revue les dive rs phenomenes phys iques qu i s ont a 
l ' origine de la f ixat ion et du trans fert de l ' eau dans ce materiau . 
Nous int rodu i s on s  ensuite la not ion de "pa rametres t hermiques 
apparent s "  d ' un mi l ieu poreux humide et nous de c r ivons la 
methodologie de me sure de l a  conduct ivite thermique et de la 
cap a c i t e  calor i f ique par " sondes a chocs thermiqu e s "  que nous 
u t i l i sons . Enfin , nou s presentons et nous dis cuton s les principaux 
re s u l t at s e x p e r iment aux que n o u s  avon s obt e n u s  c o n c e rnant 
l' i n f luence de la tempe rature et de la teneur en eau sur les 
proprietes thermiques du materiau terre . 

Pour cet expose , nous avons cho i s i  d ' i l lustrer notre propos en 
cons iderant le cas de terres "a p i s e "  d ' une reg ion de France : le 
D a u p h i n e  ( Vo i r  F i g . 1 et Tab . I ) , que n o u s  avons p l u s  
part i c u l i e rement etudie [ 1 , 2 ] . Tout e fo i s , i l  e s t  c l a i r  que 
l ' approche methodologique que nous avons adoptee est transposable a 
d ' aut re s classes de materiaux . Nous avons d ' a i l leur s ,  nous-meme s ,  
egalement t rava i l le s u r  de s "torchis " ou s u r  de s te rres africa ines 
ut i l isees en " fa conn age direct " [ 1 , 2 ] . 

Structure et caracterisation du materiau terre. propriet6s 
thermiQ)1es a l'Hat sec 

Une terre crue peut etre emp loyee comme materiau de st ructure s i ,  
par u n  procede que l conque , o n  peut atte indre u n  n iveau de dens ite 
qui lu i confere une res istance mecanique suffi sante . Par a i l leur s ,  
u n  cert ain nombre d ' identif icat ions pre l imina ires ( granu lometrie , 
teneur en argi l e ,  essai "Proctor " ,  etc ... ) doivent etre e f fectuees 
pour savoir si une te rre donnee peut e ffect ivement etre ut i l isee 
pour const ruire [ 3 , 4 ] . Que l le que soit la technique const ruct ive 
f ina lement ut i l is e e ,  la st ructure phys ique du mat e riau t e rre , en 
s ituat ion norma le de fonct ionnement , s ' apparente plus a ce lle d ' une 
roche pore u s e  qu ' a  c e l l e  d ' un s o l  bien que ce l u i - c i  soit , en 
l '  occurence , la mat iere premiere con s t itut ive . Global ement , on 
pourra donc le caract e r i s e r  au n iveau ma cros copique par de s 
parametres comme la den s i t e  seche ou la porosite ( Voir Tab . I I ) . 
L '  experience montre que l a  connais sance de ces s e u l s  parametres 
suffit souvent pour prevoir correctement certaines caracteristiques 
fonctionn e l l e s . Par exemp l e ,  conce rnant les proprietes t hermiques 
en part i c u l i e r ,  nou s avons pu mont rer que la de n s it e  s e che 
determine es sent i e llement la conduct ivite thermique "a sec" (Voir 
F i g . 2 )  ce dont on peut rendre compte phys iquement [ 1 , 2 ] . Par 
cont re , lorsque l ' on s ' interesse aux propr ietes hydr i que s ,  ou a 
l ' i n f luence de s condit ions hygrothermiques sur le comportement 
mecanique ou thermique d ' une paroi en terre , il devient abso lument 
necessa ire de cons ide rer d ' autres facteurs st ructuraux . 

En premier lieu, il importe de caracteriser, qua l itat ivement et 
qu ant itat ivement , la phase a r g i l e u s e  qu i condit ionne e s s en
t ie l lement les proprietes hygro scop iques (Voir § su ivant ) . Or,  la 
mineralogie de ce type de roches sedimentaires est s ingulierement 
complexe [ 5 ] . Chimiquement , les argiles sont des s i l i co-a luminat es 
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hydrate s  dont la st ructure c r i s t a l l ine poss ede la part icularit e  
d ' e t re o rga n i s e e  en feu i l let s . C e s  feu i l let s s o n t  eux- meme s 
constitues de couches d ' atomes dont l ' emp ilement forme deux types 
de mot i f s  o c t a e d r iques autour de s a t omes d ' a lumi n ium ou 
t e t raedriques autour des atome s de s i l i c ium . 1 1  est p o s s ib l e  de 
differencier les diffe rent s groupes d ' argiles su ivant la sequence 
d '  emp i l ement de s couches d '  atome s dans l e  feu i l let a laqu e l l e  
correspond u n e  distance interfoliaire caracte r i s t i que (Vo i r  Tab . 
I I I ) . L ' i d e n t i f i c a t i o n de c e s  m i n e r a u x  s ' e f f e c t u e  p a r  
cristallographie aux rayons X ma is , dans l e s  terres naturelles , de 
nomb r e u x  types de mineraux a r g i l eux peuvent e t re p r e s e n t s  
s imu ltanement (Vo i r  exemple Tab . I )  et l e u r  diffe renc iat ion peut 
s ' ave rer difficile d ' autant plus qu ' i l s  sont sus cept ibles de former 
de s c o mp o s e s  i n t e r s t r a t i f i e s  ( i l l i t e / m o n t mo r i l l o n i t e  ou 
montmo r i l lon i t e / ch l o r i t e  p a r  e xemp l e ) et que l e u r s  d i s t ances 
i n t e r f o l i a i r e s  ne sont p a s  t ou j ou r s  t r e s  stables ( ca s  des 
smect i t e s ) .  De p l u s , i l  e st souvent impo s s ib l e  de det e rmine r 
prat i quement le pourcentage en ma s se que represente la phase 
argileuse . On peut alors se cont enter d ' un critere granulometr ique 
en a s s imilant phase argi leuse et fract ion mas s ique de diametre de 
gra in inferieur a 2�m .  

Paralle lement a l ' ident i fi cation des argile s ,  i l  est ega lement 
important de caract e r i s e r  la s t ru c t u r e  du r e s e a u  de p o r e s  
intergranula ire s . E n  ef fet , c ' est dans cet e space que s ' operent les 
phenomenes de t rans fert hydr ique et sa morpho logie influe donc sur 
les va leurs de s coeffi cients de t ransfert corre spondant s .  Plus ieurs 
te chniques complement aires peuvent etre util isees pour caract eriser 
ce reseau poreux : voir Tableau I I . 

L'eau dans le materiau terre. notion de parametres thermiQues 
apparents 
Comme nous l ' avons dit en int roduct ion, les materiaux auxque ls nous 
nous interessons i c i  contiennent tou j ours de l ' eau . Celle-ci pourra 
etre caracterisee par sa proport ion en ma sse ( w )  ou en volume ( 0 ) 
avec 

Masse d'eau W =  . 
Masse totale 

ou o = Volume d'eau 
Volume total 

0 =  w.ds (ds : densite sache) 
(1 ) 

En fonct ionnement norma l ,  l ' eau adsorbee par le materiau terre 
p rovient de la vapeur d' eau contenue dans l '  a i r  et e l l e  e s t  
loca lisee es sent iel lement dans la phase argileuse qu i possede une 
t re s  grande surface spe c i f ique et les pores les plus petit s . Pour 
caract e r i s e r  cette tendance a fixer l ' eau ( - hygro scop i c it e H ) , on 
r e a l i s e  en laborat o i re de s - i sotherme s d' adsorpt ionH relat ion 
teneur en eau a l ' equ i l ibre en fonct ion de l ' humidite relat ive de 
l ' a i r  ( H . R . ) .  La F igure 3 en presente des exemples qu i mont rent 
b ien qu ' en l ' occurence ce n ' est pas la dens ite seche le parametre 
important ma i s  bien le type de terre . A l' equi l ibre a une teneur en 
eau donnee ,  on aura - conden sat ion cap i l l a i r e H  ( appar i t ion d' eau 
l iqu ide ) dans les pores de rayons inferieurs a un seuil r (q) que 
l '  on peut e st ime r ,  conna i s sant l '  i s othe rme d '  adsorpt i o n ,  par la 
relat ion de Laplace-Kelvin : 

Avec : 

_ 2 0"(T) = P I RT Log H.R.(O) ( 1 )  
r(O) M 

0" coefficient de tension supe rficielle air/ eau ( 0 , 0 7 3  N/m a 2 0°C) 
T la tempe rature du mil ieu ( oK ) . 
Pl mas se volumique de l ' eau ( 9 9 8 , 3 kg/m3 a 2 0°C ) . 
R con stante des gaz parfaits ( 8 , 3 1 4 3  J/mole . oK )  
M masse molaire de l ' eau ( 1 8 , 0 1 534 1 0-3 kg/mole)  . 

Sous l '  e f fet d' un gradient thermique,  not amment , le potentiel 
de l'  eau dans le mate r iau t e r re peut e t re mod i f i e  de man i e re 
different ielle et divers mecani smes de t ransfert s et /ou changement 
d '  etat apparais sent alors . P h i l ip et De Vries ont , les p remiers , 
formu le les equations gene rales t radu i sant ces t rans fert s couples 
de masse et de cha leur dans un mil ieu poreux humide [ 6 ] . Depu i s ,  de 
t res nomb reux t ravaux ont porte sur ce t heme (Vo i r  par exemple : 
[ 7 ] , [ 8 ]  ou [ 9 ] ) . Nous nous contenterons , i c i ,  de rappeler quelques 
r e s u l t a t s  en r e l a t i on avec la not ion de pa ramet res thermiques 
apparents . 
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S i  l ' on suppose ve r i f i e e s  un certain nombre d ' hypot hes e s  dont 
l e s  p lu s  importan t e s  sont mi l i e u  homogen e ,  mat r i c e  s o l ide 
inde formab le et phase liqu ide incompre s s ib l e ,  fluides parfaits 
( vapeur d'  eau et a i r ) , pas d'  hystere s i s ,  pas d'  e f fet de gravit e ,  

p a s  d '  e changes radiat i f s ,  equ i l ibre the rmique instantane , e t c  ... , Ie 
p remier p rincipe de la t he rmodynamique ( conse rvation de l ' energi e )  
pe rmet d ' ecrire l ' e quat ion de la cha l e u r ,  pour un mil ieu poreux 
humide , sous la forme : 

Variat ion d' enthalpie ( a )  ( b )  ( c )  

Ou ( a )  repre s ente Ie t rans fert d e  chaleur purement conduct i f ,  ( b )  
Ie t e rme d e  t ransport p a r  chaleur latente e t  ( c )  c e l u i  p a r  cha leur 
s en s ible avec : 

t Ie temps ( s ) . 
C capacite calorifique ( J/m30K ) . 
L enthalpie de vaporisat ion ( 2 4 5 4 , 3  J/kg a 2 0°C ) . 
W " chaleur de mouil lage " ( J/kg ) . 
A conduct ivite thermique (W/moK ) . 
8v , 81 : t eneurs en eau volumiques l iquide et vapeur (m3/m3 ) . 

qv ' q : densites de flux de vapeur et de flux total ( Kg / s . m2 ) . 
Cm : capacite calorifique du melange air + vapeur d ' eau ( J/m30 K )  

S ' i l n ' existe dans Ie mil ieu que des forces mot rices d ' origine 
thermique , une analyse d ' ordres de grandeur permet de negliger Ie 
t e rme ( c )  devant les deux aut re s . En developpant I e  t e rme ( b )  
l ' e quat ion ( 2 )  prend alors l a  forme suivante : 

Ou Dtv e s t  Ie coe ffic ient de diffus ion de la vapeur sous l ' e ffet 
d '  un gradient thermique et Dav Ie coe f f i c i ent de di f fu s ion de la 
vapeur sous l ' e ffet d ' un gradient de t eneur en eau . S i ,  de plus , on 
retient l ' hypothe se d ' une humidite repart ie de man iere uni forme , 
( 3 )  peut se ramener a une expr e s s ion " c la s s iqu e "  de la loi de 

Fourier : 

A* et C *  s e ront con s ide r e s  comme et ant l e s  p a r ame t r e s  
thermiques apparent s d u  mi lieu poreux auxqu e l s  o n  a acces p a r  la 
mesure . 

Dispositif de mesure des parametres thermiQues 
Pour mesurer la conduct ivite thermique et la capacite ca lorifique , 
nous ut i l i sons des methodes de me sure en regime tran s itoire impose 
par " sondes a chocs thermique s " . 

Rapp e lon s que Ie principe de ce t ype de methode con s i s t e  a 
creer un choc thermique dan s Ie materiau ,  dont on veut me surer les 
proprietes thermique s ,  par l ' intermediaire d ' un e l ement chauf fant 
al imente e l ectriquement . Une reponse a cette excitation e st me suree 
e n  t rans i t o i re par l ' intermediaire d' un capteur p lace dan s  Ie 
mat eriau ou dan s  l ' e lement chau f fant . La connais s ance de la forme 
a n a l y t i q u e  de l a  " f o n c t i o n  de t r a n s f e r t "  e n t r e e / s o r t i e  
corre spondant a une geome t r i e  donnee pe rmet d ' ident i f ie r  l e s  
parametres thermiques a part ir des courbes experimentales [ 1 0 ] . 

Ce s met hode s e x i s t ent depu i s  p l u s  d '  un demi- s ie c l e  et sont 
largement ut i l is e e s  dans dif ferent s domaines car e l l e s  pre sentent 
de nombreux avantages : s impl i c ite de l ' appareil lage , rap idite de 
la me s u r e , aut omat i s at ion p o s s ib l e  et , s u rt out , po s s ib i l it e  
d ' operer in-s itu dan s  d e s  condit ions hygrothermiques que l conques 
en respe ctant l '  etat phy s i que du mil ieu . Pour notre part , nous 
avons cherche a opt imi s e r  des sondes en fonction de l ' u s age que 
nous s ouha it ions en faire . En part i cu l i e r ,  nous avon s coneu une 
sonde "monot i ge " ,  pour la me sure de la conduct ivite t he rmique , et 
une s onde " b it ige " permett ant ega lement la det e rminat ion de la 
capacite calor i f ique [ I ,  1 0 ,  1 1 ] . C e s  sondes ( Vo i r  F i g . 4 )  sont 
mises en p lace par pereage prealable . Les performances atteint e s ,  
g r a c e  a un corps de chau f f e  brevete d e  t re s  f a i b l e  i n e rt ie 



Te rre c (J/kgOK) 
M o re ste l  8 9 1  

Is le d'Abeau 8 1 5 
CD300 N°2 8 1 3 
CD300 N°1 8 1 8 
Marchand 8 0 7  

L a  Verpi l l iere 8 2 0  

Tab . IV : 
Cha leurs specifique s  a sec 

me surees au calorimetre 
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thermique , nous ont permis d ' att eindre une precis ion de l ' ordre de 
± 5 %  que l l e  que s o it l a  r e s i s t an c e  t h e rmique de c o n t a c t  
sonde/mat e riau . 

Mesures de l'eyolution des parametres thermiQues du materiau terre 
en fonction de la teneur en eall et de la temperature 
1 .  Methodo logie Pour men e r  a b i e n  cette et ude , nous avons 
integre nos sondes au s e in d ' un dispo s i t i f  aut omat ise a s s ociant les 
fonct ions de c ommande , d '  acqu i s it ion et de t ra it ement , p our la 
me sure des parametres thermique s ,  au p i l otage en t emperature d ' une 
etuve . 

Pour de s ra i s ons d ' o rdre p ratiqu e ,  nous avons cho i s i  d ' etudier 
l ' evo lution des parametre s thermiques en fonct ion de la t empe rature 
a de s t e n e u r s  en e a u  d o n n e e s .  N o u s  avon s donc r e a l i s e  
s u c c e s s i vement de s t e n e u r s  e n  e au qu e n o u s  avons cho i s i e s  
i n t e r me d i a i r e s  e n t r e  l ' etat s e c  e t  l a  t e n e u r  e n  e a u  a l a  
fabr icat ion : (w= O ,  1 ,  2 ,  4 e t  8 % )  c e  qui couvre plus que l a  gamme 
des teneurs en eau qui peuvent etre att e intes "naturel lement" par 
le mat e r iau terre en fonct ionnement norma l comme le montre la 
Figure 3 .  La gamme de t emperature exploree allait de 0°  a 6 0°C . Ces 
choix ont ete mot ive s par le souci de se placer dans de s condit ions 
proches de celles du mater iau reel en reuvre . 

Pour obt e n i r  c e s  t e neurs en eau avec une repart it i on au s s i  
homogene que pos s i b l e ,  nous avons ut i l i se la methode su ivante 
ap re s in j e ct ion dans les e chant i l lons ( cube s de 10 cm d' a rete 
enve l oppe s dans de s hou s s e s  en mat iere plast i que ) ,  de la ma s s e  
d ' eau l i qu ide correspondant a la teneur en eau souhaitee , o n  opere 
une redi s t r ibut ion par vapo r i s at i on s ous l ' e ffet d ' un chau f fage 
micro-onde s . L '  e f f i c a c i t e  de cette methode a ete c ont rolee en 
e f fectuant un certain nombre de mesure s au banc gammamet rique de la 
repart it ion de l ' eau dan s  le mat e riau . Le s t eneurs en eau finales 
etaient det e rminee s  par pesee,  par re ference au po ids sec, avec une 
prec i s ion de l ' ordre de 0 , 1 % . 

2 .  Re s u lt a t s  D i x  e chant i l lons de te rre crue non- stab i l i s e e  
rea l i s e s  a part ir de s ept t erre s differentes ont e t e  sel ectionne s . 
Pour ne pas alourdir notre pres entat ion , nous ne reportons pa s ,  
ici , l ' integralite des resu ltat s obtenus que l ' on pourra ret rouver 
dans [ 1 ) . Nou s pre sentons , a t it re d ' exemple s ,  les di ffe rents types 
de comportemen t s  ob s e rve s e n  ce qu i concerne l '  evolution de la 
conduct ivite thermique (Voir Fig . 5) ou de la capac ite calorifique 
(Vo i r  F i g . 6 ) . La F igure 7 e ffectue une synthe s e ,  pour tous les 

e chant i l lons de terres du Dauph ine , de la variation re lat ive de 
conduct ivite t hermique par rapport a l ' etat sec en fonct ion de la 
teneur en eau ponderale . 

3 .  I n t e rp re t a t i on des r e s u l t a t s  obtenus Tout e s  l e s  me sures 
rea l i s e e s  en fonction de la t eneur en eau ont mon t re que 1 ' on 
pouvait admettre une variation l ineaire de la capacite calorif ique 
en fonction de la teneur en eau avec une pente egale a la capacite 
ca lorifique de l ' eau (Voir exemple Fig . 6 ) . On peut donc est imer la 
capa cite calo r i f i que d '  un mat e r i au terre humide a part i r  de la 
va leur obtenue a sec (Voir Tab . IV) par : 

Chumide = Csee + S.Ceau = 1 OOO.ds.csee + 4, 1 8  1 06 ds W (5) 
(J/m3°K) (J/kgOK) 

Si l '  on cons idere ma int enant l '  evolut ion de la conduct ivite 
the rmique en fonct ion de la teneur en eau ponderale (Voir exemple 
F i g . 5 ) , on constate egalement une va riat ion prat iquement l ineaire 
aux f a ib l e s  t e ne u r s  e n  e au . De . p l u s , ce comp o r t ement e s t  
independant d e  l a  den s ite se che du mat e r iau cons idere . O n  pourra 
donc e s t imer s impl ement la conduct ivite thermique d' un mat e r i au 
terre humide , quelle que s oit sa den s i t e ,  par : 

A(W) = Asee (1 + K .. w.w ) pour 0% � W � 4% (6) 

Ou K .. w est une constante dependant un iquement du type de t e rre . 
Nou s avon s re leve , pour les terres du Dauphine,  des va leurs de K .. w 
comp r i s e s  entre 0 , 0 8 5  et 0 , 1 4  independant e s  de la den s i t e  seche . 
Compte t enu de la dive rs ite de s comport ement s hydrique s que l ' on 
peut att ribuer a des t e n e u r s  variab l e s  en a rg i l e s  de nature 
di ffe rent e s ,  un coe fficient de + 2 0 %  par rapport a la valeur a s e c ,  
a de faut d ' autres rense ignement s ,  donnera u n e  e s t imation plausible 
de la conduct ivite thermique du mat er iau t erre e n  reuvre dan s  une 
atmosphere d ' humidite relat ive moyenne . 

A s e c  et pour l e s  t eneurs en eau faibl e s ,  la conduct ivite 
the rmique e s t  t ou j ours lege rement decroi s s ante en fonction de la 
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t empe rature . C e c i  e s t  dO. a la va r i at ion de l a  conduct ivite 
thermique de la phase sol ide , en part icu l ier du quart z .  Aux teneurs 
en eau p l u s  e l evee s ,  par cont re , la condu ct ivit e thermique peut 
croitre faib lement en fonct ion de la temperature . I I  faut voir la 
l ' inf luence de la phase fluide contenue dans l ' espa ce poral ( a i r  + 
vapeur d ' e a u  et , event u e l l ement , e a u  conde n s e e ) ,  dont la 
conduct ivit e the rmique augmente en fonct ion de la t empe rature . 
Tout e foi s ,  ce s variat ions restent faible s ,  ce qu i montre que l ' eau 
est fort ement liee dans la phase argileuse d' un mate riau terre, et , 
prat iquement , on pourra negl iger l ' in fluence de la temperature sur 
les proprietes thermiques ut i les . 

Conclusion 
Le t rava i l  que nous venons de presenter peut etre cons ide re comme 
Ie premier vo let d' un p rogramme p l u s  amb i t ieux v i s ant a la 
mode l i s at ion comp lete du comportement hygrothe rmique r e e l  du 
mat e r iau te rre . Pour pouvo ir resoudre les e quations couplees de 
t ransfert de cha leur et de ma s s e  dans ce mat e riau , i l  faudra 
ega lement d i s p o s e r  de va leurs des coe f f i c i ent s de t rans ferts 
hydriques et de mode les de leur evolut ion en fonct ion du t yp-e de 
terre et des condit ions de temperature et de teneur en eau . Ceci 
con st itue actue llement un de nos axe s de recherche . 
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Terres Ita pise" du Dauphine 
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D I AMETRE ( mm )  
F i g . 1 Courbes granulometriques de 7 terres "a pise" du Dauphine . 

PHASE SOLiDE GRANULAIRE PHASE ARGILEUSE 
TERRE CI) .2 <II .� i ci � <II .,g 

VJ m <II <II � Q <II .'" :; � E .'" E .'" Y .11 N 'iii :8 .'" c i <II 'iii .B N � c .2 E 1:: .'" Q. v <II <II 0 � E Q; '" J.! :2 � E � � ::J '" <II '<II � � § � () en > N' Designation 0 () U. D.. ::t: � 

1 Morestel 88 2 4 6 0 0 � O 50 0 0 0 0 50 0 0 

2 Marquis 1 00  0 0 0 0 0 6 tr 20 30 1 5  0 1 5  0 1 5  

3 Isle d'Abeau 61 26 13 0 0 0 9 25 50 0 25 0 0 0 0 

4 CD300 n02 64 1 9  5 5 0 7 9 0 1 00 0 0 0 0 tr 0 

5 CD300 n01 88 2 5 5 0 tr 1 5  0 57 0 0 0 0 43 0 

6 Marchand 80 0 0 20 0 0 13 1 0  40 20 0 20 1 0  0 tr 

7 Verpilliare 49 0 51 0 0 0 20 20 40 0 0 0 0 40 0 

Tab . !  Caracterist iques des te rres du Dauphine etudiees . 

CARACTERISTIOUE DEFINrrlON OBTENTION REMARQUE 

Vou ..... des pores d s pycnometrie eau, Mlium ... 
Porosite tot ale n - Vou ..... tllal 1 -- porosimetrie mereure limitee au + petit (/) d g w pore accessible ...J « m 

d = Masse sec he pycnometrie 0 ...J 
Densite sache pesee etat sec de reference Cl s 1000. Volume tltal 

Densite de grain d
g 

Masse seche 
pycnometrie glmeralement : 2,65 1000. Volume solide 

Distribution de Fraction massique de tamisage grains supposes 
diamatres de grain grains de diamatre d<do + spMriques w 

en fonction de do sedimentometrie 0 :J g Composition % relatijs et nature diagram me de poudre � mineralogique des mineraux analyse X microscopie electronique a: !;( Composition % relatijs et nature generalement exprimee ::< 
chimique chimique des mineraux analyse X en oxydes elementaires 

Fraction volumique de porosimetrie mercure pores cylindriques 
Distribution de pores de diamatre d<do adsorption moleculaire par calcul (BJH) 

diamatres de pores en fonction de do analyse d'image -
x :> w a: Surface developpee porosimetrie mereure parcalcul � 
:> Surface specijique des pores ramenee adsorption moleculaire direct (BET) 
« 11 I'unite de masse analyse d'image -
w ffl a: 

Geometrie du reseau Morphologie du reseau performances liees 
poreux contigu"ile entre phases analyse d'image aux algorithmes 

coordinence des grains d'analyse utilises 

Tab . I I  Principa les methodes de caracte risat ion d' un mil ieu poreux 
granula ire . 
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Denslte sache 

2 , 3  

+ La Verpilliere 
D CD300 N"2 

• Isle d'Abeau 

x CD300 N°l 

o Marquis 

A Marchand 

Fig . 2 : Inf luence de la den s it e  s eche sur la conduct ivite 
the rmique "a sec" [ 1 ,  2 ] . 

Distance interfoliaire FAMILLE FORMULE CHIMIQUE 

� 
� 

7 A  Kaolinite S i 2 05 AI�OH)4 

Montmorillonite S i4 01 o(AI2-x Ridical !1 IOH)2Cationx  nH 20 
1 0  A Illite (Micas) ISi 4-xAIJ 01 oIAl� (OH)2 Kx 

Vermiculite ( S i4_x Al x ) 010( R��y R�i (OH)2CEx_y 

'" 1 4 A Chlorite ( Si4_x Alx )  010( R�+) (OH)2( R:+ R��J (0I-1)6 

Tab I I I . Les diffe rentes familIes d' argiles rencontrees dans Ie 
materiau terre [ 5 ] . 
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0 
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"C0300 N°2" 

ds = 1 ,71 

ds = 1 ,92 

ds = 2,1 0  

2 0  4 0  6 0  
H.R. (%) 
"Marchand" 

8 0  

3 �======�------1 
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o 

o ds = 1 ,99 

2 0  4 0  6 0  
H.R. (%) 

8 0  

l 
� 

l 
� 

"La Verp i l l iere" 
3 

0 ds = 1 ,89 

0 ds = 1 ,99 

2 + ds = 1 ,83 

1 

0 
0 2 0  4 0  6 0  8 0  

H.R. (%) 
"Isle d'Abeau" 

3 

0 ds = 2,02 

0 ds = 1 ,79 

2 + ds = 1 ,91 

0 ��--'-�--'-�--��--4 
o 2 0  4 0  6 0  8 0  

H.R.  (%) 

Fig . 3 I s othermes d' adsorption pour 4 terre s "a pise" du Dauphine . 
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Fig . 4 : 
Sondes utilisees pour la 

mesure des parametres 
thermiques 

"C0300 N°2", densite 1 ,79 "La Verpilliere", densite 2,01 

2,0 W 2,5e+6 

� ..... ..e-!l 8% 

4% 
2,Oe+6 

1 ,8 � 
--u -... 

:r--� 
...-! 1 ,6 

C r-- .. A. 1 ,4 
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� � � � �  1 ,0 
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Fig . 5 A. = f ( T , w) Fig . 6 : C = f (w) a 2 0°C 

F i g . 5 & 6 : Exemples d' evolut'ions mesurees des parametres 
thermiques en fonction de la temperature et de la teneur en eau 

"C0300 N °2" " La Verpi l l iere" 
�A. 

1 ,2 1 ,2 
A.sec x 0 d=2,01 

1 ,0 0 1 ,0 
x d=l ,8 

0,8 0,8 

0,6 0,6 

0,4 0,4 

0 d = 1 ,79 
0,2 x d = 2  0,2 

0,0 0,0 
0 2 4 6 8 1 0  0 2 4 6 8 1 0  

"Isle d 'Abeau" "Marchand" 
1 ,2 1 ,2 

1 ,0 1 ,0 0 d=l ,88 

0,8 0,8 

0,6 0,6 

0,4 0,4 

0,2 0 d=2 0,2 

0,0 0,0 
0 2 4 6 8 1 0  0 2 4 6 8 1 0  

w (%) 
F i g . 7 : variat ion relat ive de la conductivite thermique en 

fonction de la teneur en eau . Synthese de s resultat s obtenus pour 
types de terres "a pise" du Dauphine 
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ABSTRACT 

Site Tulor 1 has become one 
of the most out standing 
archaeological discoveries 
in recent years in the north 
of' Chile  being the oldest 
example of earth technology 
used for building a v i l l age 
in t h i s  country . 
Efforts to preserve t h i s  
sit e ' 5 ruins h a v e  generated 
j oint research work which 
wi l l  comb ine the fol lowing 
studies : 
Assessment of its present 
condition . 
Ident ification of degrading 
agents threatening its ex
t inction . 
The construct ion of an 
experimenta l  polygon . 
Characterization of earth 
based materi als . 
Exper iments wi l l  be oarried 
out using various techniques 
a imed at st ab i l i zing the 
earthen v i l lage ' s  wal l . 
At present , research work 
being conducted on these 
e arthen head wal l s  involves 
among other techniques the 
use of chemi c a l  surface 
treatment s ( consolidant s ) ,  
ethyl s i l icate based . 

KEYWORDS 

Conservation , Consol i dat ion , 
Experimenta l  Polygon 
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CONSERVACION DE UN SITIO ARQUEOLOGICO CONSTRUIDO EN TIERRA 

* Eduardo Munoz G .  
Universidad d e  Anto fagast a 
C a s i l l a  1 70 Antofagasta 
Chile 

I .  Sit io  Arqueologico Tulor 

Monica Bahamondez P .  
Centro Nacional de Conservacion y 
Rest auracion . Av . Kennedy 9 3 50 
Sant iago , Chile 

E l  S i t i o  Arqueologico Tulor 1 ,  denominado t ambien Aldea de Tulor , 
esta ubicado en el Salar de Atacama , a unos 1 0  kms . en direcc ion 
S . O .  del Pueblo San Pedro de Atacama , Region de Antofagast a ,  Norte 
de Chile . 

Segun l a s  investigaciones arqueologicas que se han efectuado , 
l a  cronologia del Sitio se ext iende desde los 400  anos A . C .  hasta 
los 1 00 anos D . C . , y corresponderia a l  periodo intermedio t emprano 
en la secuencia cultural de las regiones at acamenas .  Se t rat�ria 
de uno de los  asentamientos permanentes de los inicios del periodo 
agropecuario de esta comp l e j a  cultura l ocal  con actividades de ca
za , recoleccion e incipiente agricultura ( A .  Ll agostera et a l . ,  
1 9 8 4 ;  A . M .  Baron , 1 9 8 6 )  

L a  Aldea de Tulor consiste en 2 3  estructuras de planta ci rcu
lar , de las que se generan pasadizos y construcciones anexas de 
formas mixt a s  hasta un t ot a l  de 1 06 est ructuras dispuest as en com
p l e j a  trama de crecimiento c e lular . Se accede a los  recintos por 
vanos de puert a de dos t ipos : los originales con dinte l  y los  hora 
dados en l a s  paredes de t ierra en distintas epocas , evidenc i ando 
una gran dinamica en su ocupacion . 

E l  conjunto esta defendido por un muro de mayor volumen que 
el de l a s  estructuras , dispuesto en semic irculo en di reccion de 
sur a noroest e .  

L a  const ruccion fue reali zada con b loques de t ierra modelado s  
in situ , di ferenciandose h i l a das superpuest as . De los restos , que 
aun se conservan , se elevan muros hasta una a ltura de 1 , 8 5 m .  La  
superficie total del  Sitio que se conoce en l a  actual idad alcanza 
a 2 . 8 0 0  m2 

Aunque este S it io ya era  conoc ido desde la dec ada de 1 9 5 0  ( G . 
L e  Paige , 1 9 5 7 - 58 ) ,  l a  comunidad c i ent i f i c a  chi lena puso e n  relie
ve su gran import anci a  solo despues que fuera redescubierto en el  
ano 1 9 8 1 . Los  t rabaj os arqueologicos se inici aron en el  ano 1 9 8 2  
( Ver graf . 1 ,  foto 1 )  

II . Prob lemas de Conservacion 

Este yac imiento se ubica en un medio ambiente deteriorado por e l  
avance d e  l a  desert i ficacion , la que , a s u  vez , h a  sido c ausada 
por los camb ios fluviales ocurridos en los ult imos s iglos en esa 
zona . La region del Salar de Atacama corresponde a un desierto de 
altura ( 2 500  m .  sobre el  nivel del mar ) . E l  c l ima esta influido 
por las condiciones que rigen en Los Andes Meridionale s , con un 
comportamiento pluvioso c i c l i c o  en los  meses de dic iembre , enero 
y febrero . Los meses de invierno se caracteri zan por la ausenc i a  
d e  l luvi a s  y b a j a s  temperaturas . En primavera , hay temporales de 
viento cuya fuerza puede a lcanzar hasta 1 00 km . por hora . 

Graf . N °  1 Sitio Tu10r 1 P1anta de Conjunto Escal a :  o 10 m "--==' 

( 1 ) Pol igono de Ensayos 
� Estructuras en cuya forma se bas6 1a reconstrucci6n 
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Graf. N °  2 Plano de las estructu
ras N ° s  2 y 3 utiliza
das como modelo en la 
reconstrucci6n ideal 
usada como pol igono 
de ensayos . 

Escal a :  o 2 m  -==< 
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E l  medio ambiente es e l  mayor agente de degradacion del S i t i o  
d e  Tulor . En sus comienzos l a  desertificacion sepulto l a  A ldea con 
arena arrast rada por e l  v i ent o .  L a  formacion y avance de dunas han 
hecho evolucionar el  deterioro de los  restos de l a s  construcciones 
de acuerdo a sus propios camb i o s . El mat e r i a l  que despl a z a  el v ien 
to  es arena con gran c ant i dad de sales s o lubles , las que se deposi 
t an principa lmente en l a s  cabezas de muro . Las precipitac iones di= 
suelven las sales . Luego los muros absorben la solucion que cont a 
mina e l  material  d e  tierra provocando efectos degenerativos irre
versibles , t a les como crist a l i zacion , subf lorescenc i a  y exf o l i a 
c i on . E s t e  estado favorece amp l iamente e l  efecto abrasivo d e l  vien 
to y arena sobre las cabezas de muro a fectadas . A 10 ant erior se 
suma una enorme gradiente de temperatura entre el dia  y la noche , 
y una humedad relat iva b aj a ,  facto res que propician l a  formacion 
de grietas y fracturas , asi como la met eorizacion del mat e r i a l , 
los cuales , a su vez , actuan como agentes multiplicadores del dete 
rioro . 

Las excavaciones arqueologicas , pract icadas en temporadas su
cesivas entre los anos 1 9 8 2  y 1 9 8 5  ( 1 0% de la superficie descubier 
t a  del Sit i o ), expusieron a l  intemperi smo est ructuras que durante 
siglos estuvipron cub i ertas por la arena , 10 que , indudabl emente ,  
h a  provocado un incremento de su degradacion en los ult imos anos . 

Otro factor import ante de dest rucc ion 10 const ituye l a  activi 
dad turisti ca que , desde hace a l gunos anos , se ha inten s i ficado 
en la zona . 

III . Criterios de Intervencion 

Las invest i gaciones han determinado que debido a los e lementos c l i  
mat icos adversos , e n  l a  actua l i dad result a improbable crear l a s  
condiciones d e  conservacion del Sitio excavado p a r a  s e r  exhibido . 
No obstant e ,  l a  preocupacion va mas l e j os a l  tener que enfrentar 
e l  hecho de que las estructuras que no han side excavadas y que 
se encuentran enterradas en forma natura l  t ambien sufren e l  efecto 
del desgast e progresivo de las cabezas de muro , ya que la arena 
que las cubre no es sufic iente barrera para que los v ieritos abrasi 
vos cumplan su efecto devast ador . Prueba de 10 anterior es l a  dife 
renci a  de a ltura de muros entre est ructuras l ocali zadas en e l  sec= 
tor nort e y sur , 0 , 2 0 y 1 , 8 5 m .  respect ivamente . Considerando 10 
anterior se preve proxima l a  ext inc ion del Sitio en su estado ac
tua l . 

La importanci a  de este yacimiento para l a  invest igac ion ar
queologica y de otras disciplinas c ient i ficas exige agotar los e s 
fuerzos p a r a  s u  conservac ion . D e  e s t e  modo , los  criterios d e  inter 
vencion se han hecho sobre l a  a lt ernativa de conservar e l  S i t io 
b a j o  t i e rra , conscientes ademas de otras experiencias que recomien 
dan esta alternativa como l a  mas opt ima en sitios con prob l ema� 
insolub les para la t ecnologia actual ( A .  Alva et a l . ,  1 9 8 4 ;  N .  
Stanley , 1 9 8 4 )  

-----

IV . Conservacion del Sitio 

IV . 1 .  Poligono de Ensayo : Reconstruccion ideal de e structuras t i 
picas 

La necesidad de comenzar las investigaciones para l a  conservacion 
del S i t i o  mot ivo l a  const rucc ion de una estacion experimenta l  de 
campo que , a su vez , se pudiese ut i l i zar como Poligono de Ensayo s . 
Adema s ,  de acuerdo con las investi gaciones arqueologicas , se po
drian reconst ruir hipoteticamente las condiciones ideales de fun
c ionalidad de l a s  estructuras ci rculares agregando e l  el emento t e 
chumbre ( inexistent e )  y e l  acceso a nivel d e l  suelo a diferenci a  
d e  l a  posicion semienterradas en que se encuentran e n  l a  actual i 
dad .  

S e  escogio l a  forma de l a s  est ructuras ( E )  circulares t ipicas 
N °  2 y 3 ( Ver graf . 1 y 2 )  que son las mej or conservadas del con
junto , para hacer las replicas . La reconstruccion inclui r i a , ade
mas , el  espacio que se interpone entre ambos circulos unidos por 
muros de enlace semicirculares . 

A poco mas de 3 0  m .  desde las ult imas construcciones de l a  
Aldea , en di reccion oeste , se a ll ano u n  espacio de 3 0 0  m2 para 
construir las replicas y se replantearon las dos c i rcunferencias . 
La base se estabil izo picando l a  capa de t ierra que luego se hume
decio y apisono l ograndose una base de fundacion compact a . 

El S i t i o  de Tulor , esta construido sobre un deposito a luvi a l  
d e  t i erra arcillos a ,  e l  material empleado e n  la construccion de 
la Aldea procede del mi smo lugar . De igual modo para el Poligono 
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de Ensayo , se escogio el material  de un sector inmediato al t e rre
no a construir . Debido a l a  b a j a  granulometria y excesiva plastici 
dad del material de t ierra fue necesario hacer una mezcla  agregan-=
do un 30%  de arena . 

Para aproximarse a l a  t 'cnica de b l o ques modelados in situ 
de los muros originales , se opto por l a  t'cnica de t a p i a l era con 
un molde sob redimension ado de 0 , 40 x 0 , 4 5 x 0 , 60 ,  dan do lugar al 
desbaste posterior a fin de dar l a  apariencia de los  muros origina 
les . Fue necesario superar a l gunas dificultades para esta t 'cnica 
de tapial con material de b a j a  granulomet r i a . Esto obligo a hidra
tar l a  mezcla  sobre los  ni veles requeridos , 10 que se manifesto 
en el  agrietamiento de los  b l o ques durante el  proceso de secado . 
Este inconveniente se supero ajustando l a  cant idad de agua en l a  
mezcla  y c o n  l a  colocacion d e  cobert i zos de hule para impedir l a  
rapida evaporacion e n  e s t e  amb iente d e  sequedad extrema . Al  con
cluir l a  a lbanileria a l a  altura de 1 , 7 5 en l a  E2 y 1 , 6 0 en l a  E 3 ,  
s e  desbastaron los  muros dej ando una leve inclinacion hacia e l  in
terior . Ademas , se corto un vano de ventana que se comunica con 
e l  espacio intermedio . En l a  E 3  se corto en el muro un vane de 
puert a ,  imitando este rasgo original de l a  dinamica de ocupacion . 

La reconstruccion hipot't ica de l a  t echumbre se h i z o  en base 
a evidenci a s  arqueologicas que mostraron indicadores d'b i l e s  de  
una armadura de techumbre en posicion radial .  Esto fue rapidamente 
acept ado , ya que resulta la solucion mas logica a la forma c ircu
lar de las estructuras y permite su construccion de forma conica 
aprovechando la Menor longitud de las v i gas . E l  uso de pies dere
chos en el  interior se pudo advert ir por hue l l a s  dej adas en l a  E 1 6  
que e s  l a  de mayor diametro del conjunto ( 7  m . ) 

Se hicieron las armaduras de techumbre radiadas y en forma 
conica con maderos de chanar ( gourl iaea cortican ) .  En la E 2  se co
locaron c inco pies derechos a media luz  de las v i gas radiales para 
aminorar l a  f lexion . En l a  E 3  no fue necesario el  uso de pies dere 
chos por su Menor t amano . Las v i gas se unieron con varillas costa-=
neras de 2 , 5  a 5 cm.  de diametro formando circulos conc'ntricos . 
Todas l a s  p i e zas de madera se amarraron con cuero de cam' lido ,  se
gun la t 'cnica vernacular andina . 

Las cub iertas se h i c i eron con una capa de 0 , 1 0 m .  de ramas 
de la especie arbus�iva brea ( at riplex),  colectadas en los alrede
dores del Sitio . E l  relleno se hizo con ramas verdes y secas que 
fueron colocadas en paquete s  en posicion radial . Sobre l a s  ramas 
se coloco una capa de barre de 0 , 0 5  m. de espesor , cuya dos i s  fue 
de un 7 0 %  de arci lla , un 30% de arena y un t ercio de volumen con 
paja de t r i go . Finalmente se coloco una cub ierta de t e rminacion 
que consistio en una mezcla  de un 2 5% de arc i l l a  mas un 7 5% de are 
na . Esta ult ima capa sel l ante de grietas y f i suras debera ser man-=
tenida const antemente ( E .  Muno z . , 1 9 8 7 , describe en det a l l e  l a  
construcc ion d e  l a  estacion d e  campo y poligono d e  ensayo ) 

� En uso como Estacion de campo , las casas reconstruidas ofre-

Graf. N °  3 Plano d e l  polfgono de 
ensayos y estaci6n de 
campo . 

Escal a :  Ldm 

cen una excelente adaptacion a l  c l ima del desierto , tanto por l a  
inerci a  t'rmica d e  sus mat er i a les , e l  espesor d e  sus muros , e l  t i 
p o  d e  techumbre y qui za , t amb i 'n ,  p o r  s u  forma c i rcula r .  En e l  am
b iente de Tulor de grandes oscilaciones de temperatura , las est ruc 
turas se mant ienen frescas de dia y c a l i das de noche . 

E l  usa como Poligono de Ensayo se ha diversificado entre medi 
c iones t 'rmica s ,  mediciones del desgaste de los muros expuestos 
a los v i entos abrasivos y al intemperismo en general .  Tambi'n se 
han ensayado soluciones " capping" ( 1 )  previamente a su aplicacion 
en los  muros originales . De mayor int er's han sido los tratamien
tos superficiales y pruebas con sustanc i a s  quimicas a base de s i l i  
cato d e  et i l o  ( 2 ) ,  gracias a 10 cual podrian ser aplicadas sin 
riesgo en los muros originales ( Ver graf . 3 ,  foto 4 )  

IV . 2 .  Investigacion : caracteri zacion de materiales y ensayos espe
cificos 

Las investi gaciones preliminares consistieron en l a  caracteriza
c ion f i sico-quimica del material  de t i e rra usado en l a  construc
cion de l a s  est ructuras .  Este material de procedenci a  aluvial se 
compone de un mayor porcent a j e  de arc i l l a , limo y arenas finas , 
por 1 0  que su granulometria es b a j a  y su plasticidad exagerada . 
La manifest ac ion fisica es un alto indice de retraccion y consi
guiente agrietamiento durante e l  proceso de fraguado . Los anal i s i s  
determinaron a l t a s  concentraciones d e  s a l e s  solubles , que varian 
en los dist intos lugares del yacimiento y t ambi'n en los  muros de 
las estructuras . Otras invest i gaciones se han orient ado a la esta
b i l i zacion de l a s  cabezas de muro , las que , como se ha mencionado , 
sufren un constante proceso deteriorante . 
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Foto N °  1 :  Deta11 e  de estructuras 
excavadas en pleno pr� 
ceso de deterioro . 

Foto N° 2 :  Estructuras sin exca
var ·casi extinguidas 
por los agentes degra
dantes . 
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IV . 2 . 1 .  Estrat igrafia de muros 

Los trab a j o s  de invest igacion y sondeo permi t ieron comprobar l a  
existenci a  de una estrat igrafia c l aramente definida , con dist intas 
propiedades mecanicas dentro de un mismo muro , si tuacion que se  
encuentra direct amente relacionada con los  mecanismos de deterioro 
que este sufre . 

Para e l  estudio de dicha estrat igraf i a  se h i z o  un pequeno cor 
te en e l  muro norte de la estructura N °  5 7  y se extraj eron las s i 
guientes muestras : 

Tabl a  I .  Estratigrafia del muro : 

Muestra Ubicacion Espesor Caract eristicas 
2 - 4  cm.  costra dura 1 

2 
3 
4 

superficial 
2°  estrato 
3° estrato 
muro no alte 
rado 

2-4  cm.  polvo muy fino , sin cohesion 
6 - 1 0  cm . muy duro y compacto 
no determ . material  homogeneo 

Tabla II . Ana l i s i s  de muestras por espectrometria de rayos X : Este 
ana l i s i s  permite identificar cuant itativamente los componentes mas 
import antes de la muestra . 

Muestra E l ementos anali zados % en peso 
F e 2 03 Ti0 2 CaO K2 0 S i OZ A1203 MgO Na 20 S03 Cl NaN03 

1 3 , 8 0 , 5  3 , 3  1 , 9  3 9  9 , 1  1 , 5  1 5  0 , 4  1 0 ,6 0 , 1 4  
2 3 , 8  0 , 4  4 , 6  2 , 0  4 1  9 , 6  2 , 0  1 3 , 5  0 , 2  1 0 , 0  0 , 1 9  
3 3 , 3  0 , 4  3 , 2  1 , 6  34 , 5 7 , 5  1 , 4  1 7 , 6  0 , 5  1 3 , 6  0 , 1 2 
4 4, 5 0,6 4, 1 2 , 8  59,4 1 4, 8  2 , 4  4,4 0 , 5  2,0 0 , 0 0 5  

Tabla  III . Determinacion 
las mal las , Norma ASTM ) 

granulometrica ( %  en peso que pasa por 
pH de muestras . 

Tami z N °  Muestra Muestra 2 Muestra 3 Muest ra 4 
4 1 0 0  1 00 1 0 0  1 00 

1 0  9 8  9 9  1 00 1 0 0  
2 0  96  98  9 9  9 8  
4 0  9 4  9 6  9 7  9 2  
6 0  9 2  94 9 4  8 6  

2 0 0  6 7  6 4  6 9  5 1  
pH 6 , 5  6 , 7  6 , 6  6 , 3  

IV . 2 . 2 .  Caracterizacion del mat erial de arrastre 

Se realizo una serie de ana l i s i s  que permitieran , mediante una 
aproximacion volumetrica , conocer la fuerza del impacto del mate 
r i a l  d e  superficie causado p o r  e l  v i ento sobre los muros d e  l a  Al
dea . 

Tabla IV . Determinacion de granulometria del material superfi c i a l  
d e  arrastre . 

Tami z 
% peso que 
pasa 

4 

1 0 0  

1 0  

6 8  

2 0  4 0  6 0  2 0 0  

3 5  3 2  2 8  8 

Tabla V .  Constantes f i sicas del materia l superficial  de arrastre . 

Densidad 
( Kg/m3 ) 

- Real saturada 

Material ret enido 
en ma l l a  # 1 0  

2 . 50 9 , 0  
2 . 40 6 , 0  
2 . 6 0 8 , 0  

- Real sec a 
- Neta 
Absorcion % 
- Coeficiente 

( particulas 

2 .  5 1  
volumetrico medio C 
retenidas en mal l a  # = 0 , 3 0 

1 0 )  

IV . 2 . 3 .  Soluci ones capping experiment ales 

Material  bajo 
mal l a  # 1 0  

2 . 6 06 , 0  
2 . 59 3 , 0  
2 . 7 3 7 , 0  

2 . 04 

Se experiment aron soluciones capping con mat eriales tradicionales 
como t ierra-arena-cemento y c a l . Los mej ores resultados se consi
guieron con una mezcla de l a  siguiente dosi s :  t i erra 2 0 , 0% + arena 
7 5 , 0% + cementa 2 , 5% + c a l  2 , 5% = 1 0 0 , 0  % mas un tercio del volu
men en fibra veget a l . 

E st e  capping se degrado casi totalmente 2 6  meses despues de 
su colocac ion deb ido a l  desgaste del viento abrasivo . Sin embargo , 
tie�e l a  vent a j a  de un desgaste parej o y no se produj o horadacion 
eol ica b a j o  la capa , efecto colateral muy frecuente cuando se apli 
ca esta t ecnica deb ido a la diferencia de dureza con los mate r i a� 
les de la cabeza de muro y la mezcla  capping . Esta mezcla  se probo 



Mat e r i a le s  

1 .  Cemento Portl and 
2 .  Cal h idraulica 
3 .  - Agente consolidante OR 

( Wacker Strengthener 
OR ) 

- Ridrorrepel ente 0 9 0 L  
y 0 9 0S ( Si l icona Wacker 
0 9 0 L  y 0 9 0S ) 
Wacker Chemie : GMBR Werk 
Burghausen 8 2 6 3 .  Burg
nausen/OBB West Germa
ny . Telefono ( 0 8 6 7 7 )  
8 3 2 2 2 2 ,  Telex 5 6 9 4 4 . 
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en altura de 1 , 7 5 m. ( en el  P o l i gono de Ensayo ) con resultados op
t imos comprobados 4 afios despues de su colocacion . 

IV . 2 . 4 .  Ensayo de consolidacion e hidrorrepelencia en muros del 
poligono de ensayos 

De acuerdo a los  objetivos para cuales fue creado e l  p o l i gono de 
ensayo , se han reali zado sobre sus muros numerosas pruebas de t r a 
t amiento superfi c i a l  con product os a base d e  s i l icato d e  et i l o  fun 
damenta lmente . Dichas pruebas , cuya finalidad ha sido la de verifi 
car e l  a decuado comportamiento de los product os en el c l ima deser� 
tico del norte de Chile , ha permitido a l a  ve z ,  opt imi zar e l  meto 
d o  d e  aplicacion y determina r ,  previo e studio d e  l a s  condi c i ones 
amb ientales , las horas del dia  adecuadas para reali zarlo . 

Como un primer acercamiento al problema , el uso del p o l i gono 
de ensayo ha side alt amente provechoso , pudiendo comprobarse en 
primera instancia que la proteccion de las zonas tratadas en los  
muros h a  s ido efectiva contra los  agentes deteriorantes . 

IV . 2 . 5 . Ensayos de consolidacion e h i drorrepelencia de soluciones 
capping con tecnica de apisonado 

En vista de los resultados obtenidos en el  poligono de ensayo , se 
profundizo en l a  investi gacion , aplicando e l  t ratamiento superfi
c i a l  a muestras realizadas con t ecnica de apisonado ( so lucion ca
pping en proceso de invest i gacion ) Para t a l  efecto se fabricaron 
30 cubos de t ierra de Tulor de 64 cm3 ( 4  x 4 x 4 )  
1 0  cubos muestras test igo 
1 0  cubos consoli dante ( Wacker Strengthener OR ) 
1 0  cubos consolidante + h idrorrepelente ( Wacker S .  OR + S i licona 

Wacker 0 9 0 L ) 

E stos ensayos , actualmente en desarrol l o , t ienen como objeti
vo comparar e l  comportamiento del mate r i a l  a l  ser sometido a proce 
sos de erosion y comprension , asi como impregnacion con niebla sa� 
l ina . 

De los  result ados que se obtengan de estos ensayos dependera 
la aplicacion de los productos mencionados a l a  solucion capping 
definitiva . 

V .  Conclusiones 

E l  Sit i o  Tulor 1 proyecta su importanc i a  a diversas areas de inte
res c i ent ifico . Ademas de contribuir con import antes indicadores 
para l a  arqueologia como asentamiento sedent ario t emprano ; para 
la h istoria de las t ecnologias represent a e l  Sitio conocido mas 
anti guo construido de t i erra hasta ahora en Chi le . 

Las invest igaciones reali zadas sobre l a s  condiciones y probl� 
mas de conservacion que afectan a l  yacimient o ,  conl levan a presu
mir que es poco probab l e  crear las condi ciones necesarias para que 
permanezca como sitio excavado para ser exhibido . No obstant e , l a  
degradac ion de l a s  estructuras , aun est ando enterradas , h a c e  nece
saria l a  invest igacion de t ecnicas especificas para estab i l i zar 
las cabezas de muro en con stante deterioro por los agentes mencio
nados . Estas soluciones se deberan complement ar con l a  col ocacion 
de barreras de control eolico y l a  elaboracion de un plan permane� 
te de preservacion del Sitio post intervencion . 

Los avances que se han logrado hasta ahora y que aun se inves 
t igan se relacionan con l a  t ecnica para l a  estab i l i zacion de l as 
cabezas de muro mediante e l  reemp lazo del material  de t i erra , con
t aminado y degradado irreversiblemente , por una mezcla  de arc i l l a  
y arena d e  granulometria controlada . E s t a  es aplicada e n  los  muros 
mediante e l  apisonado , lograndose una efect iva integrac ion entre 
el  mat e r i a l  del muro y e l  de reemp la zo . Las cabezas de muro estabi 
lizadas serian somet idas a t ratamiento a base de s i licato de et i� 
1 0 , en caso de obtener buenos resultados con este producto .  

Por t ratarse de un proyecto actualmente en desarro l l o ,  los  
resultados se encuentran en proceso de elaboracion , por  1 0  cua l , 
seran dados a conocer posteriormente . 
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ABSTRACT 

The m a j o r i t y o f  p r e h i s t o ric  
struc tures in southern Africa 
were constructed of daga , a 
l ocal clayey soi l which is s t i l l  
being used for bui lding houses 
in the rural areas . Al though 
the material does not normal ly 
survive for l ong periods , at 
same archaeol og i cal s i tes the 
s truc tures remain as evidence 
of the I ron Age c ommuni t ies .  I f  
these ruined struc tures are t o  
be presented to the publ ic  as 
s i te museums , there is a need 
to preserve them . In southern 

Africa , conservat i on of archae
ological si tes has placed empha
sis on dry s t one wal l s  and 
neglected the daga structures . 
The goal of the current research 
programme is to redress this 
si tuat ion .  The project seeks to 
understand the material and the 
causes of deteriora t i on of the 
prehi s tori c structures by doc
ument ing the symptoms of dis
t ress and nature o f  decay as so
c,i a t i oti wi th them. Thi s  approach 
is already yielding resu l t s  
which are he lping t o  underst and 
the behaviour o f  the material 
and struc tures bui l t  o f  daga . 

Conservat ion , prehis toric 
structures , Excavated s tructures, 
Pat terns of decay , Wat t le and 
daub , Southern African vernac
ular archi tecture , Phys ical and 
chemical compos i t ion of daga . 
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AN I NVES T I GAT I ON I NTO THE PATTERN OF DETER I ORAT I ON OF DA GA ( EARTH ) 
STRUCTURES AT Z I MBABWE TYPE MONUMENTS 

We bber N d o r o  
N a t i on a l  Mu s e ums a n d  Monumen t s  
Gre a t  Z i mbabwe R u i n s  
P .  B a g  9 1 5 8  
Ma s v i n g o  
Z i mbabwe 

I NTRODUCT I ON 

The Z i mb abwe - t ype monumen t s  s c a t t e r e d  a l l over S o u t he r n  A f r i c a  
a r e  we l l -known by b o t h  a c adem i c  r e s e a r c h e r s  and t our i s t s  f o r  
t he i r  p r e h i s t o r i c  d r y  s t one wa l l  s t r u c t u r e s . The r u i n ed monumen t s ,  
who s e  s e t t l emen t p a t t e rns re f l e c t  t h e  s o c i o e c onomi c a r r an g emen t 
and c u l t u r a l  e t h o s  o f  the A f r i c an I r on Age c ommun i t i e s , a r e  d a t ed 
AD 1 1 0 0  - 1 5 0 0 . More t han 1 5 0  o f  t h e s e  dry s t one o r  Z i mb a bwe 
t ype monumen t s  have been r e c o rded i n  s o u t he r n  A f r i c a . The mo s t  
f amous and l a r g e s t  o f  t he s e  I r on Age monumen t s  a r e  t h e  Gr e a t  
Z i mb abwe r u i n s , wh kh oompr i s e  t he d r y  s t one w a l l s  and nume r o u s  
d a g a  ( e ar t h ) s t r uc t u r e s  o f  vary i n g  s i z e s , c o n s t ru c t ed over a n  
a r e a  o f  approxima t e l y  7 2 0  hec t a r e s . Thi s  anc i en t  se t t l emen t , 
wh i c h  p r o v i ded mo s t  o f  t he d a t a  i n  t h i s  paper , i s  l o c a t ed 2 9  km 
s o u t h -e a s t  o f  Ma s v� n g o , a modern t own i n  s o u t h - c e n t r a l  Z i mb abwe . 

The dry s t one w a l l s  t o  wh i c h t he a c adem i c  r e s e a r c h e r  and 
t he v i s i t o r s  have b e en a t t r a c t e d can on l y  be de s c r i bed a s  the 
ske l e t on o f  t he p r e h i s t o r i c  monumen t s .  The f l e s h  i s  t he , dwe l l i n g  
s t ru c t u r e s , b u i l t  w i t h  Af r i c a ' s  mo s t  c ommon i nd i g en o u s  bu i l d i n g  
ma t e r i a l , dag a , a pudd l ed c l ayey s o i l ,  b i n d i ng t o g e t h e r  n a t ural ly 
we a t he r e d  g r an i t e  g r ave l a g g r e g a t e .  When dry , the m i x t u r e  
f o rms a durab l e  ma t e r i a l , wh i ch i s  de s c r i bed as " da g a  c emen t "  
o r  " g r an i t e  cemen t "  b e c a u s e  o f  i t s c h a r a c t e r i s t i c s . I n  p r e 
h i s t o r i c  t imes , t he b u i l de r s  u t i l i z ed t he p l a s t i c  p r o p e r t i e s  o f  
t he ma t e r i a l  wh i c h was we t ,  t o  c o n s t r uc t s u b s t an t i a l  r ound 
ho u s e s  and mo u l d ed f i t t i n g s  o n  the wa l l s  and f l o o r s . The f i t tings 
were ma i n l y  benche s , k e r b s  and b a s i n s . At t imes , d e c o r a t i ve 
mo t i f s were p l a c e d  on t h e  wa l l s or f l o o r s  [ 1 ] . S ome o f  t h e  d a g a  
f e a t u r e s  a r e  l e s s  e a s i l y i den t i f i ab l e  t oday . D i f f e r en t d a g a  
s u r f a c e  t ex t u r e s  a n d  c o l ou r  chan g e s  were a c h i eved by e x p l o i t i n g  
t he var i e d  c l ay m i n e r a l  d e p o s i t s  wh i ch were de r i ved f r om t he 
l o c a l  paren t g e o l o g y . The mos t c a r e f u l l y  s e l e c t ed and w o r ked 
d a g a  p r o d u c e d  a hard , smoo t h  s u r f a c e  wh i c h w a s  a b l e  to  s u r v i ve 
c on s i de r a b l e  wear and expo s u r e . The ma t e r i a l  was a l s o u s e d  f o r  
c o n s t r u c t i n g  sme l t i n g  f u rn a c e s  and g r a i n  b i n s . S ome o f  t he d a g a  
s t r u c t ur e s  h a v e  pa r t i a l l y s u r v i ved i n  var i o u s  f o rms f o r 5 0 0 - 6 0 0  
y e a r s . I n  p r e h i s t o r i c  t imes , t he d omes t i c  d a g a  s t r u c t ur e s  were 
e n c l o s e d  by t he dry s t o ne w a l l s ,  in  o rder to  d i v i d e space i n t o  
a r e a s  and f o rm c o u r t yards and enc l o s u r e s . I n  s ome s e c t i on s  o f  
t he s e t t l emen t ,  t he s t one w a l l s  w e r e  a l s o p l a s t e r e d  w i t h  d a g a  
s o  that  t he e n c l o s u r e  pre s e n t ed a homo g e n o u s  appe a r a n c e  w i t h  
the dwe l l  i n g s . 

BACKGROUND TO I NVESTI GAT I ON S  

A l t h o u g h  s ome a t t emp t s  have b e e n  m a d e  o v e r  the p a s t d e c a d e  t o  
c o n s erve t he s t r u c t u r e s  a t  Z i mb abwe - t ype monumen t s , mo s t  c on s e r 
va t i o n e f f o r t s  have f o c u s e d  on t h e  d r y  s t one w a l l s  t o  t h e  ex
c l u s i on of t he d a g a  f e a t u r e s  [ 2 , 3 ] .  Howeve r , i t  shou l d  be 
r e c o g n i s e d  t h a t  t he daga s t ruc t u r e s  are p ar t of t he mo numen t s , 
and i t  i s  d i f f i c u l t t o  v i s u a l i s e  t he s i t e s  i n  t he i r  p r o p e r  
h i s t o r i c a l  p e r s pe c t i v e  w i t h o u t  t hem . Ove remphas i s  on t h e  d r y  
s t one w a l l s  g i ve s  v i s i t o r s  a n d  r e s e a r ch e r s  a s l i gh t l y  d i s t o r t ed 
i n t e r p r e t a t i o n  of  t h e  Z i mbabwe - t ype monumen t s .  

U n l i ke t he dry s t one w a l l s ,  very f ew d a g a  s t r uc t ur e s  rema i n  
above g r ound . Mos t o f  t h e  s t ru c t u r e s  a r e  con c e a l e d b y  v e g e t a t i on, 
s o i l and rubb l e  depo s i t s . O f  t h o s e  above g r ound , on l y  p a r t i a l 
s t r u c t u r e s  s u r v i ve a s  ev i de n c e  o f  t h e  pr o t o -h i s t o r i c  f e a t ur e s . 
The e v i d e n c e  o f  t h e  unde r g r o und s t r u c t u r e s  a r e  t he nume r o u s  
mounds s c a t t e r e d  i n s i d e  a n d  ou t s i d e  t h e  d r y  s t one e n c l o s u r e s . 
The mounds are t he r e s u l t s  o f  t he de t e r i o r a t i o n  o f  the o n c e  
c omp l e t e  d a g a  s t r u c t u r e s . Ar chae o l o g i c a l  exc ava t i on o f  t h e s e  
r e ve a l  t he rema i n s  o f  t h e  p r e h i s t o r i c  d a g a  f e a t u r e s . I n  s ome 
c a s e s , t h e s e  w i l l  be f l o o r  f i t t i ng s ,  d i v i d i n g  w a l l s  and , a t  
t imes , ar t i s t i c a l l y  mo u l ded and d e c o r a t i ve f e a t u r e s  o f  h o u s e s  
expr e s s i n g s ome t h i n g  o f  t h e  s ymbo l i c  a n d  f i g u r a t i v e  e t ho s  o f  t h e  
pro t o -h i s t o r i c  c ommun i t i e s . I f  t h e s e  s t ru c t ur e s  a r e  t o  be made 
t he s u b j e c t  of p r e s en t a t i on or r e s e a r ch work , t h e r e  i s  a need t o  
re t a r d  t he p r o c e s s  o f  d i s i n t e g r a t i on and de t e r i o r a t i on .  Th i s  i s  
even m o r e  c r i t i c a l  f o r t he r u i ned s t ru c t u r es above g r ound . I f  
l e f t  t o  t he r a va g e s  o f  n a t ur e , t h e y  w i l l  b e c ome mean i n g l e s s  
mounds o f  s o i l do t t ed i n  and a r o und t he dry s t one monumen t s .  
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At t he Gr e a t  Z i mb a bwe ru i n s s ome a t t emp t s  w e r e  made two d e c a d e s  
a g o  t o  p r e s e rve t h e  d a g a  s t r u c t u r e s  u s i ng chemi c a l  wa t e r -r e pe l 
l e n t s , The s e  p r e l i m i nary a t t emp t s  f a i l e d ,  pa r t l y due t o  i n a d 
equa t e  unde r s t an d i n g  o f  t h e  de t e r i o r a t i o n mechan i sms , a n d  t o  t h e  
h i gh c o s t s  o f  t he t r e a tmen t . The pr imary a i m  o f  t h e  p r o j e c t  
r e p o r t ed i n  t h i s  paper i s  t o  d o c umen t and quan t i f y t h e  n a t ur e  
o f  d e c a y  a s s o c i a t e d w i t h  d a g a  s t r uc t ur e s . I t  i s  hoped t h a t 
t h i s  w i l l  g i ve an i n s i gh t  i n t o  t he f a i l u re mechan i sm and p r o v i de 
p r a c t i c a l  g u i d e l i n e s  f o r t he c o n s e rva t i on of  p r e h i s t o r i c  rema i n s . 
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Gener a l l y ,  phys i c a l  we a t he r i n g , a t mo s phe r i c  c o nd i t i o n s , moveme n t  
o f  s o l uab l e  s a l t s and b i o de t e r i o r a t i on a c c o un t  f o r  mo s t  o f  t he 
d e c a y  a s s o c i a t e d  w i t h  d a g a  s t r u c t u r e s . However , t he r a t e  o f  
d e t e r i o r a t i on i s  a f un c t i on o f  t he daga c ompo s i t i on , t ex t u r e , 
c o n s t ru c t i on me t h o d s  and s u b s e quen t u s e  o f  t h e  s t ru c t ur e s . 
P r e h i s t o r i c  daga s t r uc t ur e s  r e pr e s en t an e n d - p r o duc t o f  t h e  
s e q u e n c e  o f  even t s  r a n g i n g  f r om c o n s t ru c t i on a n d  o c c upa t i o n t o  
aband onmen t and t r ans f o rma t i on t o  a par t i a l l y e r o d i n g  a r c h a e o 
l o g i c a l  f e a t u re . I n  t he c a s e  o f  excava t e d  s t r uc t ur e s , a new 
p r o c e s s  o f  t r ans f o rma t i on and d e c a y  w i l l  be g i n  a g a i n  a s  s o on as 
t hey a r e  expo s e d  to  t h e  "new env i r onmen t "  above g r ound . I n  
o r d e r  t o  under s t and t h e  pa t t e rn o f  d e c a y  i t  was n e c e s s a r y  t o  
be g i n  i nv e s t i g a t i on s  by ana l ys i n g  t n e  de s i g n s  and me t hods o f  
c o n s t r uc t i on emp l oyed by c ommun i t i e s  s t i l l  u s i n g  t he ma t e r i a l . 
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I n  s o u t he r n  A f r i c a  d a g a  h o u s e s  a r e  s t i l l  b e i n g  c on s t ru c t e d ,  
a l be i t  w i t h  s ome modi f i c a t i on o f  t he p r o t o -h i s t o r i c  me t hods . 
However , s t u dy o f  t he c o n t empo r a r y  c o n s t r u c t i o n  me t h o d s  c an 
g i ve i n s i g h t  i n t o  t he f a i l ur e  me chan i s ms a s s o c i a t e d w i t h  s u c h  
s t r u c t u r e s  a n d  an i n d i c a t i on o f  the na t u r e  o f  s t r u c t u r a l  pr o b 
l ems e n c oun t e r e d  when u s i n g  d a g a  a s  t he pr imary b u i l d i n g  
ma t e r i a l . S u c h  s t udy p r o v i d e s  a n  ove rv i ew o f  t he i n he r e n t 
weakn e s s  i n  the c o n s t r u c t i on me t h o d s  and a l s o  i n d i c a t e s  l i ke l y  
pa t t e rns o f  u s e -wear be f o r e  aband onmen t .  Howeve r , t h e r e  i s  a 
weakn e s s  i n  us i n g  s u c h  a me t hod o f  an a l ys i s :  t h a t o f  a s s um i n g  
tha t n o  chan g e s  i n  c on s t r uc t i on and u s e -wear o c c u r r e d  f r om 
p r e h i s t o r i c  t imes t o  t he p r e s en t . Today we know t h a t a l a r g e  
p e r c en t a g e  o f  d a g a  s t r u c t ur e s  a r e  o n  a t empo r a r y  b a s i s  un t i l  
t he own e r  c an a f f or d  t o  bu i l d i n  b r i c k . Thu s , t he t empor a r y  
n a t ur e  a f f e c t s  t he de s i g n  and c on s t r u c t i on p r o c edur e s . 

C on t empor a r y  daga h o u s e  c on s t r uc t i o n  be g i n s  b y  b u i l d i n g  
a t i mb e r  f r amewo rk wh i ch i s  t hen p a c ked a n d  p l a s t e r e d  w i t h  d a g a  
bo t h  i n t e r n a l l y  a n d  e x t e r n a l l y .  The bu i l d i n g  me t h o d  i s  s im i l a r 
t o  w a t t l e and daub c on s t ru c t i o n . On l y  t he f l o o r s  and i n t e r n a l 
f i t t i n g s  are made exc l u s i v e l y  o f  daga ma t e r i a l . The s u r f a c e  

'f i n i sh and hen ce t he d a g a  m i x t ur e  u s e d  o n  t h e  f l o o r  i s  d i f f e ren t 
f r om t ha t  u s e d  on t he w a l l s .  The f l o o r  ma t e r i a l  c on t a i n s  a 
h i gher ra t i o  o f  c l ay t o  g r ave l . Th i s  g i ve s  t h e  ma t e r i a l  g r e a t e r  
p l a s t i c i t y f o r mou l d i n g  s u c h  f i t t i n g s  as  t he f i r ep l a c e , t he 
ben c h  and wa l l  she l ve s . A t  t imes , c ow dung i s  added t o  the 
ma t e r i a l  to  a c t  as  a b i n d e r  and f or c o l our va r i a t i on s . F o r  t h e  
wa l l s ,  t he g r ave l r a t i o  i s  i n c r e a s e d  t o  g i ve t h e  s u r f a c e  a 
r o u g h e r  b u t  s t r on g  f i n i s h .  Du r i n g  o c c u pa t i on the h o u s e i s  
r e g u l a r l y  p l a s t e r e d  us i n g  a weaker daga m i x t ur e  a t  l e a s t  o n c e  
e v e r y  two t o  t hree yea r s . Howev e r , t he f l o o r  r e c e i ve s  a m o r e  
re g u l a r  ma i n t en a n c e  by hav i n g  a c ow d u n g  c o a t i n g  a t  l e a s t  o n c e  
every t h r e e  mon t hs . Th i s  g i ve s  a hard p r o t e c t i on t o  t he s u r f a c e .  
Du r i n g o c c up a t i on ,  t he re s t  o f  t he s t r uc t u re r e c e i ve s  adequa t e  
pro t e c t i on f r om t h e  e l emen t s  t h r o u g h  p r o p e r  ma i n t e n a n c e  o f  t he 
t h a t ched r o o f . Mo s t  p e o p l e  p r e f e r  bu i l d i n g  on bed r o c k  i n  
o r d e r  t o  avo i d  wa t e r l o g g i n g  and t e rm i t e  a t t a ck . 

Be s i d e s  t h e  expe c t e d shr i nk a g e  f r a c t u r e s ,  c r a c k s  appear 
on t he s t r u c t u re j u s t  a f t e r  c o n s t r u c t i on .  The s e  t e nd to  f o l l ow 
t he j o i n t s  b e tween t h e  f l o o r , f i t t i n g s  and wa l l .  The s e  c r a c k s  
are n o rma l l y c o v e r e d  up dur i n g  r o u t i n e ma i n t e n a n c e  by p l a s t e r i n g .  
D e s p i t e  r e g u l a r  ma i n t enan c e , t w o  a r e a s  o f  f l o o r  u s ua l l y show 
s i g n s  o f  d i s t r e s s  due t o  use wear . The s e  a r e : 

( a l  The f i r e p l a c e , wh i ch g e n e r a l l y  exhi b i t s  m u l t i p l e  m i c r o 
f r a c t u r e s  s u p e r i mp o s e d  on l a r g e  deep r a d i a l  c r a c k s  
( F i g . 1 a l . Thi s i s  l a r g e l y  d u e  t o  t he c o n t i n u o u s  he a t i n g  
a n d  u s e  o f  t h i s a re a . Apar t f r om c o ok i n g , t h i s s p a c e  i s  
t he mo s t  u t i l i z ed a r e a  i n  t he h o u s e . 



MAP I .  S o u t h -c en t r a l  A f r i c a  
show i n g s i t e s  and a r e a s  
men t i oned i n  t he t ex t . 
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( b )  The d o o rways and s t e p p l a t f o rms wh i c h show mu l t i p l e  m i c r o 
f r a c t u r e s  and f l ak i n g  o f  t he d a g a  s u r f a c e . Th i s  a r e a  i s  
s ub j e c t e d  t o  d i f f e ren t i a l mo i s t ur e  and s un l i g h t  chan g e s  
( F i g .  1 c ) .  

The p e rmu t a t i on o f  c r a c k s  on a l l  t he s e  a r e a s  v a r i e s  w i t h t h e  
g e ne r a l  u s e  o f  t he s t ru c t ur e . 
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The w a l l s .  wh i ch g e n e r a l l y have a r o ugh s u r f a c e  f i n i sh bo t h  
i n t e r n a l l y and ex t e r n a l l y .  d o  no t u s ua l l y s u f f e r  f r om s u r f a c e  
f l ak i n g  o r  m i c r o c r a c k i ng . The mo s t  c ommon s ymp t oms o f  d i s t r e s s  
o n  wa l l s  a r e  v e r t i c a l  c r a c k s . wh i c h t end t o  c o r r e s p o nd w i t h t he 
a l i g nme n t  o f  t he i n t e rna l t imber f r amewo rk . I n  s e r i ou s  c a s e s  
o f  f a i l u re . b l o c k s  o f  d a g a  c o l l ap s e  and expo s e  t he t imber 
f r amewo rk . Rep a i r  i s  n o rma l l y  done by r e p l a s t e r i n g ; t h e  s u c c e s s  
o f  t h i s  depends o n  f i nd i ng a s u i t ab l e  q u a r r y  w i t h  c ompa t i b l e  
ma t e r i a l . I n  s ome c a s e s . r andom deep c r a c k s  o c c u r  due t o  t e rm i t e  
a t t a c k  o n  t he t imber f r ame . I f  t he c r a c k s  a r e  t h r e a t e n i n g t he 
s t ab i l i t y o f  t he s t ru c t u re . rebu i l d i n g  i s  n o rma l l y c a r r i e d ou t .  
When t he s t ru c t ur e  i s  abandoned . t he t h a t ched r o o f  i s  u s u a l l y  
t he f i r s t  t o  d e c a y  and c o l l ap s e  due t o  l a c k  o f  ma i n t e nan c e . 
Th i s  expo s e s  t he unde r l y i n g  d a g a  s t ru c t u r e  t o  the na t u r a l  
e l emen t s . The r e s u l t i s  a r u i n  and . w i t h  t ime . t he d e c ay i n g  
d a g a  w i l l  a p p e a r  l i k e  a mound . 
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A f t e r  ana l y s i n g t he pa t t e rn o f  d a g a  de t e r i o r a t i o n  i n  c o n t empo r a r y  
v e r n a c u l ar a r c h i t e c t u re . t he p r o j e c t  t hen d o c ume n t e d  t h e  d e c ay i n  
p r e h i s t o r i c  s t r u c t u r e s . The purpo s e  was t o  i den t i f y f a c t o r s  o f  
d e c a y  c a u s e d  b y  abandonme n t  a n d  t h o s e  p r o b l ems wh i c h c o u l d  b e  
a t t r i bu t e d t o  c on s t r u c t i on a l  weakn e s s  a n d  u s e -wear . A l l t he 
s u rv i v i n g s t r u c t ur e s  wh i ch were s t i l l  above g r ound w e r e  l o c a t e d 
i n  r e g i on s  w i t h  l ow p r e c i p i t a t i on and w i t h  s o i l f o rma t i o n o f  
r e dd i s h g r an i t e  c l ays ( T ab l e  I .  Map 1 ) . 

No 

1 

2 
3 
4 

5 
6 
7 

8 

9 

10 

11 
- -

S i t e  

Khami 

" 

" 

Ihlodlo 

" 

Great 
Zimbabwe 

" 

" 

Tsindi 

Nyanga 
- - - - -

*Ho t =  above 

Soi l  Type 
red-brown 
c l ayey sands 

" 

" 

red-brown 
clayey sands 

" 

" 

grey c layey 
sands 
red sandy 
c l ay 

" 

brown-red 
cl ayey sands 
red sandy clay 

- - - - - - - -

C l imate 

ho t/dry 
" 

" 

" 

" 

" 

" 

" 

hot/wet 

" 

" 

" 

cool /wet 
- - - -

Condi t i on 

above ground 
" 

" 

" 

" 

" 

" 

above ground 
( badly eroded ) 
excavated 

" 

" 

recons t ructed 
- - - - - - - -

18 C .  Cool =  below 1 8  C ;  We t =  above 80Omm . 

Struc ture Type 

plas tered stone 
wal l s  
f loor and wal l  
f loor and features 
f l oors . wal ls  and 
features 
f l oors and wal ls 
f loor and features 
f l oors and wal l  

f loor and features 

f l oors . wal ls and 
eroding features 
f l oors and features 

complete houses 
wi th_ fi t 1 iogs _ 

dry= bel ow 800mm 
- -

Table I :  Distribu t i on of prehi storic daga struc tures and their condi t i ons 

A l t ho u g h  t he p r e h i s t o r i c  s t r uc t ur e s  show s ome g e ne a l o g i c a l  
r e l a t i on s h i p s  w i t h  p r e s en t -day s t r uc t ur e s . a r chaeo l o g i c a l  e v i 
den c e  i nd i c a t e s  s ome s ub t l e  d i f f e r e n c e s  i n  t he i r  des i g n and c o n 
s t r u c t i on .  The p r e h i s t o r i c  s t ru c t ur e s  w e r e  de s i g n e d  t o  l a s t . 
and w e r e  m o r e  c ompl ex t han t he more r e c e n t  s i n g l e - c omp a r tme n t  
hu t -dwe l l i n g  synonymous w i t h  d a g a  ma t e r i a l . 

The p r e h i s t o r i c  ho u s e s  were o f t en d i v i ded i n t o  two o r  
t hr e e  c omp a r t men t s . w i t h  vernadahs . c omp l ex i n t e r i o r p l a t f o rms 
and f i t t i n g s . S ome w a l l s  s e em n o t  t o  have i n c o r p o r a t e d a 
t imber f r amewo r k  w i t h i n  t he d a g a  ma t r i x  and were non - l o a d  
b e a r i ng . The r o o f  w a s  s uppo r t ed b y  t he ou t s i de ve randah p o s t s .  
The non - l o ad b e a r i n g  w a l l s  were u s ed t o  p r o t e c t  and d i v i d e 
i n t e r i o r  s p a c e . The v e r andah s ome t imes had a l ow d a g a  wa l l  
ar ound i t . The s u r f a c e  f i n i s hes f o r  the wa l l  and f l o o r  we re 
s i m i l a r . and at  t imes d e c o r a t ed [ 4 ] . The re is  e v i d e n c e  o f  
f i r i ng t he d a g a  s t ru c t ur e  i n  o r d e r  t o  g i ve i t  c o l o ur and 
durab i l i t y .  

The po s t - c o l l ap s e  appe a r a n c e  o f  p r e h i s t o r i c  s t r u c t u r e s  i s  
cha r a c t e r i s ed b y  a r andom heap o f  d a g a  b l o c k s . deep v e r t i c a l  and 
ho r i z on t a l  c r a c k s . and a g e ner a l  l o s s  of  shape . In s ome c a s e s . 
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r o o t s  o f  p l a n t s  have pene t r a t e d  t h e  c r a cked and e r o d i n g  s t ru c t u r es .  
The t o p s e c t i on o f  t he w a l l s  shows s i g n s  o f  we a t he r i n g . w i t h  mo s t  
o f  t he e d g e s  e r o d i n g  away . The i n t e r i o r s u r f a c e  o f  mo s t  o f  t h e s e  
c u rv i l i n e a r  w a l l s  show s i g n s  o f  s e r i ou s  e r o s i on . a n d  t he ex t e r io r  
s u r f a c e s  exhi b i t a p e c u l i a r f l ak i n g  t ow a r d s  t he b a s e  o f  t he wa l l  
( F i g s . 2 . 3 )  

The f a i l u re pa t t e rns on t he f l o o r s  and i n t e r n a l  f i t t i n g s  
a r e  s im i l a r t o  t h o s e  i n  t he p r e -depo s i t i on s t r u c t u r e s  exc ep t t h a t 
t he r av a g e s  o f  t ime make t hem appear wo r s e . I n  a r e a s  whe r e  t i mber 
p o s t s  had b e e n  dug i n t o  t he f l o o r . undu l a t i n g  c r a c k s  have t e nded 
to deve l op r ad i a l l y  ( F i g . lb ) .  Be s i d e s  t h e s e . r a n d om l y  d i s t r i 
b u t ed c r a c k s  w e r e  n o t i c ed i n  mos t f l oo r s . Da t a  o b t a i n e d  when 
mon i t o r i n g  t h e s e  f l o o r  c r a cks by u s i n g  l eve l s  and s t r a i n  g a u g e s  
su g g e s t e d t ha t  t hey w e r e  no t ac t i v e . a l t h o u g h  t hey p r ov i de 
po t e n t i a l  a r e a s  t hr o u g h  wh i c h we a t he r i ng and e r o s i o n  a g e n t s  
c o u l d  s t a r t  t he p r o c e s s  o f  d e c a y . The e d g e s  o f  t he f l o o r s  a l s o 
showed s i g n s  o f  c on t i n u o u s  d e c a y  due t o  m i c r o - e r o s i on and 
a b r a s i on .  W i t h  t he new l y  e x c ava t e d s t ru c t u r e s . m i c r o f r a c t u r i n g  
and f l ak i n g  w a s  a g en e r a l  phenomen on . The s e  g ave a r o u g h  and 
unde s i r ab l e  appe a r a n c e  t o  the f a br i c  o f  the s t ru c t ur e . The 
f i r ed f l o o r s  show n o  s i g n s  o f  t h i s t y pe of de t e r i o r a t i o n bu t 
a r e  weak i n  c ompr e s s i on ( F i g . 4 ) . 
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Pre -depo s i t i on c r a c k s  and p a t t e r n s  o f  f a i l u re i n  mo s t  c a s e s  s e em 
n o t  t o  exh i b i  t movemen t .  Howeve r . t hey t e nd t o  f o rm z o n e s  o f  
weakn e s s  wh i ch f a c i l i t a t e  t he deve l opme n t  o f  s u b s equen t p r o c e s s e s  
o f  d e c a y . The s e  eman a t e  f r om env i r onme n t a l  f l uc t ua t i on s  a n d  l a c k  
o f  ma i n t e n a n c e  a f t e r  aband onmen t .  Cur ren t r e s e a r c h  has f o c u s e d  
on exp e r imen t a l  w o r k  a n d  on the i nv e s t i g a t i on o f  t he chem i c a l  a n d  
m i n e r a l o g i c a l  p r o p e r t i e s  o f  t he ma t e r i a l  i n  o r d e r  t o  exp l o r e  
f u r t h e r  t he f a i l u r e s  o b s e r ved . Ten t a t i v e  r e s u l t s  o n  t he d a g a  
s t r uc t u r e s  a r e  be g i nn i n g to  g i ve an i n s i gh t  i n t o  t he i r  f a i l u re 
mechan i sm .  

The i n i t i a l  i nv e s t i g a t i on i n t o  t he chem i c a l  and m i n e r a l o g 
i c a l  n a t u re o f  t he d a g a  was c a r r i e d o u t  o n  s amp l e s  f r om t he Gre a t  
Z i mbabwe r u i n s . The a i m w a s  t o  i nv e s t i g a t e  t h o s e  phys i c a l  and 
chemi c a l  p r o p e r t i e s  wh i c h m i g h t  c on t r i b u t e  t o  t he de t e r i o r a t i on 
o f  t he ma t e r i a l . S amp l e s  f r om t wo s t ru c t u r e s  wh i ch w e r e  r e p r e 
sen t a t i v e  o f  t h e  p o s s i b l e  t yp e s  o b s e rved a t  G re a t  Z i mb a bwe were 
ana l ys e d . The s e l e c t i on was based on c o l ou r  d i f f e r e n c e s  o f  the 
g r ey and r e d / b r own d a g a . R e s u l t s  of t he m i ne r a l o g i c a l  ana l ys i s  
i nd i c a t e  t ha t t he ma t e r i a l s  are f r om d e c ompo s i ng l o c a l  g r an i t e  
( S e e  Tab l e  I I ) .  Chemi c a l l y  t he ma t e r i a l  h a s  a h i gh c o n t e n t  o f  
s i l i c a  and a l um i n a  and a l s o c on t a i n s  mode r a t e  amoun t s  o f  i r on and 
p o t a s s i um .  Chemi c a l  t e s t s  a l s o c on f i rm a r chaeo l o g i c a l  d a t a  wh i c h 
i nd i c a t e  two s o u r c e s  o f  q u a r r y i n g  f o r  t he d a g a . F i r i ng o f  d a g a  
s t r u c t u r e s  i n  o r d e r  to  a c h i eve dura b i l i t y is  a l s o  i nd i c a t e d by 
t he de f i c i en c y  in k a o l i n .  

Exp e r imen t a l  work shows t h a t  g i ven a g o od qu a l i t y o f  d a g a  
f r om h i s t o r i c a l l y  known qua r r i e s . w a l l s  a r e  p r i ma r i l y a f f e c t e d by 
c o n s t r uc t i o n de s i g n and c l i ma t i c  f a c t o r s . The use o f  t i mbe r  up
r i g h t s  i n t r o d u c e s  two p r o b l ems : d i f f e ren t i a l  t h e rma l c o e f f i c i en t  
o f  expans i o n  o f  t h e  ma t e r i a l s  and po t e n t i a l  a t t a ck by t e rm i t e s . 
The re are a l s o d i f f i c u l t i e s  when d a g a  i s  u s e d  t o  p l a s t e r s t o ne 
w a l l s .  P r o b l ems s u c h  a s  b u l g i n g  a s s o c i a t e d w i t h  s t o ne w a l l s  t e nd 
t o  l e ad t o  t he de t a chmen t o f  the d a g a  p l a s t e r . The d a g a  w a l l s  
wh i c h do n o t  i n c o r po r a t e  t i mbe r  i n  t he i r  ma t r i x  a r e  mos t s e r i o u s l y  
a f f e c t e d  b y  t he c l ima t e  ( S ee F i g . 5 ) .  Expe r imen t s  w i t h  w a l l s  o f  
d i f f e r e n t  c ompo s i t i on have shown t h a t  r a i n f a l l e r o d e s  t he t op 
s u r f a c e  a r e a  t h e r e b y  f o rm i ng g u l l i e s  on t he w a l l .  wh i ch i n  t ur n  
l e ads t o  t h e  c r e a t i on o f  ver t i c a l  channe l s .  Th i s  d e c r e a s e s  the 
t e n s i l e and c ompr e s s i ve s t r eng t h  of  t he w a l l .  The we t t i n g  and 
drying due to  s e a s o n a l  d i f f e r e n c e s  exa c e r b a t e s  t he s i t u a t i on .  

M i n e r a l s  g r ey d a g a  s amp l e s  r e d / b r own d a g a  s amp l e s  

quar t z  5 1 .  3 4 0 . 0  
ka o l i n 4 1 . 2 1 1 . 2 
m i c a  0 . 8  3 0 . 0  
f e l s p a r  4 . 3  3 . 5  
i r o n / p o t a s s i um o x i d e s  2 . 8  2 . 5  
Phy s i c a l  p r op e r t i e s  of a l l  s amp l e s  
mean dens i t y 1 . 8 g /m l . mean p o r o s i t y 
S i z e  r a n g e  o f  p o r e s -m i c r o n s  5 0 0  Appr ox . 

5 0 0  1 0 6  
1 0 6  

*pH Appr ox . 6 . 6 and s o l ub l e  . 2 3 % 
s a l t s  

Tab l e  I I .  Appr ox . m I ne r a l o g I c a l / phys I c a l  p r o p e r t I e s  o f  d a g a  
s amp l e s  f r om t he G r e a t Z i mb abwe r u i n s  [ 5 ] . 

3 3 % 
4 0 % 
1 1 % 
4 9 % 
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Current Field Research 

1he d a g a  f l o o r  expe r i men t s  were de s i gned t o  exp l o r e  d i f f e ren t 
p a r ame t e r s  s i n c e  t he i r  de t e r i o r a t i on pa t t e rns a r e  d i f f e r e n t f r om 
t h o s e  n o t i c ed on t h e  w a l l s .  D i f f e r e n t  f l o o r  f o unda t i on s  w i t h  
vary i n g  d a g a  c ompo s i t i on s  w e r e  ana l ys e d  i n  o r d e r  t o  i nv e s t i g a t e  
t he g e n e s i s  o f  t he r andom c r a c ks n o t i c ed o n  p r e h i s t o r i c  s t r uc t ur e s  
( T ab l e  I I I ) .  C u r r e n t d a t a  shows t h a t f l o o r s  on r o c k f o unda t i on s  

man i f e s t  c r a cks wh i ch t end t o  a l i g n w i t h  t he l ay o u t o f  the s t on e s . 
When s ub j e c t ed t o  n a t u r a l  e l emen t s  t h e s e  c r a cks w i den r ap i d l y .  
Founda t i on s  w i t h  s andy s o i l s  t end t o  p e r f o rm be t t er t han mos t and 
exh i b i t  f ewer c r a c k s . '  A p o s s i b l e  exp l an a t i on f o r  the o c c u r r e n c e  
o f  r andom c r a c ks c o u l d  be t he c o l l ap s e  i mp a c t o f  t h e  super s t ru c 
t u r e o n  t o  t he f l o o r , b u t  t,h i s  hy po t h e s i s  needs m o r e  exp l o r a t i on 

Foundat ion Cracks M3an M3an Ave Floor Comnent 
M3an/m Width/rrm Depth/rrm Movemen t /rrm 

Clay 25  2 3 -5 mul t iple cracks 
sand 11 3 3 -3 few deep cracks 
ash 15 1 - -6 microcracks 

edges eroding 
stones 22 4 5 0 wide cracks 

edges eroding 
Table I I I . Behaviour of reddish sandy c l ayey daga wi th dif ferent 

founda t i ons . 

On exc ava t e d d a g a  s t r uc t ur e s  i t  has been shown t ha t  t he 
deve l opme n t  o f  m i c r o c r a c k s  and f l ak i n g  t akes p l a c e  w i t h i n  t he 
f i r s t  t e n  h o u r s  o f  expo s u r e  t o  d i r e c t s u n l i g h t . I t  s e ems t h a t  

I 

i t  i s  n o t  t he t empe r a t u re wh i ch a f f e c t s  t he d a g a  s u r f a c e  b u t  
r a t he r  t he r a t e  o f  d r y i ng . A t t emp t s  t o  r e po l i sh w i t h  c ow dung 
have me t w i t h  p a r t i a l  s u c c e s s . I f  app l i e d r e g u l a r l y ,  i t  c r e a t e s  
a memb rane wh i ch i n  t u rn p r o t e c t s  t he d a g a  s u r f a c e  f r om d i r e c t  
sun l i gh t  and s ome b i o l o g i c a l  a t t a c k . The po l i sh g i ve s  a n  au 
then t i c  and aes t he t i c a l l y  a c c e p t a b l e  appe a r an c e . Howeve r , i f  t he 
c ow dung i s  n o t  app l i e d  p r o pe r l y ,  i t  c a n  e n c o u r a g e  t e rm i t e  
a t t a c k . 

CONCLU S I ON 

The a i m  o f  t he p r e s e n t  i nv e s t i g a t i on o f  d a g a  s t r u c t u r e s  i s  t o  
d o c umen t t he f a i l u re m e c h a n i sms and pa t t e r n s  o f  a s s o c i a t e d 
de t e r i o r a t i o n . The pr imary a s s ump t i on i s  t h a t i n  o r d e r  t o  f i nd 
a s o l u t i on wh i c h c a n  r e t a r d  t he de t e r i o r a t i on ,  we mus t unde r s t and 
t he g e n es i s  o f  t he p r o b l em .  S i n c e  we a r e  de a l i ng w i t h  t he end 
p r o d u c t  o f  a p r o t r a c t e d and c omp l ex p r o c e s s , a s t udy o f  t h e  
symp t oms o f  t he p r o b l em m a y  he l p  t o  i den t i f y t he c a u s e s  o f  d i s 
t r es s . De t e r i o r a t i o n may man i f e s t  i t s e l f  i n  par t i c u l a r f o rms 
and p a t t e rns . I t  i s  r e a l i s ed t h a t t he p r o b l ems are no t mon o 
c a u s a l  b u t , b y  t ry i n g  t o  i s o l a t e  t he var i o us f a c t o r s  wh i c h 
c on t r i bu t e  t o  t he d e c ay o f  d a g a  rema i n s , we c a n  b e g i n  t o  have 
an i n s i gh t  i n t o  p o s s i b l e  reme d i e s . 

F i g .  2 :  P r e h i s t o r i c  
s t r u c t u r e - i n t e r i o r  
d e c a y . 



5 .  Ana l y s e s  unde r t aken by 
Dowe r - Da t e ch L t d  . •  u s i n g 
X - r ay f l oure s c en c e  and 
X - r a y  d i f f  rac t i o n  t e c hniques. 

Adobe 90 

F i g . 3 :  P r eh i s t o r i c  s t ruc t u re - ex t e r i o r d e c a y . N o t e  f l ak i n g  
t owards b a s e  o f  wa l l  

F i g . 4 :  

F i g .  5 : 

Hou s e  f l o o r  w i t h  f e a t u r e s - a mon t h  a f t e r  
excava t i o n .  N o t e  random c r a c k i n g  and we a t he r i n g . 

Exp e r i men t a l  w a l l - a f t e r a y e a r  o f  expO S u r e 
t o  e l emen t s o f  n a t u r e . 



ABSTRACT 

Adobe brick t e s t  wa l l s  were con
s truc ted in 1 98 5  near the h i s t or ic 
adobe ruins o f  Fort Selden in 
southern New Mexico to assess  the 
per formance of  var ious preserva
t ion me thods that could be used 
to  protect the wa l l s  of  the h i s 
tor ic fort . The me thods inc lude : 
( I ) .  use of chemical sprays and 
amended mud plas ters t o  retard 
eros ional rates of  the ver t ic a l  
wa l l  surfaces ; ( 2 ) . implementat ion 
of  assorted t reatment s  to the 
bases of  wa l l s  to de t e rmine the 
rate in wh ich the cap i l l ary r i s e  
o f  mo i s ture c a n  be a f fec t e d ;  ( 3 ) . 
and t e s t ing d i f fe rent types of  
wa l l  caps  t o  de termine their e f
fec t iveness in prot ect ing the tops  
o f  wa l l s . 

A ft e r  f ive years of exposure , many 
of the t e s t s  imp lemented PFov ided 
valuab le re sul t s .  Regu lar mon i
tor ing of  this project  w i l l  con
t inue unt i l  1 99 5 , at wh ich t ime a 
comprehens ive report on the t e s t  
wal l  exper iment wi l l  be comp i led . 

Key Words 

TEST WALLS , AMENDMENTS ,  WALL CAPS , 
FOUNDATIONS , SPRAYS , EARTHEN 
ARCHITECTURE 

Fig . Te s t  wa l l s , look ing wes t ,  
southwe s t . The h i s � or ic ruins and 
the v i s i t or center are in the 
background . 

Fig . 2 Test  wa l ls , l ooking eas t . 
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AN EVALUATION OF THE NEW MEXICO STATE MONUMENTS ADOBE TEST WALLS AT FORT SELDEN 

Michae l Rome ro Tay l or 
Nat ional Park Service 
P . O .  Box 7 2 8  
Santa Fe , N .  Mex . 8 7 504 
USA 

INTRODUCTION 

In 1 98 5 , a series  of adobe br ick t e s t  wa l l s  were cons tructed 200 me ters east  
of  the h i s t or ic adobe ru ins of  Fort  Se lden S tate Monument in southern New 
Mexico ( figs . I & 2 ) . These t e s t  wa l l s  were bui l t  to as s e s s  var ious preserva
t ion me thods that could be used to prot ect  the h i s t or ic adobe wal l s  at the 
Fort . A sec ondary purpose was to provide in forma t i on to the pub l ic on how to  
bet ter prese rve h i s t or ic wal l s  made o f  earth . Three general research para
me t e r s  were inve s t igat ed : ( I ) the viab i l ity  of us ing chemic a l ly amended mud 
p l a s t e r  mixes and chemic al sprays to protect  vert ical  sur face s  o f  earthern 
wa l l s , ( 2 )  ins t a l l a t ion of  var ious sys tems at the bases of  wa l l s  to  mon i t o� 
cap i l l ary r i s e  of mo is ture , and ( 3 )  the use of various capping technique s  t o  
prot ect  the tops of  wa l l s .  

The h i s t or ic ruins o f  Fort Se lden have been exposed t o  the e lements with
out roof protect ion s ince 1 89 1 .  When the mi l i tary post was acquired by the 
State  of  New Mex ico in 1 9 7 2 ,  it  was deve l oped for disp lay and int e rpre tat ion 
to  the pub l ic . At that t ime a dec i s ion was made to leave the wa l l s  es sent i a l ly 
as they ex is ted without any rec ons truct ion or erec t ion of she l ters . The s i t e  
managers e l e c t e d  to  ma intain the h i s t or ic wa l l s  through a proc e s s  o f  regular 
ma int enance of  patch ing and recapping us ing mud . ( For a de scr ipt ion of the 
stab i l izat ion me thods used on the fort and for more in forma t i on regard ing i t s  
h i s tory , refer to  t h e  paper b y  Thomas Cape r t on i n  th i s  pub l ic a t i on ) . Cyc l ic a l  
ma int enance us ing unamended ( that is , without chemicals  o r  s t ab i l i zer s )  mat e
rials is an admirab l e  approach and is the preferred preserva t i on me thodology 
for h i s t or ic ruins . Th is approach t o  wa l l  preservat ion would have worked at 
the s i te  if s u f fic ient s t a f f  were ava i lable to  s tay apac e with the ma intenanc e 
program . Howeve r ,  over the l a s t  ten years the cyc l ic a l  ma int enance program 
c learly could not keep up with the preservat ion needs , as s ign i f icant loss  of 
wa l l  fab r ic was tak ing place . Th i s  mot ivated the t e s t  wa l l  pro j e c t  in order 
that opt ions other than frequent ma intenanc e might be found . 

TEST WALL DESIGN 

The Museum of New Mexico State  Monuments init iated the research e f fort with a 
l i te rature search aimed at learning wh ich me thods had al ready been tes ted and 
repor t ed . Consultat ion was then conduc ted with pers onne l from the preservat ion 
and adobe cons truct ion profess ions throughout the southwe s t e rn part of  the 
Un i t ed Stat e s . Some of  the techniques that had prov ided pos i t ive resu l t s  in 
other t e s t ing reg imes were incorporated into th i s  t e s t  wal l  pro j e c t  [ I ] .  A few 
t echniques that had fa i led in pas t preserva t i on at temp t s  were impl emented in 
order to demon s t rate the de l e t e r i ous e f fec t s  of such treatment s .  S ince funds 
were l imited , on ly a frac t ion of the innumerab l e  me thods and chemicals  ava i l 
able to  t e s t  were impl emented i n  this  exper iment . 

Detai led de s c r ipt ions of the t e s t  wa l l  p l ot that are not conta ined in th i s  
paper can be found i n  prev ious repor t s  [ 2 ,  3 ] .  Arch i t e c t ural spec i ficat ions 
and drawings were produced by P . G .  McHenry , AlA [ 4 J .  The adobe br icks and the 
soil  used for the mor t ar and plaster in the cons truc t ion of  the test  wal l s  were 
a l l  from the same sourc e .  The s o i l  part i c l e  s ize of  the adobe bricks is 63% 
sand , 1 9% s i l t , 1 8 %  c lay ( nonexpandab l e ) . The mor t ar used in the laying o f  the 
br ick and for the plaster was tempered with washed sand to  make a workab le mix . 
What fo l lows is a brie f de script ion of the New Mex ico State  Monuments adobe 
t e s t  wa l l  de s ign . 

Amended Pane l s  

Unamended mud plaster  i s  the mos t  compat ible render ing mate r i a l  for earthen 
wa l l s .  The on ly prob l em with th is type of  wa l l  protect ion i s  that , if l e � t  
unsh e l tered , it  requ ires frequent ma intenanc e .  Me thods t o  ret ard the eros ional 
rate of  p l a s t ers have been tested  and imp lemented for thousands of  years . 
Preservat ion i s t s  today many t ime s face a short age of funds and t ime to maint a in 
a struc t ure proper ly us ing unamended mor t ar . For th i s  reason they cont inue 
to seek a suitab l e  amended rende r ing for earthen wal l s  wh ich retards the cyc l i
c a l  ma intenance without compromis ing the wa l l  by the e f fec t s  of coat ings that 
are too rigid , impermeab l e , or visua l ly ob trus ive . 

Another ongoing endeavor has been the search for a compat ible preservat ion 
mat e r ial that can be sprayed or brushed ont o  an earthen wa l l  without the use of 
a p l a s t e r  coat ing . 

In an a t t empt to ident i fy certain nat ura l ly occurr ing amendments and manu-
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F i g . 3 Amended wa l l ,  south fac e , 
looking we s t /nor thwe s t . Pane l 
with s t raw is on the r i gh t . 

F i g . 4 Examp le o f  t e s t  wa l l  c on
s t ruc ted with c oncrete wainsc ot  
ins t a l led a l ong the base . 

Fig . 5 Wa l l  cap exper iment , 
look ing nor thwe s t . 
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fac tured chemi c a l s  that could be c ompa t ib l e  with h is t oric earthen wa l l s , the 
fo l l owing research des ign was implemented . 

Two wa l l s  were cons truc ted of adobe brick and mor t a r . Each wal l  is 1 9 . 8  
me ters long ( 6 5  fee e }  , 1 . 52  me ters h igh ( 5  fee e }  , and 24 . 4  c m  wide ( 1 0 inche s ) . 
One wa l l  was set  on a north/ south ax i s  and the other on an east /we s t  axi s . Each 
wa l l  face is d ivided into thir teen pane l s , 1. 5 2  me ters ( 5  feet wide). There are 
twelve amended pane l s  on each wa l l  face with one pan e l  of  unamended mud wh ich 
serves as a control ( f ig . 3 ) . The four wa l l  face s  are the same . The amendments 
are app l ied to  both s ides of  the wal l ,  oppos i t e  each other , inc l ud ing the wa l l  
top . Each amendmen t  and c ontrol  pan e l  has a north , south , east , and we s t  expo
sure . Thus the e f fe c t  of  c l imatological  c ond i t ions , inc lud ing s t orm pat t e rns 
and solar orient at ion , can be assessed for each pane l .  

The treatments used inc lude amended mud mixes app l ied as p l a s t ers  and 
sprays and rol l -ons , wh ich were app l ied d i rec t ly to the wa l l  sur fac e . 

The amended mud plaster  was app l ied in three coats  to a total  thickne s s  of  
2 . 54 cm ( one inch ) .  Each o f  the amended pane l s  was d ivided in hal f on  a ver t i
cal  ax i s . One h a l f of the panel was treated with a 5 percent solut ion and the 
other with a 10 percent solut ion of  the chemic a l  amendment s . The d i f ferent so
lut ions of  the same amendment wi l l  be used to  de t e rmine the min ima l amount need
ed to  be cost e f fe c t ive when used for retard ing the eros ional  rates of  plaster . 
Re fe r to Tab l e  I for a desc r i p t i on of each amendment , i t s  h i s t ory of use , and 
i t s  present per formance in t h i s  projec t . 

L ike the amended mud p l a s t e r  pane l s , the pane ls  used for the spray and 
rol l -on expe r imen t s  were d ivided in hal f on a ver t ic a l  axi s . One h a l f  o f  each 
pane l was p l a s t ered with three coats  of  unamended mud and the other h a l f  was 
l e f t  unp l a s t ered . These pane l s  are be ing used to a s s e s s  the e f fec t iveness of  
spray and rol l-on app l icat ions on  mud p l a s tered and unp l a s t ered earthen ruins , 
such as the ones  at the adjacent fort . Chemical  amendments were e i ther rol led 
or sprayed on both halves o f  the pan e l  at equa l s t rength . Refer t o  Tab l e  I I  for 
a de s c r ipt ion of each amendment , i t s  h i s t ory of us e ,  and i t s  per formance to date 
in this proj e c t . 

Wa l l  Base Expe r imen t s  

Var i ous me thods have been used throughout h i s t ory t o  retard t h e  c a p i l lary r i s e  
o f  moi s t ure i n t o  earthen wa l l s . Some have proven bene f i c i a l  and some de t r imen
t a l  to the preserva t i on of wa l l  bases . 

Twe lve wa l l s , each with a d i f ferent type base , were c on s t ructed as part o f  
t h i s  project  to  assess  the e f fec t s  o f  capi l lary r i se ( fig . 4 ) . Each wa l l  i s  
1 . 52  me t e r s  h igh ( 5 feet ) ,  and 2 5 . 4  c m  wide ( 1 0 inches ) .  The various types of  

wa l l  treatmen t s  were selected  upon the  bas is of  modern and h i s toric  prac t i c e s . 
Some of the techniques used are known to be de t r imen t a l  to the prese rvat ion of  
earthen wa l l s  but were used  in t h i s  exper iment t o  show graph ic a l ly through t ime 
their e f fe c t s  on the wa l l  base s . Re fer to Tab l e  I I I  for a descript ion of each 
wa l l  base des ign . 

Each wa l l  contains e igh t e l e c t r i c a l  re s i s t ance sensors , wh ich provide data 
on relat ive mo i s t ure contents within the wa l l .  The readings are taken with a 
resis t ance me t e r  ( So i l te s t  Mois t ure Temperature Meter ( R ) , mod e l  - 300B ) . 

Wa l l  Cap Desc r ipt ions 

In many par t s  of  the wor ld , a wide variety of  ways have been used to  pro t e c t  the 
tops of exposed earthen wa l l s  [ 5 ] . Many of  the me thods used are ones  that pro
t e c t  yard or corral wa l l s  that were never bu i l t  to be c overed by a roof over
hang . Other me thods have been deve l oped to  pro t e c t  the tops of archae o l og i c a l  
ruin wal l s  bu i l t  of  earth . Some have been suc c e s s ful and some have not . One o f  
the goa l s  of  t h i s  t e s t  wa l l  proj e c t  i s  to  a s s e s s  t h e  per formance of  var i ous 
techniques used to cap wa l l s . 

Four d i f ferent wa l l  caps , each 1 . 5 2  me ters long ( 5  fee t ) ,  were app l ied  to  
an  unamended adobe wa l l  6 .  I �e ters long ( 20 feet ) ,  ( fig . 5 ) . The  types o f  cap
ping ma t e r i a l s  used are c ommonly found in New Mexic o .  The four wa l l  caps are : 
( I )  A c ourse o f  adobe bricks stabi l i zed with asph a l t  emu l s ion placed on top o f  
and flush with the wa l l ,  ( 2 )  a course of  adobe bricks s t ab i l ized with asph a l t  
emu l s ion p l aced o n  top o f  and perpend icular to  t h e  wa l l  fac e , thus creat ing a 
5 .  I ern ove rhang on each s ide o f  the wa l l  s l op ing t o  the north , ( 3 )  a rounded 
cement cap trowe led  on to the top of  the wal l ,  and ( 4 )  three c ourses of  fired 
brick app l ied  to  the top of  the wa l l  to  form a dent iculated cap . 

MONITORING PROGRAM 

A c omprehens ive phot ograph ic mon i t or ing program is be ing c onduc ted for each t e s t  
wa l l  pane l . Black and wh i t e  phot ograph s and c o l or s l ides  have been t aken from 
e s t ab l ished datum points every two mon ths s ince t e s t ing began in 1 98 5 . 

Re lat ive mo i s t ure readings from the wa l l  base exper iment were t aken a fter 
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Tabl e  1 
Amended Mud-Plaster Mixes 

6_!:!!!I!I!:l!t (!!!IItIIItIH �[ftl!lu !.!I!:I 
El R'1j 5up«"1or 200 mtthlJl mtth.tol"lJl�t.l_ RhopJ.x /1C-76 and RhopJ.x E-330, 
(t-ic,a T1IJ Rhop J.x l"IJ1.at. ruin �t 4795 solids � lmost 1dtntic� 1 to El RtIJ Supwior 
E-330 with � in w�t ... 200, �n t...n us..:! �t CMco 
dDbbHng �t c-"on, Azt.o, and .... upblc1 
�dddtd) Natlon.ll MonumftIts to .. opoint 

muonn.I w�11s for up to 1 5 1j'¥s 
SoU S.al Cono_ IattX -'I Ho ba Iano..:t with us..:! .,.,.",.,....o;alllJ for soU surf�. 
tr�t. ecpolllm.rs pnp� ... d in waslon control, 1t Md lIMn us..:! u 

tmUlslon form; oonsists of � soil sbbilizt .. in Mobt bricks, 
4095 pcll,l.tho)(IJ1.at.d mortr, and ropolnting of muOlll"lJ 
• tMno 1 and 3.595 siHoatts; w�11s �t PtoOS N�tlon�l Monumtnt in 
it ts 4695 solids In w�tt .. tilt l'nO's 

Danw.1ct-C hi9h pcll,lmt .. ... sin tmUl- us..:! cornrntrcu. � .. a bondincJ 
sion �t 5195 so lids in �.nt fo .. concnt.; us.d bIJ N�tton� 1 
wat ... Pwk Strvict in �t.. p ... s.,.,,�tlon 

but us. hu ctutd <kM to its 
... 1.ativ. 1rnptrmt�bi1lty 

�lt Emulsion pttro J.um-bu..:! produot sine. th • •  rll,l 1940's � populr 
�nt for st�biliz.d brick in 
construction; �lso us.d som.w�t in 
th. southWtSt as a mud-p1.astw 

�t �lthouc}h Its ... l�t1v. 
imptrm.ab11ftlJ ov ... un�m.nd..:t 
mud-brick w�11s inhibits .npor�tlon 

Ag�v. juIo. .xt .. act.d f .. om bolJ.d has b •• n us..:! by $Omt d.strl 
agav. It.VtS, tilt pulp is cultur.s .. an adobt p1.astw 
pound.d and tilt .xtr act amtndmtnt 
st.�.d for 2-3 w.tlcs 

Str.w 4 I -lb. coff .. cans of us..:! unlnrsa11ll as a mud-plast ... 
str .... cut into 2-inch �t; promot ... s olaim �t it 
Itngths w .... mix.d with 1 acts as a bind.r to r..:luct cr aeking 
wh .. 1barrow of mud on wan surfac.s, critics claim t�t 

it .ncour�., molstur. penttration 
and is a food source for instob 
... hich thtn ent.r wan 

Table 2 
Amended Spray and Rol l -On Appl ications 

A.end!!leDt (o!!!l!esi!ilm P..-evioui Uses 

Ten Cendltie!l 
lIttJ. woslon, with th. 595 
solutions showing sli9htllj 
mon th� 1 095 solutions; 
s1i9htllj d,kM" � un-
.ntndtd p1.ast ... 

rncxt.r.t . ... osion, with 595 
solutions showing sl1ghtllj 
mort ... osion than 1 095 
solutions; sllghtllj drkw 
th� unOlMndtd plut ... 

littlt woslon, with 595 
soluttons showing slightlc,i 
mort than 1 095 so1utions; 
tilt 1 095 solution is slightly 
d¥kw than unamtnd..:! 
plutw; tht 595 solution 
shows no color ehang. 

littl. to mod .... t . ... osion, 
with simi1r .. at. for 5 and 
1 095 solutions; much 
d�rkt .. than unamtnd..:! 
p1.astw 

mod ... at. to s.rlous '''0-
sion; no eo 10 .. diff .... nc. 
from unam.nd.d p last.r 

mod.r at. to s trlous 
�osion; t.rmn.s �v. 
cr.at.d "tunn.ls" through 
tilt mud pl.st.r on th. 
north fact acc.l ... ating lts 
It"osion 

T eg Condi!ion 

Acry 1 60 bast coat and Aeryl 60 : acrylic pollJm.rs Acry 1 60 had performed w.ll th. Acry 1 60 !Sup.r 
Super Quick ... l finish and modifier., dtsign.d a. an in 3 y ... r. of Ust at Sent's Ouicks.a 1 combin .. -
coat, used in this sequ.nce �ditive to Portland cement Old Fort tion has 'xperienced 
b .. causf' of manufaotureor 's to improvf' .adhe-sion .and mod.,. at . ..  rosion; 
recommendation (roll-on mecMnical proper lies color can bt malchtd 
application) Super Quickseal ;  cemenl- bIJ manufacturer 

bast coaling , a commercial 
finish coat for masonry and 
concr.te 

K & E P.n.tr ating and Inorganic mineral salts at at Sent's Old Fort modf'r ate to serious 
Hardening Mintr a 1 S .. a l .. r 3095 solids in wat.r experienced liH1. erosion H"05ion; no co lor 

afler 3 II tars .xposure change from unamend-
ed plaster 

Linse.d oil 1 part linseed oil : 5 paris used somewhat in adobe- moderate to serious 

min.,. a 1 spirits p1.ast.,. prfos.rv.1Ition and in .,.0$100; d.ark.nltd 
mud-floor consolidation ; the wall surfac. 
used at Sent's Old Fod in a 
1 :2 solution and showed 
v.ry little erosion 

Silicot. modified silicone resin spray not known if it has been mod.r at. to serious 
al 9.995 solids in xylene used in adobe preservation .ros;on; no co lor 

ch .. ng. from 
unamended p lasler 

S ... l-Kr.t. a commercially manufactured not known if il has be.n moderate to serious 

acrylic for wal.rproofing used as a spray on adobe or .rosl0n; no co lor 

stucco , masonry , clltm.nt and mud plast.r change from 

mud brick unam.ndil!'d plast.,. 

Thorocoal a ready-mixed non-cementi- mud-brick preservalion moder ale erosion 
(ro 11-on application) tious 1 00% acry lic-textured USfoS not known but manu- .1though most is looatod 

coating for protecting and facturer claims that its where settlement 
decorating ' variety of thickness .nows cracks .nd cr.1cks havi' occurrtd; 

exterior and interior surfaces pores 10 bt water resistant color can be matched by 
.iIInd to ri'l.ase moistur. m�uf .ilctur.,. 



Adobe 90 

1. 

2. 

3. 

4. 

5. 

b. 

7. 

8. 

9. 

10. 

1 1 .  

12. 

Table 3 

Types of Wal l  Hases 

Standard concrete fooodation with stem waD, and a cement stucco over waU surface 

Rock foundation with mud mortar and e"POsed adobe waB srlace 

Base course (a varied grade of rock and sod used for highway ooderlayment) fooodation with 
e"tlosed adobe waU surface 

Unamended adobe foundation with �ed adobe wal surface 

Uname nded adobe foundation surrounded with sib-surface polyethylene sheeting sloping 
away from the wall to provide a drainage gradient; the wal has an e"POsed adobe surface 

Uname nded adobe fooodation surrounded with a sib-surface layer of mud amended with Union 
Carbide R-274 (a silicon base water repeDent) sloping away from the waU to provide a drainage 
gradient; the waU has an e"POsed adobe surface 

Unamended adobe foundation with perforated plastic pfles set on each side of it in gravel 
which drain Into a rode flied �; the waU has an e "JlOSed adobe waB surface 

Unamended adobe foundation with cement stucco over the waD surface 

Unstabitized adobe foundation with a poured and formed concrete wainscot, e"tlosed adobe 
wan surface 

Rock foundation with mud mortar and a pDlred and formed concrete wainscot, and �osed 
adobe waU surface 

Uname nded adobe foundation with uname nded mud plaster on the waM surface 

Unamended adobe foundation coated with parge plaster and asphalt vapor barrier, e"tlosed 
adobe wall surface 

# 

1. 2. 3. 4. 5. 6. 7. 8. 9. 1 0. 1 1 . 12. 13. 

Table 4 
Emsion Ratings - Amended Panel Test Wal ls 

After 4 years and 4 months exposure: 

Very l ittle erosion = 
little erosion = 
AAoderate erosion = 

5 4 3 
Serious erosion = 2 
Very serious erosion= 1 

Wal l  D irection 
Treatment N S E W 

Control Panel 2 2.5 2.5 1 
E I  Rey Superior 200 4 4 4 4 
Daraweld - C 3.5 4.5 4 3.5 
Asphalt emulsion 4 3.5 4 3.5 
Super QUlckseal1  Aeryl 60 3 3.5 3 3 
K & E AAlneral Sealer 2 2.5 3 1 .5 
linseed 01 1 2 2.5 2.5 2.5 

lhorocoat 3.5 4 2 3 
Agave juice extract 2.5 2.5 2.5 5 
Soi I Seal Concentrate 3 3.5 3.5 2.5 
S i l ieote 3.5 2.5 2 2.5 
Seal-Krete 2.5 2.5 3 1 
AAud wi straw 3 3 2.5 1 
Severity of exposure direction 38.5 41 \38.5 34 
Averages 3 3.2 3 2.7 

Avg. 

2 4 3.9 3.7 3.1 2 .2 2.4 3. 1 3 .1 3 .1 2.6 2.2 2.3 



Very l it t l e eros ion . 

L i t t l e  e ros ion . 

Moderate eros ion . 

Ser ious eros ion . 

Very ser ious eros ion . 

F i g . 6 Examples  of Eros ion rates . 
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every me asurab l e  prec ipitat ion for the first  two years o f  the projec t . 

Mun se l l  S o i l  Color analys i s  of amended wa l l s  is c onduc t e d  on an annua l 
bas i s . 

Eros ional pro f i les  of the chemi c a l l y  amended pane l s  w i l l  be recorded in 
1 9 95 . During wa l l  c onst ruc t ion in 1 9 8 5 , sma l l  aluminum pins were inserted per
pend icular to and flush with the panel surfac e s . The pin ends serve as re fer
ence points for the recordat ion of  eros ional pro f i l e s . 

Temperature and prec ipitat ion records have been ma intained to provide the 
environment a l  in format i on nec e s s ary to eva luate the per formance of  the t e s t  
wa l l  exper imen t s . 

OBSERVATIONS 

It should be s t res sed that the resu l t s  of t h i s  exper iment to date are spec i f i c  
t o  the par t ic u l ar cond it ions of  the s i te . The se inc lude so i l  part ic l e  s i ze and 
mineralogical c ontent of  the s o i l  used in the manu fac ture of  the adobes and mor
tar , app l icat ion techn ique , and c l imat ic c ond it ions that existed when the treat
ments  were app l ied  and that have exi s t ed s inc e . What is repor ted to have favor
ab le or nonfavorab l e  resu l t s  in this  t e s t  wa l l  exper iment may provide d i f ferent 
results  under other c ond i t ions . Recommendat i ons , however ,  c an be made for fur
ther test ing based on the pos it ive resul ts  reported in this  paper . The test  
wa l l s  have prov ided intere s t ing resul t s  s ince they were con s t ruc ted five years 
ago .  Re fer to Tab l e  IV for each pane l ' s  c ondit ion and to ( F ig .  6) for exampl e s  
of  eros ional rat es . 

Ra infa l l  at the s i te has been above normal s inc e 1 9 85 , averag ing approxi
mat e ly 30 cm ( 1 2 inch e s )  of rain per year . The greatest  amount of  prec ipitat ion 
occurred in August 1 988 when 1 3  cm ( 5 . 2  inches ) of  rain fe l l ,  5 . 1 cm of wh ich 
fe l l  with in two hours . There have been some fa i r ly s ign i f icant accumulat ions of  
snow on the  wa l l s . One  s t orm depos ited . 6 1  me ters (2  feet ) of  snow . The  subse
quent free ze/th aw ac t ion from th i s  moi s t ure c on t r ibuted gre a t ly to the de terior
at ion of  the wal l s . St orm patt erns seem to be predominately from the we s t , 
southwe s t , and northwe s t . 

Amended Pane l s  

The we st  fac e s  of  the amended pane l s  are genera l ly eroding fas ter than the 
other faces  ( f ig . 7 ) . The south fac es  of the pane l s  are genera l l y  eroding 
s l igh t ly less than the nor th and the east fac e s  ( f ig . 3 ) . Th is can be att r ibut
ed t o  the prevalent s t orm patt erns wh ich exi s t  at the s i te . In add i t ion ,  the 
north faced wa l l  pane l s  exh ib i t  more de ter iorat ion at the i r  bases than the other 
three exposure s ,  due mos t  l ike ly to the lack of sun wh ich s l ows the me l t ing o f  
accumulated snow and the evaporat ion of  ac cumulated  rain . During per iods of  
free ze/th aw , this  type of  l inger ing mo i s t ure wi l l  cause ac ce lerated fai lure of  
the  wa l l  and p l a s t e r  fab r i c . 

The amended wa l l  t ops have gene ra l ly c racked and begun to f a i l  at var ious 
rates , much more so than the treated vert i c a l  face s .  Th is pattern is expected 
to some extent because o f  the exposure of  the hor i zont a l  wal l  top to fa l l ing 
rains and ac cumu l a t ing snows . 

The 5 percent solut ions of amended mixes have genera l ly eroded s l igh t ly 
more than the 1 0  percent solut ions , with the except ion of the agave juice  and 
asph a l t  panels  wh ich seem to be f a i l ing at approximately the s ame rate . 

Of the amended p l a s t e r  mixes t e s ted , E l  Rey Supe r ior 200 ( Rhoplex E-330 ) 
and Darawe l d-C h ave proven so far to be the most  favorable in provid ing a ren
dered protec t ion . It should be pointed out that in many c ircumstanc e s , espe
c ia l ly when dea l ing with an archaeological  s it e , plaster ing an earthen wa l l  to 
provide a s ac r i f i c i a l  c oat ing may not be ae s the t i c a l ly pleas ing and wi l l  obscure 
c e r t a in a t t r ibutes of  a wa l l  such as the earthen brick c ours ing or p i s e  leve l s . 
In cases  such as these , other preserva t i on methods may be deemed more appropr i
ate , such as capping the wal l s  us ing s u f f ic ient dr ip edges or c ons t ruc t ion of  
she l ters . 

It is rec ommended that fur ther t e s t s  be c onduc ted us ing Rhoplex E-3 30· and 
Darawe l d-C as amended mixes for plaster . Rhop l ex E-330 should be used instead 
o f  Rey Superior 200 because the straigh t Rhop l ex w i l l  not darken the mortar as 
does the E l  Rey Superior 200 , wh ich has been amended by the manu fac turer with a 
de-bubbl ing agent . The 1 0  percent solut ions ( I  part amendment to 5 par t s  water 
r a t i o )  are providing suffic ient protec t i on to the unamended wa l l  for the first  
five years of  exposure . I t  is e s t imated that  a wa l l  plast ered with  these  per
c entages of  amendment would have to be replasfered every ten years . Caut ion 
should be taken in us ing the se  types of  amendments  on h i s toric resources without 
fur ther test ing , however .  

I t  is a l s o  rec ommended to test  many more o f  natural occurr ing amendment s 
that were eva luated on ly b r i e f ly in this proj ec t .  I f  proven e f fec t ive , and in 
many parts o f  the wor l d  they have , natur a l ly occurring amendments are most often 



F i g .  7 Amended wa l l  we s t  fac e . 
Control  panel is on the r i gh t . 

F i g . 8 Deta i l  o f  the eros iona l 
patt ern on the Super Quickseal 
pane l . 

F i g .  9 Thorocoat pane l . Note 
cracks and d e t e r iorat ing c oa t ing . 

eas i ly ob t a inab l e  and much less  cost ly . The agave j uice extract  should be re
searched more as to  how long the juice i s  l e f t  to  s t eep , wha t  the idea l  concen
trat ions wou ld  be , e t c . Amendments  such as prickly pear cac tus j u ic e , l ime 
sprays , and charcoa l should be inve s t igated further [ 6 ] . 

Both the s t raw-amended pane l s  and the control pane l s  are erod ing fas ter 
than the amended mix pane ls . The pane ls  amended with s t raw have eroded s l igh t ly 
l e s s  than the control  pane ls . The eros ional pat t e rns for the se  pane ls  are even 
throughout the ver t ic a l  face without deve l op ing large voids or c racks , wh ich are 
evident on mos t  of  the amended spray and mix pane l s . Th is even , sheet-type o f  
eros ion is visual ly much more p l eas ing than t h e  amended pane l s . 

The sprayed and rol led-on app l icat ions are genera l l y  erod ing more than the 
amended mud mix app l icat ions . In fac t , mos t  of the sprayed pan e l s  have eroded 
fas t e r  and created more damage t o  the adobe substrate  than the c ontrol  pane l . 
The eros ional pat t erns of the sprays can be charac t e r ized by large gouged areas 
that have deve l oped in the ver t ic a l  face where runoff  mo i s t ure is d irected into 
weaker areas . The wat er-based sprays have penetrated on ly about 1 mi l l ime t e r . 
None of the spray app l icat ions have per formed we l l .  

The Super Quickseal  rol l-on exh ib i t s  c ons iderab le checkered c rack ing ( see 
fig . 8 ) . Thorocoat has begun to  c rack , a l l owing mo i s t ure to  enter ( f ig . 9 ) . 

I t  is not recommended t o  exper iment with or use any of the se  sprays on 
earthen ruins . However ,  there do ex i s t  s o lvent-based , monomer and l ow polymer 
type sprays that have proven e f fec t ive in pre serving earthen arch itec t ure . For 
more in forma t i on on these type of sprays , re fer to the art i c l e  by Agnew et al . ,  
in t h i s  pub l icat ion . 

Wa l l  Base Expe rimen t s  

The twe lve wa l l s  t h a t  were bu i l t  w i t h  various types of wa l l  b a s e  t reatmen t s  are 
prov id ing l e s s  in forma t i on than hoped . The readings from the sensors were t aken 
for a per iod of two years , then s t opped because the data ob t a ined was minima l . 
Howeve r ,  the data did ind icate that the two wa l l s  with c oncrete wa insc ots  and 
the two wa l l s  with the cement s t ucco render ings are retain ing more mo is t ure 
above grade than the other wa l l-base  treatment s .  

The failure of  the mois ture sensors t o  provide more data may be a t t r ibuted 
to  ( I ) lack of  suffic ient leve l s  of  mois ture to  be mon i tored , and /or ( 2 )  improp
er instrumen t a t ion used to ob t a in the re l a t ive mo i s t ure read ings . The inst ru
mentat ion used for this  expe riment does not provide quan t i t a t ive data on per
cent age mo is ture c ontent . Other nond e s t ruc t ive means to obt a in me as urab le 
mo i s t ure readings should be inve s t igat ed . 

The wa l l -base exper iment i s , however ,  beg inn ing t o  exh ib i t  d i f fe rent ial  
rates  o f  eros ion a t  the bases o f  the wa l l s . Even though these eros ional  rates  
are pre sently very subt l e ,  it  is ant ic ipated that  within a few years de finite  
corre lat ions can be made be tween basal eros ion and the  various techn iques used 
at the bases of  the wa l l s .  

Wa l l  Caps 

The four d i f fe rent types of  caps ins t a l led on the 6 . 1 me ter-long t e s t  wa l l  are 
prov id ing some interest ing re sul t s .  All four wa l l  caps , inc lud ing the one with 
an overhang , are exper ienc ing ac ce lerated eros ional pat t e rns at the interface 
be tween the cap and the top of  the unamended wa l l .  Th is is ant ic ipated t o  some 
extent s ince rain quickly runs o f f  the fa i r ly impe rvi ous c aps and is d irec ted  
into  the  top of  the  unamended wa l l  where the mo i s t ure can pene t rate . 

The cap with the overhang is fa i l ing in part because the south overhang ing 
port ion wh ich s l opes to  the north has no drip edge , caus ing wa t e r  to  run back 
under the overhang and pene trate the unamended wa l l  top . On the nor th s ide o f  
t h i s  same cap , mo i s t ure is eroding the unamended wa l l  t op , probab ly because the 
overhang does not ext end out s u f f ic ient ly away from the wa l l .  The impor tant 
que s t ion here is how much do- impervious c aps , s imi lar to  the one s  used here , 
protect the wa l l  tops , as compared to leav ing the wa l l  t ops  exposed with no pro
tec t i on .  When c ompar ing the loss of the top of the wa l l s  be tween t h i s  wa l l  cap 
expe r iment and the top of the uncapped wal l s  in the wa l l  base exper iment ,  some 
use ful conc lus ions can be drawn . F i rs t , the caps have indeed prot e c t e d  the tops 
of  the wa l ls . Approximately  3 cm of  wa l l  top has been lost from the unc apped 
wal l s , whereas no loss in he ight of  the wa l l  has occurred on the c apped wa l l s .  
What i s  intere s t ing , however , i s  that the wa l l  that has been capped has l o s t  
c ons iderably more ve rt i c a l  wal l  sur face o n  t h e  uppe r por t i on o f  t h e  wa l l ,  j us t  
below t h e  inter face be tween t h e  c a p  and t h e  unamended wa l l ,  than t h e  unc apped 
wa l l s .  Comparisons in upper wa l l  th ickne s s  be tween uncapped wa l l s  and t h i s  
capped wa l l  ind icate t h a t  as much as 3 c m  of  ver t ic a l  wa l l  fabric  has been los t . 

Thus it seems that the ins t a l lat ion of fa irly imperme ab le caps wi thout 
proper drip edges on unrendered wa l l s  may not be s u f f ic ient ly bene f ic i a l . In 
t h i s  exper iment , the caps have protected the t ops of  the wa l l  but have ac ce ler
ated ve r t i c a l  wa l l  deter iorat ion . Uncapped wa l l s  have lost  ma t e r i a l  from the 



Current Field Research 

top but seem to exh i b i t  l e s s  fabr ic loss  on the upper vert ical  sur fac e s . Long
term mon i tor ing of  this wa l l  cap exper iment needs to be conduc ted in order to 
det ermine how much , if any , the wa l l  caps w i l l  prot ect  the wa l l s  as c ompared to 
those that do not have caps . 

I t  is rec ommended that more experimentat ion be done ut i l i z ing c aps  that 
have suffic ient overhangs extending out away from the wa l l . These ove rhangs 
shou ld  provide drip edges that w i l l  proh ib i t  mo i s t ure from f l owing back into 
the s t ructure . Mon i t or ing the sp l ash e f fe c t s  at the base o f  such treated wa l l s  
shou ld  a l s o  b e  c onduc ted . 

CONCLUS IONS 

To dat e , the test  wa l l  exper iment has y i e l ded results  that c an j us t i fy fur ther 
test ing of  some of  the techn iques used in th is program . The pro j e c t  has a l s o  
graph i c a l ly shown wh ich techn ique shoul d  n o t  be con s i de red to be u s e d  o n  h i s t or
ic earthen wa l l s . 

S ince the c ons truct ion of these wal l s  in 1 9 8 5 , the Ge t t y  Conservat ion 
Ins t i tute has ente red into a ma j or test ing program with new wa l l s  bu i l t  ad j acent 
t o  Fort Se lden State Monument test p l ot . The Ge t t y ' s  program inc ludes t e s t ing 
chemical  cons o l idat ion of wa l l s , she l t er des igns , dra inage techn ique s , and 
s t ruc tural rein forcement de s igns . The res earch of these two ins t i tut ions i s  
expec ted to y i e l d  important ins ight i n t o  how t o  better  preserve h i s t or i c  earthen 
arch itec ture . 
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ABSTRACT 

Predicting the durability 
of structures made of 
rammed earth is  still a 
difficult matter . We 
have studied ways of 
increasing its l i fe span 
by combining sound 
building methods with the 
use of impregnation 
material s  to protect the 
exposed surfaces . 

The research results 
relate static l oad of 
compaction and water 
content to mechanical 
properties and resistance 
to a water drop test . 

KEYWORDS 

Rammed earth , static 
compaction , aging , 
durab i l ity . 
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METHODOLOGIE D '  E·TUDE AU LABORATOIRE DE LA TENUE A L '  EAU DU 
MATERIAU TERRE 

Gerard Didier et Fouad Ghomari 
I . N . S . A .  Departement Genie Civil - Laboratoire Geotechnique -
Batiment 304 - 20 avenue Albert Einstein - 69621 Vil l eurbanne 
CEDEX - FRANCE . 

I - INTRODUCTION 

Les constructions en terre crue sont suj ettes a l ' erosion 
10rsqu ' e1 1es sont soumises a des conditions climatiques 
severes .  

L ' importance de ces agents meteorologiques varie largement 
avec Ie type de climat , la localisation geographique , 
l ' exposition et l ' architecture de la construction . Le materiau 
terre est essentiellement sensible a l ' insolation , au vent , 
aux preCipitations , a l ' humidite et a 1a temperature . 

Ces divers facteurs responsables de la degradation des 
constructions en terre , sont difficiles a quantifier et a 
reproduire . I I  faut considerer ceux d ' entre eux qui sont a 
l ' origine de la destruction, afin de mettre au point des 
methodes de mesure caracterisant la durabilite du systeme . 

Dans cet articl e ,  la battance est notre modele,  celui-ci 
traduit l ' erosion de la terre sous l ' action de chocs repetes 
de gouttes de pluie dites " battantes " .  La goutte d ' eau 
arrivant sur la masse de terre exposee ec1ate en proj etant en 
son point d ' impact des gouttelettes chargees de particules 
arrachees . Ce phenomene sera simule au laboratoire a l ' aide 
d ' un essai de vieillissement accelere permettant d ' apprecier 
globalement la durabilite du materiau terre face a l ' action 
destructrice de la  battance . 

II - ESSAIS DE SIMULATION AU LABORATOIRE 

C ' est a l ' aide d ' essais de vieil lissement que l ' on tente 
dans Ie domaine de la protection de selectionner les produits 
conduisant a la duree de vie souhaitee des ouvrages . 

L ' approche donnee par 1a norme ASTM E 632-78 ( 1 9 8 2 ) montre 
Ie besoin d ' adopter une philosophie d ' ensemble , tant a l ' egard 
de la conduite des essais que de leur interpretation ( voir 
Fig . 1 ) .  

En l ' absence de normes internationales sur Ie materiau 
terre,  les methodes experimentales uti1isees sont derivees de 
techniques d ' essais employees pour d ' autres materiaux ( Ie 
beton,  la pierre , etc . . •  ) .  Les essais de vieillissement qui 
ont ete proposes decrivent essentie11ement deux aspects de 
1 ' erosion . Le premier reproduit l ' effet de l ' eau , l iquide sur 
les supports et Ie second , est la combinaison de plusieurs 
facteurs importants ( eau , temperature , insolation, vent ) .  

Plusieurs essais de simulation de l ' erosion ont ete 
proposes : 

- Tadanier ( 19 8 5 ) fait un trou au centre d ' un echanti llon 
compacte et I e  remplit d ' eau pour ensuite determiner son temps 
de del itage . 

- Azzouz ( 1 983 ) suit la degradation d ' un echantillon soumis a 
une lame d ' eau verticale continue jusqu ' a  sa totale 
degradation . 

- Leroux ( 1 978 ) ,  Mariotti ( 19 83 ) ,  proposent de soumettre 
l ' echanti ll on a l ' action-cyclique de sechage-mouillage
rayonnement . 

- Auger ( 1 987 ) simule la degradation d ' un echantillon sous 
l ' action d ' une ambiance marine . 

Toutes les techniques qui viennent d ' etre citees ne peuvent 
qu ' imparfaitement simuler les phenomenes nature l s ,  mais on 
peut touj ours dire que meme une simulation artificielle 
imparfaite ( nombre restreint de facteurs ) peut nous renseigner 
sur la  maniere dont les facteurs interagissent . 

393 



394 Adobe 90 

1. Definition du problema 

r Identifier les caraClerisliques al proprietes J criliques qui servent d'indicateurs de 
degradation. 

II. Tests preliminaires 

Definir las criteres at las besoins 

j 
Caractariser Ie materiau 

Identifier 
les !aeteurs srasi's 

Expliquer de quelle maniars sonl prises en 
comple, les caracterisliques de degradation 

dans Ie lest de vieillissemenl aceelers 

Definir les crileres du lest de prediction de la 
durea de vie 

Concavoir at realiser le(s) lests preliminaires de 
vieillissement aceelers, mettanl en evidence les 
mecanismes de deterioration rapide engendree 

par les 'aetours de degradation exlr�mes 
appliques. 

I 
l 

Identifier les mecanismes de degradation I possibles 

I 

Elaborer des lests utilisanl les lacleu(s de 
vieillissement accelere importanls pour 

determiner I'inlluence des conditions I Candulro des tests A long terma sous les 
conditions de service l 

d'exposilion sur Ie taux de degradation. 

I 

IV. Interpretation 

Comparer les types de degradalion oblenus 
par tes deux tests de vieillissement artificiel et 

naturel 

j 
Q : Les degradations sont elles comparables 

Olll 

Developper des modeles mathemaliques 
evaluanl l'erosion et comparer les taux de 

degradation des deux tests de vieillissemenl 

I 

non 

Figure 1 - Methodologie d ' etude du vieillissement des 
materiaux 

III - TEST DE LA GOUTTE D ' EAU 

L ' essai choisi consiste a soumettre un echanti llon de 
terre compactee a l ' impact repete de gouttes d ' eau et a 
mesurer Ie temps de sa totale degradation . 

Le banc d ' essai congu et realise dans notre laboratoire , 
est un bati dote d ' un plateau mobile et de 5 vannes regl ables 
en hauteur . Ces vannes sont alimentees en continu a l ' aide 
d ' un reservoir a niveau d ' eau constant , la charge etant egale 
a 2 , 5 m. Cinq echantillons peuvent etre ainsi testes en 
parallele . La me sure du temps de delitage ( Td )  est rendue 
automatique grace a des cellules photoresistances , sensibles a 
la lumiere . Ces dernieres sont placees dans des supports et 
reliees a un chronometre . Avant Ie debut du test , les 
echantil lons sont places sur les supports contenant les 
cellules . Le chronometre est enclenche au moment ou les 
echantillons , places chacun sous une vanne , regoivent la 
premiere goutte d ' eau . Lorsque l ' echantillon est erode sur sa 
hauteur , celui -ci se rompt et laisse passer la  lumiere qui est 
alors captee par la  cel lul e .  Cette derniere reagit 
instantanement en arretant Ie compteur ou Ie temps reste 
affiche ( voir Fig . 2 ) . 
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...... ,n--- (j) 

<D. " 

LEGENDE : 

1- RESERVOIR A NIVEAU CONSTANT 
2- ARRIVEE D'EAU AU RESERVOIR 
3- SORTIE DE L'EAU 
4- SUPPORT DU DISPOSITIF 
5- Pl/\ TEAU MOBILE 
6- PISSETTES EN VERRE 
7- ECHANTILLONS EN TERRE COMPACTES 

NOTE : (') PARTIES MOBILES 

LEGENDE : 

1- LA GOUTTE D'EAU 
2- L'ECHANTILLON EN TERRE ENTlER 
3- L'ECHANTILLON EN TERRE DELITE 
4- CELLULE PHOTO RESISTANCE 
5- SUPPORT DE LA CELLULE OPAQUE 
6- HORLOGE 
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7-ALIMENTATION EN COURANT D E  LA CELLULE 
8- REl/\IS PERMETTANT L'ARRET DE L'HORLOGE 

1- DEBUT DU TEST 2- FIN DU TEST 

DETAIL DE DISPOSITION DE LA CELLULE 

Figure 2 - Test de la goutte d ' eau 
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Figure 3 - Temps de delitage en fonction de la hauteur de 
chute de la goutte 
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Le banc d ' essai permet de faire varier les parametres 
suivants 

* hauteur de chute de l a  goutte ( j usqu ' a  1 , 5  m ) ,  
* frequence d ' impact ( fonction de l a  charge hydraul ique et 

de l ' ouverture de l a  vanne ) ,  
* angle d ' inclinaison de l ' echanti l lon a tester ( 0  a 4 5 ° ) .  

Afin d ' evaluer l ' influence de ces trois parametres , des 
tests prel iminaires ont ete effectues sur une serie 
d ' eprouvettes de terre compactee ( Voir Fig . 3 ) .  

L ' energie mecanique de la goutte d ' eau au droit de l a  
section d ' impact est fonction de la hauteur d e  chute d e  l a  
goutte . Une energie d ' impact plus grande favorisera une 
erosion plus importante donc un moindre temps de del itage . 

cone truire 1 8  
courbe proctor 

tl ta t lque 

r�huDlldl l ler  

RC � 

tracer 1a courbe 
Td , t (lO 

Td � 

trac,", r 13 c"urbl! 
R. ' f ( W) 

Figure 4 - Protocole de fabrication et d ' essais des 
eprouvettes au laboratoire 
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Cette energie est plus importante pour un angle d ' inclinaison 
nul . 

L ' erosion de l ' echanti l lon est Ie resultat du cumul des 
energies mecaniques correspondant au nombre de gouttes 
tombees . S i  l a  frequence augmente ,  l ' erosion augmente 
necessairement , par consequent , Ie temps de delitage sera plus 
faible . 

La confrontation des resultats de vieil l i ssement naturel 
'et accelere semble montrer qu ' une demi - heure d ' exposition au 
test de la goutte d ' eau equivaut a 18 moi s  d ' exposition 
naturelle ( F . GHOMARI 1 9 8 9 ) .  

IV - METHODOLOGIE D ' ETUDE 

Afin d ' apprecier les qualites du materiau terre destine a 
la construction en fonction des conditions de mise en oeuvre, 
une methodologie d ' etude au laboratoire est necessaire . 

Les caracteristiques des eprouvettes compactees 
statiquement au laboratoire dependent etroitement de deux 
facteurs preponderants : la teneur en eau et la pression de 
compactage . 

Nous presentons figure 4 Ie protocole de fabrication et 
d ' essais des eprouvettes au laboratoire pour une pression de 
compactage fixee . Le schema est identique si pour une teneur 
en eau fixee on desire faire varier la pression de compactage . 

Ce protocole permet de caracteriser Ie materiau sur l a  
base d e  criteres mecaniques e t  de tenue a l ' eau . 

Nous presentons dans ce qui suit les resultats obtenus 
pour un sol en provenance de Limonest ( 10 km au nord de Lyon ) .  
Cette argile peu plastique ( Ap )  contient 9 7 %  d ' elements 
inferieurs a 80 �m et 1 1 %  d ' elements inferieurs a 2 �m . Sa 
surface specifique totale est de 106 m2 / g .  
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Figure 5 - Variation de la densite seche en fonction de l a  
teneur e n  eau ( p  = 9MPa ) 
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Figure 6 - E f fet de la pression de compact age sur l a  densite 
seche ( teneur en eau 1 2 , 5% )  
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Les resul tats de l ' etude realisee sur ce materiau sont 
representes fig . 5 - 6 - 7 - 8 .  L ' e f fet de la teneur en eau sur la 
densite seche , la resi stance , la tenue a l ' eau et I e  retrait 
volumique a ete determine pour une pression de compact age de 
9MPa . Lorsque nous avons etudie l ' e f fet de la pression de 
compactage , la teneur en eau etait alors de 1 2 , 5% ( teneur en 
eau optimale pour 9 MPa ) .  

I I  res sort de cette etude que 

- les courbes de variation de la densite seche , de l a  
resistance a l a  compression, e t  d u  temps d e  del i t age e n  
fonction d e  l a  teneur e n  eau presentent des optimums . 
L ' optimum de resistance est obtenu pour la teneur en eau 
conferant au materiau la densite seche maximale . La meil leure 
tenue a l ' eau est atteinte pour une teneur en eau de 2% 
superieure a la teneur en eau optimale , Ie retrait volumique 
est alors de 3% . 
- Comme Ie montre la figure 8 la densification des sols 
s ' avere un moyen e f ficace pour augmenter les caracteristiques 
precitees . II apparait neanmoins qu ' au-dela d ' une pression de 
compact age de 9 a 10 MPa les gains de resistance et de tenue a 
l ' eau ne sont pas notables . 
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Figure 7 - E f fet de la teneur en eau sur la resistance , I e  
temps d e  deli tage et Ie retrait volumique ( p= 9MPa ) 
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Figure 8 - E ffet de la pression de compact age , sur Ie temps de 
delitage et Ie retrait volumique ( w  = 12 , 5% ) 

v - CONCLUSION 

L ' erosion des materiaux en terre crue soumis a l ' action de 
la pluie est simulee au laboratoire a l ' aide du test de l a  
goutte d ' eau . Nous pouvons ainsi accelerer Ie viei l l i ssement 
sans s ' eloigner des conditions ree11es et reproduire les 
phenomenes de degradation naturelle . 

Ce test a caractere qualitati f  est un outil simple 
permettant de selectionner les sols et de. definir les 
caracteristiques optimales permettant d ' obtenir une structure 
durable . Ce test nous a par ai1 1eurs permis de montrer 
l ' ef ficacite de la protection du materiau terre par un 
traitement de surface par divers produits d ' impregnation . 
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AB STRACT 

Humidity is a major cause of 
alteration for earthen 
architecture . We have envisaged 
to control the humidity by an 
electro-osmotic draining. The use 
of a carbon fibre electrode would 
bring down the intervention 
price : we checked the efficiency 
of the process and tested such 
an electrode , but the 
experimental conditions are far 
from reality . We hope to define 
the limits of the process by an 
application on the ( archeological) 
site . 

KEYWORDS 

Archaeology , 
architecture , drying , 
el ectro-osmos is , earth . 
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fig 1 
Fig 1 :  Ie potentiel electrocinetique 
Zeta:  p .  particule electronegative , 
e .  potentiel electrique entourant 1a 
particule , h .  potentiel de Nernst , 
s .  couche de Stern . 
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LE POINT SUR LE S POS S I B ILITES DE L'ELEC TRO-OSMOSE POUR LA 
CONSERVATION DE L'ARCHITE C T U RE DE TERRE . 

Michel Dubus 
Musee national de Ceramique 
1 Place de la Manufacture 
92310  Sevres 
France 
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En 1985 une convention de recherche a ete etablie entre Ie Musee National de 
Ceramique et la Division des Etudes et Recherches d'Electricite de France pour 
l'application de procedes electrolytiques au derouillage d' agrafes sur des 
oeuvres en ceramique , materiau non conducteur de l'electricite . C 'est en 1987 
que l'idee d'une utilisation de l'electricite pour l'assechement des biltiments en 
terre a ete lancee dans Ie cadre de cette meme collaboration ;  l'idee n'etait pas 
neuve , on Ie verra plus loin , mais la facette "mecenat" developpee par EDF 
rejoignait un aspect beaucoup plus important de ses preoccupations ,  il. savoir 
des recherches sur l'assechement "en grand" des boues industrielles ,  sur la 
consolidation des sols meubles par injection de silicates et sur Ie tassement 
accelere de materiaux argileux dans les travaux publics . A la suite de contacts 
pris avec Ie Conseil International des Monuments et Sites ,  des representants 
d'EDF et du Musee de Sevres ont ete invites au 5eme colloque sur 
l'architecture de terre tenu a Rome en octobre 1987 . Lors du stage effectue 
en decembre 1987 on a voulu tester l'efficacite d'une electrode en fibre de 
carbone : cette experience de laboratoire , placee dans un contexte de recherche 
intensive , a beneficie des connaissances deja accumulees sur Ie sujet tout en 
ouvrant des horizons sur Ie comportement du materiau a conserver et sur les 
parametres mis en jeu . 

Dans Ie monde , 30% des habitations sont en terre ; meme pour un biltiment 
en bon etat un entretien de la toiture et des ecoulements d'eau est necessaire , 
Ie moindre defaut de protection entrainant une degradation rapide des murs 
souvent difficile a reparer . En France , on trouve la brique crue employee a 
l'interieur des maisons du Beauvaisis pour les cloisons , a l'exterieur pour les 
parements . En effet , c'est un materiau beaucoup moins couteux que la brique 
cuite (on rencontre de tous temps les problemes d'energie ) .  Dans Ie Puy de 
Dome nous avons remarque des maisons de quatre etages construites de la 
meme maniere ainsi que l'utilisation de terre compactee dans des coffrae;es .  

L e  revetement du mur doit etre surveille e t  doH s' accorder avec Ie support . 11 
n'est pan question de reparer les degats avec n'importe quel enduit . La nurfac.e 
du revetement d'origine apparait comme etant tres resistante a la pluie et au 
vent ; c'est sans doute pour cette raison que l'on reenduit regulierement les 
murs ; mais les peintures modernes s'ecaillent et ne jouent pas leur role 
protecteur . Com me un objet archeologique ,  une architecture de terre excavee 
changeant brutalement de milieu n'est plus en equilibre avec son environnement ; 
c'est alors que commence Ie processus de degradation , aggrave par l 'absence 
des protections originales (les structures archeologiques se resument dans bien 
des cas a des constructions privees de leurs protections - toit , enduit de 
revetement - mais l'absence de maintenance est compensee par la protection 
qu'offre l'enfouissement ) .  Les buts poursuivis ici sont Ie ralentissement de la 
degradation par un drainage des surfaces et subsurface du sol , la duree de 
vie des moyens mis en oeuvre devant etre au moins egale a cinq ans . 

Le Materiau 

1 .  La terre : Lors de la 5eme reunion internationale d'experts sur la 
conservation de l'architecture de terre a Rome les 22 et 23 octobre 1987 , Ie 
comite a redefini Ie terme de terre comme etant generique et contenant les 
notions de brique crue , d' adobe , etc . La matiere premiere peut etre melangee 
avec ce qu'un ceramiste appellerait des "degraissants" organiques ou non avant 
d'etre compactee et mise en oeuvre . Quoi qu'il en soit c'est la densite du 
materiau qui determine sa resistance a la compression (a sec ) et sa 
permeabilite .  Le terme de "terre" pouvant impliciter la presence d'argiles , on 
va rappeller quelques particularites . 

2 .  Argiles 

2 . 1 .  Generalites : Le classement d' Atterberg nous presente les particules 
d' argile comme etant les plus petites (inferieures a 2 Ilm ) apres les limons 
( de 20 a 2 Ilm ) , les sables rrrossiers et fins de 2mm a 0 ,  2mr.l , les graviers ( de 
2 mm il. 2 cm) . Si on divisait les mineraux en treize groupes sur une echelle 
d' alterabilite , les illites se situeraient au niveau 7 ( ce sont les argiles 
classiques pour briques , tuiles et poterie) , alors que les argiles gonflantes 
de type montmorillonites seraient au niveau 9 et les kaolinites , plus resistantes , 
au niveau 1 0 .  Le potentiel electrocinetique ou potentiel zeta ( Voir Fiff 1 )  qui 
depend de la concentration en ions et du pH de la solution explique 
l'attraction des molecules d'argile entre elles ou de leur repulsion ; c'est la 
notion de floculation . Une argile en suspension serait caracterisee d'apres J .  
Briant ( 1 )  par sa capacite d'echanges d'ions ( la montmorillonite qui possede 
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Fig 2 :  la couche de HelmoItz . 
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Fig 3 :  schema theorique d'une 
particule de kaolinite entouree de 
son atmosphere ionique : deux 
feuillets d'argile forment une 
membrane dissymetrique qui permet 
1'osmose ou separation par une 
membrane semi-permeable : a .  eau 
liee , b .  ions positifs , c .  eau liee 
par epitaxie , e .  ions OH , h .  OH 
de l'hydrargilite , f .  eau liee . 

d 
e---ti-

a v 

rig 4 
Fig 4 :  Systeme de puits traite en 
cathode (pompe aspirante ) :  d .  
de charge , e .  entree de la pression , 
b .  bec , a .  aspiration , v .  valve , 
f. fiItre , (d'  apres Perry ) .  
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de fortes capacites d'echanges sera plus stable que la kaolinite par exemple ) , 
par la nature de ces ions ( les argiles calciques gonflent moins et s'hydratent 
mieux que les argiles sodiques mais floculent plus facilement ) ,  par la 
concentration en sels de l'eau (les limons transportes par les fleuves se 
deposent a l'embouchure ) ;  la stabilite d'une suspension d'argile est tres 
sensible au pH ; elle floculera entre pH 2 , 4  et 4 ,  c'est a dire quand il n'y 
aura plus de doubles couches electriques.  

Apres sa mise en oeuvre , l '  argile retrouve sa resistance mecanique initiale : 
c'est la notion de thixotropie . Comme chacun sait , 1'argile est plastique ; cette 
plasticite depend de la dimension des particules et de leur nature , de leur 
forme , et de 1'eau . Enfin la cohesion est expliquee par les forces electriques 
mises en jeu d'une particule a 1'autre , par la forme de ces particules ,  par 
la teneur en eau de l' argile et par la nature de cette eau . 

La theorie de HelmoItz nous montrait 1'image simplifiee de deux particules 
d' argile formant condensateur ( Voir Fig 2 ) .  Aujourd'hui l' origine de la charge 
electrique des particules d' argile est expliquee par plusieurs theories : 
- la theorie electrochimique qui admet que les molecules d' argiles sont ioriisees 
par 1'eau se trouvant entre les feuillets ,  
- les theories basees sur l' absorption des OH- e n  des points strategiques du 
cristal , ( Voir Fig 3) , 
- les theories supposant des liaisons de valence non saturees provenant de 
la repartition irreguliere des ions des constituants de l' argile , 
- par la presence d' aluminium libre qui se comporterait comme un accepteur 
d'electrons sur certaines faces des cristaux d' argile . 

3 .  Le role destructeur de 1'eau : l'eau s'infiltre , ruisselle , stagne ; son action 
est dissolvante , hydratante , hydrolysante , mecanique ; associee au gel 1'eau 
joue un role mecanique dramatique (pour memoire , 1cm 3 d'eau donne 1 , 09cm 3 

de glace 1. Le ramollissement et Ie gonflement de la terre diminuent sa 
resistance mecanique et peuvent s' accompagner de microfissures .  Si l'eau 
transporte des sels en solution , on verra ceux-ci se cristalliser a la surface 
d'evaporation . Les micro-organismes et les vegetaux pionniers se developpent 
des qu'il y a presence d'eau ( 2 ) . 

Electro-Osmose 

1 .  Definition : Casagrande ( 3 )  nous definit l'electro-osmose pour les sols 
formes de particules inferieures a 2 iJm et jusqu'a 4 iJm comme etant un 
mouvement force de 1'eau d'une electrode a l'autre ; il fait circuler un courant 
electrique entre deux electrodes , 1'une placee dans Ie mur et l'autre a 1'ecart 
de celui-ci de sorte que 1'eau se deplace de la premiere vers la deuxieme . 
D'apres Y .  Atlan et colI . ( 4 )  la conductivite d'un milieu aqueux est augmentee 
des qu'il y a presence d'argile , trois parametres intervenant : la capacite 
d'echange de l'argile que nous avons deja vue plus haut , la structure du 
materiau en fonction de la nature de l'argile , la porosite du materiau , enfin 
la nature ionique de 1'eau circulante . 

2 .  Parametres :  Le debit electro-osmotique est proportionnel a : 
- la densite de courant , 

la section des capillaires , 
la resistivite electro-osmotique du milieu , 
au potentiel electrocinetique , 
a la constante dielectrique du milieu . 

3 .  Antecedents :  Le procede a ete tres utilise pour l' amelioration de la 
stabilite de sols argileux : sur 7 resultats collectes sur 4 sites moyens , les 
sites ayant obtenu des valeurs extremes etant ecartes pour ne pas fausser 
1'analyse , on trouve un pourcentage moyen de 7 , 4% d'eau e;ctraite ; les . , echantillons les plus representatifs sont Ayton en Ecosse ou furent trmtes 
des materiaux argileux contenant des sables , des graviers et des . blocs ; les 
anodes y etaient constituees de palplanches et les cathodes de pomtes 
filtrantes en bronze ( Voir Fig 4 ) ;  Ie traitement a dure 6 mois . A Halle , en 
Allemagne , on a traite un melange de loess tendre et de graviers , les . electrodes etant constituees de tuyaux a gaz . Dans les deux cas Ie potenhel 
etait de 1 1 0  Volt s ,  1' amperage n'etant pas mentionne . La societe Elkinet ( R )  
( anode , St . Peter-Strasse 25 , P O  Box 296 , A 4 0 2 0  Lin z )  commercialise 
aujourd'hui un brevet d' assechement pour les batiments qui utilise une 
electrode de polyester conducteur dont Ie coilt d'installation est d'environ 
1500 F / m  TTC pour une consommati�n inferieure a 10 mW en 1 9�8 : D

,
. M?raru 

( 5 )  conclut que Ie probleme de la mIse en oeuvre d'un tel procede d asseche
ment semble resolu en pratique par la limitation de 1'intensite de courant 
( limitation de la corrosion des electrodes et du coilt ) et par Ie choix 
d'electrodes plates non metalliques resistantes aux ions S04 L ,  Cl - , NOL ; 
il va meme jusqu'a preconiser une ventilation des electrodes en conseillant une 
densite de courant dirigee a la surface du sol de 1'ordre de 1 - 3 AI cm2 . 

Experience 

1 .  Choix du materiau : Au cours du stage effectue une manipulation a ete 
mise en route sur un echantillon de kaolinite a 2 I 3 et de sable a 1 I 3 en masse 
pour tester la resistance d'une electrode en fibre de carbone dont l'utilisation 
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Fig 5 :  exemples de mise en oeuvre : 
a .  electrodes installees a 
l'exterieur du bAtiment , permettant 
ainsi d'eviter des travaux 
interieurs , b .  version pour une 
maconnerie exceptionnellement 
epaisse , c .  cave voisinant un sol 
pave , d .  l'electrode negative est 
placee en sous-sol , ( d'apres 
Elkinet ( R » . 
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diminuerait Ie prix de revient d'une intervention . Le PH de l'echantillon au 
depart = 5 .  Le choix des electrodes a ete fait en fonction des produits 
disponibles sur Ie marche par rapport a l'electrode "Lida" du brevet Elkinet ( R )  
(Voir Fig 5 ) ,  ou l'on constate que si o n  exclut les electrodes metalliques comme 
Ie conseille D .  Moraru ( 6 ) , il ne nous restait que Ie graphite.  Dans sa demande 
de brevet J .  Lebeda ( 7 )  revendiquait lui aussi l'idee d'un materiau conducteur 
non metallique . 

Les resultats sont montres dans les Fig 8 et 9 ,  ou : 
- PTH = Poids Total Humide , en grammes , 

PTS = Poids total a sec apres etuvage a 100° C ,  
- W% = Pourcentage d'eau contenue dans les prelevements .  

Conclusion 

Une manipulation en vraie grandeur et dans des conditions reelles de 
conservation est a envisager . Theoriquement Ie principe ne peut fonctionner 
qu'en presence d'electrolyte , c'est-a-dire qu'il necessite de l'eau ; l' avantage de 
ce systeme auto regule c'est qu'il ne demande pas de maintenance particuliere 
une fois Ie " seuil de declenchement" etabli . 

On projette de tester sur un echantillon en vraie grandeur tous ces parametres 
afin de pouvoir proposer une association du procede avec d'autres types de 
protection pour resoudre les problemes de stagnation d'eau a la base des 
structures de terre excavees ayant pour origine les remontees capillaires ou Ie 
ruissellement . Le procede necessitant une mise en oeuvre soignee , notamment 
au niveau des connexions qui ne doivent pas s'oxyder , sa mise en oeuvre doit 
etre effectuee par des specialistes .  La maintenance devrait etre reduite ;  la 
faible consommation en courant electrique autoriserait l'utilisation de capteurs 
solaires dans certains cas . Une telle application permettrait peut-etre de 
reevaluer les resultats obtenus par Ie passe , de poser les limites du procede 
et de definir sa place effective dans la panoplie du conservateur-restaurateur . 
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ABSTRACT 

Every i ntervent ion shou ld be 
p receded by a t h o ro u g h  
understanding of the symptoms of 
deteriorat ion by hum idity, the 
causes of this deterioration and 
their origin. Therefore one needs a 
systematic approach : methodo
logy of analysis and diagnosis. 
This methodology should allow for 
the deve lopment of i ntervention 
techn iques wit h i n  a g lobal  
approach of knowi ng how to 
design with the l imitations and 
potentials of the raw material 
instead of knowing how to armour 
by ignoring those l imitations and 
potentials. 
The methodology is also based on 
the hypothesis of maintenance 
and repair planning being part of 
the intervention as well as follow
up of the intervention technique. 

A co m p re h e n s ive g ri d  fo r 
pathology survey is developed : 

- characteristics of the bui lding 
material i nvo lved i n  t h e  
pathology, 

- symptoms of humidity pathology, 
- causes of pathology, 
- possible origins of pathology. 

Following methodological aspects 
of diagnosis have to be dealed 
with : 

- measurement of the symptoms : 
actual condition and moni-
toring, 

- evaluation of measurements, 
- complementary measurements 

in case of doubts about the  
origins, 

- evaluation of the complementary 
measurements, 

- difficulties of interpretation, 
- interpretation of the symptoms. 

Major gaps for the achievement of 
a comprehensive methodology 
may constitute research priorities 
for the future : 
- interpretation of measurements, 
- evaluation of symptoms, 
- systematic follow-up of interven-

t ion techn iques and dissemi
nation of results allowing to verify 
the validity of the diagnosis. 

KEYWORDS 

Preservation , 
rehab i l itation , earthen 
architecture , wet 
pathology , measurements , 
analysis , diagnosi s .  
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PATHOLOGIE HUMIDE DE CONSTRUCTIONS EN TERRE 
M ETHODOLOGIE DE DIAGNOST IC 

PASCAL ODUL, Ing.-Architecte 
CRATerre / ECOLE D'ARCHITECTURE DE GRENOBLE 

1 0  GALERIE DES BALADINS, 381 00 GRENOBLE/FRANCE 

I. INTRODUCTION 

Chaque intervention sur Ie terrain doit etre precedee par une comprehension des 
phenomenes de degradation : symptomes, causes, o rigine des causes. Ceci 
necessite une approche methodologique systematique basee sur des hypotheses 
d' intervention clairement expl icitees des Ie depart et qui guideront Ie type 
d'intervention a envisager. C'est pourquoi nous proposons des g ri l les de reflexion 
qui se trouvent dans les tableaux de cette communication. 

A. RESUME DES PRINCIPALES CARACTERISTIQUES 

Par rapport a d'autres materiaux, la terre est extremement sensible aux actions de 
I'eau. 
Ainsi, cette caracteristique du materiau induit necessairement que les constructions 
en terre soient abritees des multiples actions nefastes de I'eau. Ceci ne veut pas 
pour autant sign if ier que les constructions en terre doivent etre totalement 
impermeabi l i sees,  mais convenablement p rotegees des possi bi l ites de 
degradation, dans I'emprise du batiment et a proximite. 
Quel les que soient les amel iorat ions apportees au materiau terre ,  ses 
caracteristiques mecaniques ne lui permettent pas de subi r de fortes sollicitations. 
De tels efforts appliques aux constructions en terre engagent des risques de 
fissurations et de pathologies de structure en general qui peuvent a leur tour 
engendrer des pathologies humides. 

B. HYPOTHESES D'INTERVENTION 

1 .  COMPRENDRE LES EFFETS ET CAUSES DE D ESORDRES 
L'etude des interventions de rehabilitation ou de restauration de batiments en terre 
fait souvent apparaitre ce que no us appellerons 'Teffet domino". Une reparation au 
niveau d'un symptome de pathologie au lieu de la cause va deplacer Ie probleme 
et creer une nouvelle pathologie. Ce n'est qu'en comprenant les effets et causes 
des desordres qu' i l  sera possible de remedier de fa�on i rreversib le aux 
phenomenes de degradation. La nature tras sensible du materiau terre demande 
cette comprehension, car une intervention fautive peut etre plus catastrophique que 
I'absence d'intervention. 

2. R EMEDIER AUX CAUSES DES DESORDRES 
La tendance actuelle fait davantage appel a I ' i ngenierie en vue d'accroitre la 
resistance et de preserver Ie "materiau terre" des agents de degradation, ignorant 
la demarche qui consiste a rendre Ie "batiment" resistant et apte a confronter les 
agents de degradation. 
La demarche de bl i ndage du materiau que decrit par exemple une 
impermeabi l isation totale de I'enveloppe batie tend Ie p lus souvent a sophistiquer 
la mise en oeuvre et a augmenter Ie risque de malfa�ons. Le bli ndage des 
constructions en terre est t res souvent un costume cache-misare .  En plus, 
I'experience a montre que Ie bli ndage peut etre contreproductif et engendrer des 
nouvelles pathologies parfois plus graves. 
La qualite d'une architecture de terre, sa duree tout autant que sa destruction 
rapide dependent pour I'essentiel de la qualite du "savoir concevoir" mais 
egalement du respect des regles essentielles de I'art de bati r en terre. Ces regles 
essentielles peuvent etre resumees par : 
- la connaissance du materiau , de ses caracteristiques et de ses proprietes 

fondamentales, 
- la connaissance des particularites de la technique de construction employee, 
- I'adoption de systemes constructifs simples et compatibles avec les performances 

du materiau, 
- une execution soignee des ouvrages. 

3. INSPECTION ET ENTRETIEN REGULIER 
I I  est necessaire de lancer des Ie depart des programmes d'entretien rigoureux qui 
tiennent compte des facteurs determinants pour Ie maintien des batiments. 
Ce planning tiendra compte des performances des materiaux utilises, de la facil ite 
d'acces au points de controle, du degre d'abandon du batiment et de la frequence 
des visiteurs. 
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II faut etablir une liste des endroits a verifier et la frequence des visites, etablir un 
listing de priorites pour les entretiens futurs, etablir un cahier des charges pour les 
reparations a faire, etabl ir un cahier des charges concernant les competences 
requises de la part du personnel d'entretien et de reparation ,  etabl ir un budget 
previsionnel des frais d'entretien et equipements necessaires, . . . . 
Cette campagne de maintenance doit etre accompagnee d'une campagne de 
sensibi l isation des utilisateurs comprenant des conseils d'utilisation ,  par exemple : 
conseils pour Ie chauffage, la ventilation, points nevralgiques a surveiller, . . . . 

4. SUIVI DE L'EFFICACITE DE L'INTERVENTION 
Beaucoup d'interventions se limitent a la simple execution des travaux et omeuent 
d'assurer un suivi pour controler I'efficacite de I'intervention et de verifier la validite 
du diagnostic. Ceci a pour consequence que certaines techniques subsistent 
encore a ce jour, malgre leur inefficacite ou leur contreproductivite. 
I I  est donc necessaire d'entamer des campagnes de follow-up suivies d'une phase 
de dissemination des resultats aupres des util isateurs potentiels. 

II. ANALYSE DE PATHOLOGIE  

A. METHODOLOGIE  DE DIAGNOSTIC 

Les differentes etapes de la methodologie de diagnostic se resument ainsi : 

CONSTAT ET MESURE DES SYMPTOMES DE PATHOLOGIE 
(CONDITION S U R V EY) 

I I .  SUIVI DE L'EVOLUTION DES SYMPTOM ES (MONITORING) 
I I I .  INTERPRETATION DES CONSTATS ET MESURES 
� R ECHERCHE DES CAUSES 
V. R ECHERCHE DE L'ORIGINE DES CAUSES 
VI. EVALUATION DES SYMPTOM ES 
A DESORDRES METIANT EN CAUSE LE MAINTIEN DU BATIMENT 
B DESORDRES SANS CONSEQUENCES POUR LE MAINTIEN DU 

BATIMENT 
C DESORDRES METIANT EN CAUSE LE MAINTIEN DES 

PARTICULARITES SPECIFIQUES POUR LA VALEUR HISTORIQUE OU 
CULTURELLE DE BATIMENT 

B. SYMPTOM ES 

I I  est necessaire de mentionner que nous parlons uniquement de constat des 
symptomes. II est clai r que des formes de pathologie humide peuvent etre la 
consequence d'une pathologie de structure ou vice-versa. Des pathologies de 
structure peuvent ainsi creer des fissures qui seront un lieu de predilection pour 
I'apparition de pathologies humides du style erosion et infiltration. 

Ci-joint nous proposons une gri l le de reflexion qui systematise et h ierarchise les 
differents symptomes : 
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I. EROSION 
A.  EROSION DE SURFACE 

1 .  UNIFORME 
2. DIFFERENTIELLE 

B. EROSION LOCALISEE 
1 .  EROSION DE LA BASE 
2. EROSION DU SOMMET 
3. EROSION PONCTUELLE 

II. DECOMPOSITION DU MATERIAU 
I I I .  F I SS U R ES 

A. MACRO 
B. MICRO 

IV. H U M I D I T E  
A. SURFACE 

1 .  PERMANENT 
2. TEMPORAIRE 
3. CYCLIQUE 

B. PROFONDEUR 
1 .  PERMANENT 
2. TEMPORAIRE 
3. CYCLIQUE 

V. TAC H E S  
A. RUISSELLEMENT 
B. S E LS 
C. BISTRE 

VI. PARASITES 
A. MOISISSURES 
B. CHAMPIGNONS 
C. MOUSSES 
D. INSECTES 

VII. DEFAILLANCE PROTECTION DE SURFACE EXTERIEURE 
A. UNIFORME 
B. LOCALISEE 

VIII. DEFAILLANCE DE FINITIONS ET PROTECTIONS 
DE SURFACE INTERIEURES 

A. UNIFORME 
B. LOCALISEE 

C. RECHERCHE DES CAUSES DE PATHOLOGIE 

Une grande partie des phenomenes d'erosion sont lies a I'action de la pluie. du 
vent et des etres vivants. 

La pluie a trois effets principaux : 

- impact : I'impact direct et repete de la pluie violente altere la surface des elements 
exterieurs et provoque un effritement. 

- ruissel lement et infi ltrations : I'ecou lement de I'eau de pluie sur une surface 
provoque u ne erosion de surface suivie d' inf i ltrations dans la masse qui 
provoque des ecroulements. 

- rejaillissement et infiltration : impact indirect et repete de la pluie rebondissant sur 
Ie sol ,  auvent,  pavement exterieur, e lements sai l lants ou rentrants, suivi 
d'alteration, effritement et creusement. 

Le vent a une action mecanique d'autant plus marquee lorsqu'il transporte des 
particules en suspension et sous forme de tourbi llons. 
Les etres vivants provoquent des chocs ponctuels d'objets ou d'eau. 
La seconde source de degradation de batiments en terre trouve son origine dans 
I'absorption capi llaire de la nappe phreatique ou d'eau dispersee. 

L'absorption capillaire affecte Ie comportement du materiau terre de trois fac,;:ons : 

- transports de sels qui cristallisent par evaporation, 
- diminution de la resistance mecanique, 
- diminution de la resistance a I'erosion. 

Les remontees capil laires dans la paroi sont fonction de trois criteres : 

- la capi llarite du materiau. 
- pesanteur (po ids de I'eau qui remonte). 
- evaporation (conditions hygrothermiques/permeabilite/quantite d'eau). 
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Cette evaporation peut etre suivie de cristaliisation de sels qui par leur expansivite 
provoquent un effritement de la matiere premiere ou une humidite hygroscopique. 
Les sels solubles peuvent se trouver des I'origine dans la matiere premiere 
(formation de carbonates ou sulfates de calcium apres hydratat ion de ciment 
portland, sels dans la terre, . . .  ), ou provenir  du sol (drainage ,  VRD, nappe 
phreatique, murs construits pres de sources de dechets organiques ou construits 
pres de fosses septiques et egouts defaillants, . . .  ), soit par apport exterieur sous 
forme de pluie et vent (par exemple air marin apportant des sels a base de chlore). 
Dans Ie premier cas les apports sont Ii mites dans Ie temps, dans les autres cas les 
apports ont des sources inepuisables. 
La condensation, troisieme source majeure de degradation ,  et I'hygroscopicite en 
soi ne sont pas toujours forcement nefastes a condition d'etre cycliques et qu'iI n'y 
ait pas d'accumulation permanente ni effets secondaires : 
- perte de resistance thermique, 
- moisissures et biodegradations, 
- decoliements des revetements, 
- degradation des elements decoratifs, 
- risque de gel, 
- confort physiologique, 
- erosion de surface. 

I. EAU 
A. IMPACT 
B. RUISSELLEMENT 
C. INFILTRATION 
D. EAU DE CONSTRUCTION 
E. ABSORPTION CAPILLAIRE 

1 .  NAPPE PHREATIQUE 
2. EAU DISPERSEE 

F. MIGRATION ET CRISTALLISATION DE SELS 
I I .  VAPEUR D'EAU/HUMIDITE RELATIVE/TEMPERATUR E/TAUX DE 

V ENTI LATION 
A. MIGRATION DE VAPEUR D'EAU 
B. EVAPORATION 
C. SATURATION DE LA VAPEUR D'EAU 

1 .  BLOCAGE DE LA MIGRATION 
2. DESEQUILIBRE HYGRO-THERMIQUE 

D. HYGROSCOPICITE 
1 .  MATIERE PREMIERE 
2. PRESENCE DE SELS 

D. ORIGINE DES CAUSES DE PATHOLOGIE  HUMIDE 

Dans ceUe liste d'origine des causes nous retrouvons egalement les pathologies 
de structure qui peuvent creer des points nevralgiques qui seront un  l ieu de 
predilection pour I'apparition de pathologies humides du style erosion et infi ltration. 

I .  ORIGINES EXTERIEURES 
A. EAU 

1 .  PLUIE 
a) IMPACT 
b) RUISSELLEMENT 
c) EROSION DIFFERENTIELLE 
d) REJAILLISSEMENT 
e) INFILTRATION 

2. APPORT D'EAU EXTERIEUR 
a) RUPTURE DE CANALISATIONS D'ECOULEMENT 
b) RUPTURE D' INSTALLATION TECHNIQUES 
c) COURS D'EAUISOURCE/EAU DE SURFACE 
d) NETTOYAGE 
e) INONDATIONS 
f) INCENDIES 

3. NAPPE PHREATIQUE 
4. STAGNATION DE NEIGE/GLACE/FONTEIINFIL TRATION 
5. STAGNATION D'EAU 
6. ASPERSIONS 7. JETS 
8. GOUTTES 
9. HUMIDITE DE MISE EN OEUVRE 
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B. AIR 
1 .  VENT 

a) EROSION EOLIENNE 
b) PLUIE BATTANTE 
c) INFILTRATION 

2. VENTILATION 
3. FACTEU R  DE PRESSION ET SUCCION 

C. TEMPERATURElHUMIDITE RELATIVE/PERMEABILITE A LA VAPEUR 
1 .  CHAUFFAGE DE PIECES AYANT DES PROBLEMES DE 

REMONTEES CAPILLAIRES 
2. CHAUFFAGE DE PIECES PREALABLEMENT NON CHAUFFEES 
3. CHANGEMENT DE TYPE DE CHAUFFAGE 
4. BLOCAGE DE LA "RESPIRATION" 
5. BLOCAGE DE LA VENTILATION 
6. MODIFICATION DE L'ISOLATION THERMIQUE ET PARE-VAPEURS 
7. CONDENSATION DE SURFACE 
8. CONDENSATION INTERNE 
9. PONT THERMIQUE 
1 0. HYGROSCOPICITE 
1 1 .  DILATATION THERMIQUE 
1 2. GEUDEGEL 
1 3. AL TERNANCE HUMIDIFICATION/SECHAGE 
1 4. ALTERNANCE CONDENSATION/EVAPORATION 
1 5. CHOCS THERMIQUES 

D. SELS SOLUBLES 
1 .  CRISTALLISATION 
2. CORROSION 

E. PATHOLOGIE STRUCTURE 
1 .  FISSU RES 

a) MICRO 
b) MACRO 

2. AFFAISSEMENTS 
3. TASSEMENTS 
4. DEPLACEMENTS 
5. FLAMBEMENTS 
6. EFFONDREMENTS 
7. EFFRITEMENTS 

F. BIODEGRADATION 
1 .  INSECTES 

a) ABE ILLES 
b) TERMITES 

2. ANIMAUX 
a) OISEAUX 
b) RONGEURS 
c) ANIMAUX DOMESTIQUES 

3. PLANTES 
a) PLANTES INFERIEURES 
b) PLANTES SUPERIEURES 

G. ACTIVITES HUMAINES 
1 .  TRAVAUX 
2. AMENAGEMENTS DE TERRITOIRE 

a) ROUTES 
b) BARRAGES 

3. CHOCS ET DEGRADATIONS 
4. UTILISATION INADEQUATE 
5. MAINTENANCE DEFAILLANTE 

II. ORIGINES INHERENTES AU BATIMENT 
A. MATIERE PREMIERE 
B. MISE EN OEUVRE 

1 .  PROCESSUS DE PRODUCTION 
2. PROCESSUS DE CONSTRUCTION 

I I I. ORIGINES INHERENTES A L'UTILISATION 
A. MODE DE VIE 
B. TRANSFORMATIONS 
C. ENTRETIEN 
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E. DIAGNOSTIC 

1 . M ES U R E  DES SYMPTOMES: CONSTAT ET/OU SURVEILLANCE 
(MONITO RING)  
Tous les phenomenes de  pathologie humide sont lies a la presence d'eau ou  de 
vapeur d'eau qu'il faut quantifier et dont il faut determiner I'origine. 
Dans un premier temps les apparei ls electriques portatifs peuvent permettre de 
determiner la localisation et I'etendue des zones humides. Pour cela il est uti le 
d'employer une methodologie rigide de notation .  
La methode de reference pour la quantification de la teneur en eau est I'etuve a 
1 0SoC pendant 24 heures. II existe par contre une mu ltitude de mesures 
alternatives. 

Parmi les methodes directes, on trouve : 

- mesure du poids des solides et difference, 
- mesure du poids ou volume du liquide, 
- mesure du volume des solides, 
- mesure du volume d'air. 

Les methodes indirectes sont : 

- resistance electrique, 
- Ii mites de consistance, 
- diffusion de chaleur. 

Pour to utes ces methodes, Ie resu ltat n'est pas necessairement fiable dO a 
I ' influence de certains parametres : 

- influence de la temperature de sechage, 
- influence de I'air confine dans les vides, 
- influence du type de sol, 
- influence de I'hypothese de base de la methode employee, 
- influence de la presence de matieres volati les, organiques et de sels, 
- absence d'une relation li neaire entre Ie phenomene mesure et la teneur en eau 

ree l le. 

Les differentes methodes ne donnent donc pas forcement Ie mame resu ltat et sont 
souvent uti l ises a titre i ndicatif ou comparatif. Cette constatation n'empache 
neanmoins pas d'effectuer un diagnostic. 

Vu que plusieurs phenomenes sont lies a la pression de vapeur d'eau I'on peut 
immediatement proceder aux mesures necessaires. 

Dans certains cas, il sera uti le de proceder au depistage de sels cristallises en 
surface afin de pouvoir faire une distinction entre hygroscopicite, eau absorbee et 
condensation ou afin de verifier la validite ou de quantifier I'erreur systematique 
des mesures de teneur en eau par Ie biais de la resistance electrique. 

Le simple constat ponctuel est malheureusement souvent insuffisant et il faudra 
faire appel a des procedures de surveillance dans Ie temps (par exemple, les 
phenomenes de condensation de surface peuvent apparaitre seulement a 
certaines periodes de la journee ou de I'annee). Ces procedures de releve sont 
generalement de longue duree afin de permettre la distinction entre phenomenes 
constants, cycliques constants ou cycliques croissants. 

Apres avoir emis des hypotheses sur la source, il est egalement possible de 
proceder a des mesures complementaires pour verifier I'hypothese emise. 

Nous recommandons egalement de proceder immediatement a la prospection de 
condition des batiments avoisinants. Ce constat elementaire peut neanmoins atre 
indispensable pour determiner les origines de la pathologie. 
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I . TENEUR EN EAU 
A. ESSAIS IN SITU 
1 . DESTRUCTIF IEXEMPLES 

a) CARBURE DE CALCIUM 
b) BAIN DE SABLE 
c) RESISTANCE ELECTRIQUE 

(1 ) ECHANTILLON DE PLATRE IMBIBE 
(2) TIGES DE SONDAGE 

2. NON DESTRUCTIF IEXEMPLES 
a) INFRAROUGES(CAMERA) 
b) RESISTANCE ELECTRIQUE 

(1 ) POINTES DE SONDAGE 
c) METHODE NEUTRONIQUE 

B. ESSAIS DE LABORATOIRE IEXEMPLES 
1 .  ETUVE 1 05°C 
2. METHODE DU PYCNOMETRE A AIR DIFFERENTIEL 
3. BALANCE D'HUMIDITE 

II. VAPEUR D'EAu/HUMIDITE RELATIVEITEMPERATUREITAUX 
DE VENTILATION 
A. ESSAIS IN SITU 

1 .  DESTRUCTIF 
a) COMPORTEMENT DES MATERIAUX 

(1 ) TEMPERATURE DES MATERIAUX 
(a) INTERIEUR IEXEMPLES 

i) THERMOMETRE A CELLULES SEMI
CONDUCTRICES EN GYPSE 
i i )  SONDE DE TEMPERATUR E  DE CONTACT 

2. NON DESTRUCTIF 
a) COMPORTEMENT DES MATERIAUX 

(1 ) TEMPERATURE DES MATERIAUX 
(a) SURFACE IEXEM PLES 

i) TORQUE THERMO-ELECTRIQUE 
i i)  THERMOMETRE INFRAROUGE OPTIQUE 

(2) PRESSION DE SATURATION DES SURFACES IEXEMPLES 
(a) CONDENSATEST 

b) ANALYSE DE L'ENVIRONNEMENT AMBIANT 
(1 ) HUMIDITE RELATIVE IEXEMPLES 

(a) HVGROMETRE ELECTRONIQUE 
(b) HVG ROGRAPHE 
(e) PSVCH ROM ETRE 

(2) TEMPERATURE DE L'AIR IEXEMPLES 
(a) THERMOMETRE A L'ALCOOL 
(� THERMOMETRE INFRAROUGE 
(e) THERMO-HVG ROMETRE 

(3) INSTRUMENT MESURANT LE POINT DE ROSEE IEXEMPLES 
(a) THERMO-HVG ROMETRE 

I I I .  SELS SOLUBLES 
A. ESSAIS IN SITU 

1 .  NON DESTRUCTIF IEXEMPLES 
a) NITRITEST 

2. M ESURES COMPLEM ENTAIR ES 
Ce sont essentiel lement des tests qui permettent de verifier les hypotheses 
d'origine  de cause de patho logie et de mieux comprendre les phenomenes 
constates en cas de doute. l is ne sont done pas fondamentaux pour effectuer un 
diagnostic. 

La premiere action consiste a verifier I'emplacement et Ie fonctionnement de toutes 
les canalisations d'adduction ou d'evacuation. Ce constat simple et elementaire 
permettra dans beaucoup de cas d'identifier I'action de prevention a envisager. 
La deuxieme action consiste a verifier la capacite de drainage du sol de fondation 
et de I'entourage et a detecter la presence d'une nappe phreatique. Ceci permettra 
de faire une distinction entre les differents types d'exposition d'humidite : humidite 
permanente, passagere, eau d'accumulation, eau dispersee, humidite naturelle du 
sol. En meme temps ces mesures donneront des indications sur Ie comportement 
structurel du sol. 

L'analyse du taux de ventilation permettra d'expliquer des phenomenes l ies a 
I 'humidite relative : condensation, evaporation. 
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l'analyse des sels et la mesure du pH de la terre utilisee pour construire et du sol 
dans I'entourage du batiment peut aider a constater ou expliquer des desordres, 
mais pourra egalement servir plus tard pour determiner les caracteristiques de la 
matiere premiere en cas de reconstruction. Par exemple, Ie pH affecte la floculation 
ou la dispersion des arg i les. Certaines techniques de preservation (electro
osmose, stabilisation chimique . . . .  ) modifient Ie degre d'acidite et modifient donc Ie 
comportement de la terre soit en bien ou en mal. 

lorsque I'hypothese d'infi ltrations d'eau de pluie a travers Ie mur est envisagee, on 
peut la verifier en faisant des essais a la boite de permeabi lite qui peut mesurer Ie 
debit absorbe par Ie mur sous une charge constante. 

I. CONTROlE DE lA lOCALISATION DES CANALISATIONS 
A. EVACUATION 

1 .  ASSAINISSEMENT 
2. EAU DE PlUIE 

B .  ADDUCTION 
1 .  EAU D'UN RESEAU 
2. EAU DE SOURCE 
3. EAU DE PlUIE 

C. INSTALLATIONS TECHNIQUES 
1 .  CHAUFFAGE 
2. INCENDIE 

D. INSTRUMENTS POUR LA lOCALISATION 
1 .  PACHOMETRE OU PROFOMETRE 
2. DETECTEUR DE METAUX 

II. CONTROlE DE l'ECOUlEMENT DES CANALISATIONS D'EVACUATION 
(DEBIT) 

III. CONTROlE DE l'ECOUlEMENT DES CANALISATIONS D'ADDUCTION 
(PRESSION) 

IV. HUMIDITE DANS lE SOL 
A. TENEUR EN EAU NATUREllE 
B. NAPPE PHREATIQUE 
C. PERMEABILITE ET CAPACITE DE DRAINAGE 

1 .  ESSAIS IN SITU 
2. ESSAIS DE LABORATOIRE SUR ECHANTlllON CAROnE 

V. CONTROlE DU TAUX DE VENTILATION 
VI. SElS 

A .  MESURES QUALITATIVES 
B. MESURES QUANTITATIVES 

VII. ACIDITE 
VIII. ABSORPTION CAPllLAIRE DES MATERIAUX DE 

CONSTRUCTION 
A. VERIFICATION INFilTRATION DIRECTE D'EAU DE PlUIE IN SITU 
B. ESSAIS DE LABORATOIRE SUR ECHANTlllON CARonE 

IX. HYGROSCOPICITE 

3. EVALUATION DES MESURES 
II est souvent difficile de faire la distinction entre les humidifications dues aux 
infi ltrations de la pluie et par exemple I'absorption capillaire ou la condensation. 
Toutefois certaines caracteristiques des desordres peuvent fournir des indications 
sur la nature du phenomene constate. 
les infi ltrations par la pluie donnent naissance a des taches d'humidite bien 
determinees, meme si el les sont etendues. El les peuvent passer par un maximum 
quelques heures apres une pluie importante. 

les manifestations des remontees capil laires se traduisent generalement par une 
frange humide permanente qui depend de nombreux facteurs : 

- caracteristiques du materiau, 
- possibil ites d'evaporation, 
- epaisseur du mur. 

les condensations de surface se situent generalement a des endroits ou la 
temperature de surface atteint Ie point de rosee ce qui est accentue aux angles et 
aux parties a isolation thermique moins elevee (reduction de I'epaisseur/presence 
d'autres materiaux moins isolants/ponts thermiques). 
la specificite du materiau terre demande neanmoins une prudence dans 
I'etablissement du diagnostic. Ceci necessite une recherche systematique plus 
poussee sur la relation entre les symptomes et les origines de la pathologie. 
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4. EVALUATION DES SYMPTOMES 
I I  est important de faire une distinction entre les differents types de desordre car 
ceux-Ia dicteront Ie type d'intervention a envisager. Ces types sont classes selon 
un ordre decroissant d'urgence et d'importance de I'intervention. 
Comme dans beaucoup de cas, la science et I'experience sont tres developpees 
dans Ie domaine des mesures de phenomenes. L'interpretation et Ie· jugemelit de 
ces mesures sont souvent arbitraires et n'ont pas a ce jour de base scientifique. 

I. DESORDRES METTANT EN CAUSE LE MAINTIEN DU BATIMENT 
II. DESORDRES METTANT EN CAUSE LE MAINTIEN DES PARTICULARITES 

SPECIFIQUES POUR LA VALEUR HISTORIQUE OU CULTURELLE DE 
BATIMENT 

III . DESORDRES SANS CONSEQUENCES POUR LE MAINTIEN DU 
BATIMENT 

III. CONCLUSIONS 
L'objectif principal de cet expose est de proposer une grille de reflexion concernant 
I'analyse et Ie traitement des pathologies humides bases sur des hypotheses 
d'intervention bien precises : 

- comprendre les effets, causes et origine des causes des desordres, 
- intervention au niveau des origines des causes de pathologie, 
- inspection et entretien regulier. 

Cette analyse a permis d'identifier trois lacunes majeures pour I'aboutissement 
d'une approche coherente : 

- manque de bases solides permettant I'i nterpretation des mesures dans la phase 
du diagnostic, 

- manque de bases solides permettant I'evaluation de la gravite des symptomes 
egalement dans la phase du diagnostic, 

- manque de suivi et evaluation systematique des interventions techniques et 
diffusion des resu ltats permettant aussi de verifier la validite du diagnostic 
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ABSTRACT 

The average grain-size 
distribution of  New Mexican 
adobe soils was 67 wt% 
sand-and-Iarger size , 2 7  
wt% s ilt size , and 6 wt% 
clay size . Ground water o f  
the state is  mostly "hard" 
to "very hard , " containing 
up to several thousand 
parts per mill ion TDS . 
Adobe soil clay mineralogy 
is varied , but the clay
s ize fraction commonly 
consists of about equal 
proportions of expandable 
clay minerals ( smectite and 
mixed-layer ill ite/smec
tite) and non-expandable 
clay minerals ( kaol inite , 
i l l ite , and chlorite ) . 
Calcite ( caC03 ) is nearly 
ubiquitous , especially in 
the clay- and silt-size 
fractions .  Analyses of 
soil mixes show that the 
soluble part (principally 
calcite) averaged 1 0  wt% ,  
but ranged from 3 6  wt% to 
zero . The New Mexican 
climate in which calcium 
ions are retained in soils 
rather than leached pro
duces many of the mineral 
constituents and physical 
properties of the state ' s  
earthen wal l s .  

Adobe soils from other 
arid parts of the world are 
generally quite similar in 
particle-size , bulk miner
alogy , clay mineralogy , and 
the amount of soluble 
minerals present , but adobe 
soils from tropical areas 
with considerable rainfall  
can be quite di fferent . 
The West African nation of  
Ghana has earthen wal l s  
that appear t o  contain 
particles with finer aver
age size ; quartz and hal
loysite ; and only a very 
small amount of soluble 
minerals . Therefore , 
different cl imates produce 
different types of adobe 
soil s ; different production 
techniques produce wal l s  
with different physical 
properties . Conservation
ists must consider these 
points when selecting 
appropriate preservation 
techniques for earthen 
architecture . 

KEYWORDS 

Adobe , clay minerals , 
mineralogy , cl imate , New 
Mexico 
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ADOBE AND RELATED BUILDING MATERIALS IN NEW MEXICO , USA 

George S .  Austin 
New Mexico Bureau of Mines and Mineral Resources 
Campus Station , 
Socorro , NM 8 7 8 0 1  
U . S . A .  

Introduction and History 

Mud is one of the oldest building materials used by man . Some of 
the earl iest remains of  adobe structures are those discovered in 
the ruins of  Neolithic farming villages in Mesopotamia dating as 
far back as 7 00 0  B . C .  [ 1 ] . The word "adobe" has its roots in 
Egyptian hieroglyphs denoting brick and evolved through Arabic 
and Spanish to its present form [ 2 ] . spanish conquests of  the 
New World spread the use of wooden molds to produce a standard 
adobe brick . Today , the word "adobe" is used to describe various 
earth building materials and techniques , usually referring to 
sun-dried adobe brick now used in the united States , but also 
appl ied to puddled adobe structures , mud-plastered logs or 
branches ,  and pressed-earth blocks and rammed-earth wal l s  (pise) . 

The first recorded use of adobe in the Americas was around 
3 0 0 0  B . C .  in the Chicama Valley of Peru [ 3 ] ; common use of  
earthen construction in the American Southwest probably does not 
predate the 1 0th or 1 1th century A . D . , when the use of puddled 
adobe and rammed earth began [ 4 , 5 ] . Examples of adobe from this 
period can be seen at such New Mexican locations as Casa Grande 
and the multistoried Taos Pueblo ( see fig .  1 ) . 

What is known as the Indian period of construction concluded 
upon arrival of the Spanish colonists in 1598 ; new techniques and 
forms of architecture were introduced into New Mexico [ 6 , 7 ] . 
Yet , because of the isolation of the region and bare survival 
conditions for the new settlers , the Spanish Colonial period was 
characteri zed by l ittle technical or cultural advancement . Most 
buildings of this period were constructed much the way and of  
the same materials that I ndians had used before . 

The opening of the Santa Fe Trail in 1 8 2 1  s ignaled the 
beginning of influence from midwestern and eastern states and 
lessening of the adobe influence in New Mexico . The 1 8 4 6  occupa
tion of the region by the U . S .  Army , and in 1848  the annexation 
of the Territory of New Mexico , brought a flow of new materials 
and ideas . I n  the 1 8 8 0 ' s  the railroad passing through the south
west provided new settlers and eastern building materials that 
included milled lumber, window glas s ,  burned brick , and corrugat
ed iron . But again , because of the isolation of the area , tech
nology and building materials commonly used elsewhere were only 
slowly established in New Mexico . As a consequence , the American 
Southwest is the center for adobe construction of homes , church
es , and commercial buildings , as well  as of old mil itary forts . 

Present Conditions in the American Southwest 

Although adobe structures are found throughout the united States , 
the four contiguous southwestern states--New Mexico , Arizona ,

. Texas and Cal ifornia--contain 9 7 %  of this country ' s  adobe bUlld
ings [ 8 ] . In 198 0 ,  an estimated 17 6 , 000 adobe homes occupied by 
over hal f  a million people were in use in this country , with 
approximately 1500  new adobe homes built each year . Of the four 
southwestern states , New Mexico is the acknowledged leader in the 
adobe market , each year commercially producing betw.een 3 - 4  mil
l ion adobe brick . This figure represents about hal f  of the total 
annual production and represents between 6 00-800 new dwell ings 
each year . In 198 0 ,  about 1 2 %  of all buildings in the state , or 
5 9 , 0 0 0  buildings , were estimated to be constructed of adobe and 
in use . 

Earthen Construction 

Several different varieties and sizes of earthen brick have been 
produced throughout the American Southwest ; these include tradi
tional adobe , semistabil ized adobe , New Mexican terrones ( cut-sod 
brick) , quemado ( burnt adobe ) , and machine-presse�-earth b�ock ; 
in addition rammed-earth wal l s  are constructed wlthout brlck 
[ 9 ] . The t�o maj or types of  adobe brick currently produced in 

New Mexico are traditional adobe brick and semistabil ized adobe 
brick . 



Figure 1 .  Five-story Taos 
Pueblo originally built of 
puddled adobe (made by 
patting mud into a wall 
shape) before the 
introduction of Spanish 
adobe forms . Note mud 
plastering that is carried 
out each year to maintain 
the structure . 

Figure 2 .  Adobe mud placed 
in 10-brick ladder forms at 
the commercial adobe yard 
of New Mexico Earth in 
Alameda , New Mexico . 

Figure 3 .  Earth Press III 
pressed-earth-block machine 
manufactured near Grants , 
New Mexico , and set up near 
a wall under construction 
in Velarde , New Mexico . 

Figure 4 .  Exterior 60-cm
thick rammed-earth wall of 
home under construction by 
Soledad Canyon Earth 
Builders , Mesilla , New 
Mexico . 

Adobe 90 

Often referred to as untreated or sun-dried adobe brick, 
traditional adobe is made with soil composed of sand , silt , and 
clay . Straw is sometimes added to prevent excessive cracking 
during drying . The moistened soil mixture commonly is packed 
into a brick-like mold , released ( see fig . 2 ) , and allowed to dry 
or "cure" for several weeks before use . 

semistabilized adobe brick was developed by maj or adobe 
producers in New Mexico and is classified as a water-resistant 
brick because of the addition of 3-5  wt% of a stabilizer or 
water-proofing agent . The stabilizer is used to protect the 
brick from damage by rainstorms during the curing process . 
Asphalt emulsion is the primary stabilizer because of the ease of 
use and the low cost , but 5-10 wt% portland cement is also used . 
Semistabilized adobe is made the same way as traditional adobe , 
except for mixing the stabilizer into the adobe soil prior to 
packing it into a form . 

Fully stabilized adobe brick is defined by the New Mexico 
Building Code as water-resistant adobe made of soil with certain 
admixtures that l imit the brick ' s  seven-day water absorption to 
less than 4 wt% . A fully stabil ized adobe brick usually is made 
with 6-12 wt% asphalt emulsion . Exterior walls constructed with 
stabilized mud mortar and brick require no additional protection 
and can be left exposed without stucco . The production of fully 
stabilized adobe brick is very low because most walls are stuc
coed with water-resistant plaster, and the additional 
waterproofing agent adds �xtra cost without returning added 
benefits . 

A breakdown of New Mexican adobe-brick production in 1987 
shows 27% were traditional ( untreated) bricks , 6 8 %  were semista
bilized , and 5% were stabilized .  These percentages appear t o  be 
fairly typical of the 1980 ' s ,  as semistabilized adobes were 
generally accepted as the adobe brick of choice . Prior to the 
1970 ' s ,  most adobe buildings were built with traditional adobes . 

Pressed-earth block presently makes up a small portion of 
earth brick currently used in New Mexico [ 10 ] . The CINVA-RAM 
hand-operated press was developed by a Chilean engineer in the 
1950 ' s  and has been used in New Mexico , but the maj ority of 
pressed-earth blocks in the state are made by gasoline- or die
sel-powered machines ( see fig. 3 )  Several have been designed and 
used in New Mexico in the past to press the adobe soil mixture 
into a form , minimiz ing the amount of time required between 
forming the block and placing it into the wall . Portland cement 
or asphalt emulsion has been used to partly or fully stabulize 
pressed-earth blocks . In 1987 , 2 8  pressed-earth-block machines 
in New Mexico produced about 64 2 , 000 earth blocks , but all 
pressed-earth-block producers were small-volume and/or part-time , 
or non-commercial . 

Rammed-earth homes commonly have much thicker walls than 
most other earthen dwellings , up to about one m thick . Wooden or 
metal concrete forms are put in place on stone or concrete foot
ings and 15-20 cm thick layers of moistened soil are put between 
the walls of the forms . Hand or hydraul ic tampers are used to 
pound the soil into the shape of the form and reduce the volume 
of the mixture by 25-30% , into a dense and firm compaction . 
After multiple layers of the tamped soil reach the desired 
height , forms are removed and the wall is allowed to dry ( see 
fig .  4 ) . Portland cement is the common stabilizer used . Produc
ers indicate that rammed-earth walls continue to harden , or cure , 
during the first year after construction . During 1987 , the 
state ' s  two rammed-earth construction firms built three homes 
[ 1 1 ]  • 

Characterization of New Mexico Adobe Soil 

Analyses by the New Mexico Bureau of Mines and Minerals Resources 
of mud bricks from buildings abandoned or under repair show old 
adobes are compositionally the same as modern adobes , except that 
they lack stabilizers now in common use . The soils for various 
types of New Mexican adobe walls are all similar in composition , 
but with interesting minor variations primarily based on produc
tion techniques . These differences may cause variations in the 
effectiveness of preservation methods used on earthen architec
ture 

Geoloqy--Soils used by New Mexico ' s  present-day adobe producers , 
and probably past adobe producers as well ,  are principally from 
stream deposits ,  particularly Holocene (Recent) terrace deposits 
and older , loosely compacted geologic formations , such as the 
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santa Fe Group ( Tertiary) located in the Rio Grande valley . 
Although adobe structures are scattered over the entire state , 
they are most common in abandoned and present-day communities 
along the Rio Grande and its tributaries . Nearly 80% of commer
cial adobe producers are between Taos in north-central New Mexico 
and Belen near the center of the state , and most of them use a 
sandy loam ( 50 %  clay and silt) associated with or derived from 
the Santa Fe Group . 

Particle-size Distribution--Forty one analyses of the soil used 
in 1988 by 3 8  commercial earth block and wall producers indicate 
that the soil material contains 2 7-89 wt% sand-and-larger-grain
s i z e ,  8-68 wt% silt-siz e ,  and 1-15% clay-size grains (Table I ,  
see fig .  5 ) . The average grain-size composition was 6 7  wt% sand
and-larger, 27 wt% silt , and 6 wt% clay . The wide variation of 
particle sizes ,  particularly in the sand-and-larger-size and 
silt-size grains , affects the penetration of preservatives 
sprayed or painted on wall s .  The smaller the average grain size,  
the more surface area is involved , and the more preservative is 
needed to stabilized a wall to a given depth . Adobe walls with 
high clay- and/or silt-size content would need the most . Clay
size particles also act as molecular sieves and catalysts in some 
cases . 

Soil used for earthen building materials in New Mexico is 
coarser than was expected and contained far less clay-size parti
cles than most New Mexico producers indicate . The common state
ment is that their mix is usually one-hal f  sand and one-half 
" clay" or " f ines" ( silt and clay ) ; however , commercial adobe 
soils range from 8 5  to 99 wt% non-clay particles . When drying 
adobes develop excessive cracks because of the abundance of clay
size particles , producers add straw and/or additional sand to the 
mud mixture . 

Large-scale commercial adobe producers use adobe soils with 
less clay-size material than do small-scale commercial and non
commercial adobe producers . Some of the former are as low as 
about 1 wt% clay ,  whereas many of the latter are between 8 and 15  
wt% (Table I ) . In part , this is because large-scale commercial 
adobe producers use stabilizers which not only protect blocks 
from rain damage , but aid in consol idation of the drying soil mix 
as wel l .  These stabil izers , particularly asphalt emulsion , may 
inhibit penetration by some preservatives into wal l s .  

Bulk Mineralogy--X-ray diffraction analyses of whole-rock samples 
indicate the maj or constituents of adobe soils are quartz and 
feldspar , with lesser amounts of ( in order of abundance) calcite , 
clay minerals , and gypsum . The quartz ,  feldspar , most of the 
clay minerals ,  and some of the calcite are derived from the 
mechanical/chemical breakdown of older rocks units . Some of the 
clay minerals ,  much of the calcite , and all of the gypsum is 
precipitated from evaporating ground water . 

� Mineralogy--Although smallest in percentage of size frac
tions in earth construction material , clay-size grains are the 
most compositionally variable (Table I ) . In general , clay miner
als in this size fraction consist of about equal parts of expand
able clay minerals ( smectite and mixed-layer illite/smectite or 
I/S ) , non-expandable clay minerals (kaolinite , illite , and chlor
ite) , with minor quartz , calcite , and feldspar [ 12 ] . The range 
of clay-mineral compositions is shown in Table 1 .  The smectite 
is universally calcium-rich and the I/S is disorganized , randomly 
interstratified smectite and illite . Chlorite was found in only 
two samples , and vermiculite , sepiol ite , and palygorskite were 
not found in this study . While in minor amounts ,  clay-sized 
calcite was found in nearly every adobe soil sample . 

Expandable clay minerals tend to be more " sticky" than non
expandable varieties and thus are more effective in binding silt 
and sand particles together .  Expandable clay minerals also form 
colloidal suspensions with water and therefore moisture , whether 
as rainfall or ground water , has the greatest effect on adobe 
soils with the largest proportion of smectite and I/S . 

For past producers , as well as those in the present , expand
able clay minerals were sometimes a problem . Cracking of drying 
adobe brick in New Mexico is due most probably to the relatively 
large proportion of smectite and I/S in adobe soil : soils with 
higher clay content , but lower smectite and I/s content , will 
have less tendency to crack . Cracking is extreme on windy days 
when the shrinking clay structure is changing rapidly . Drying 
slowly over many relatively calm days allows multiple layers of 
finely crystall ine calcite ( and some gypsum) to form on a clay
size scale strengthening the bricks and preventing cracks . 
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Hydrol ogy--Ground water near the Rio Grande valley is generally 
hard to extremely hard , containing total dissolved sol ids (TDS ) 
ranging from about a hundred parts to several thousand parts per 
million [ 13 , 14 ] . Soluble salts , notably calcium carbonate and 
calcium sul fate , are precipitated as this water evaporates .  
White crusts o f  these salts at the surface are common in marshy 
areas of the state during most of the year.  Cal iche layers from 
prolonged precipitation of calcium carbonate from ground water 
j ust below stabile surfaces and calcium-rich soi l s ,  are common in 
New Mexico , particularly in the older sedimentary units close to 
'the Rio Grande [ 15 ] . 

Leaching tests with EDTA ( ethylenedinitrilotetraacetic acid) 
on 25 adobe soils ( see fig . 6) indicate the soils contain an 
average of about 90% insoluble and 10% soluble material � the 
latter is dominantly calcite and some gypsum . In this study , 
soluble material ranged from 3 6  wt% to essentially zero . Adobe 
soils with the smallest amount of soluble material were also the 
highest in sand and larger-size particles . 

Adobe Soils from other Parts Q! the World 

The cl imate plays a large role in dictating what is acceptable 
adobe soil . Arid regions , similar to New Mexico , should have 
similar average grain size,  bulk mineralogy , clay mineralogy , and 
soluble mineral matter [ 16 ] . Tropical areas with a great deal of 
precipitation , at least during some of the year, may have quite 
different adobe soils . Some parts of the West African nation of 
Ghana have seasonal high rainfall and considerable earthen con
struction . Mud is commonly rolled into balls that are then 
placed into wal l s ,  patted into shape, and allowed to dry . Walls 
produced in this manner stand without a water-resistant stucco 
for tens of years with only minor damage [ 17 ] . 

Areas with greater rainfall than evaporation have a domi
nance of aluminum-rich clay minerals ,  in particular , kaol inite , 
but only minor soluble compounds of calcium , magnesium , sodium , 
and potassium . Deeply weathered soils consist essentially of 
quartz (most commonly as very fine-grained sand and silt) and 
kaolin minerals . Abundant rainfall commonly produces halloysite , 
a variety of the kaolin group of minerals with loosely attached 
structural water � it is probably the most common clay mineral in 
tropical soils . Halloysite has the poorest crystall inity of any 
of the kaol ins � it expands and contracts with fluctuating water 
content , but it also irreversibly loses water as dryness ap
proaches . 

Patting the mud into shape is an equivalent to the rammed 
earth technique used in New Mexico and produces a dense wall of 
very f ine-grained material . The thoroughly dried mud wall 
contains dewatered halloysite , which cements structural ( quartz)  
grains together .  Clay-size halloysite grains at the wal l  surface 
act as a natural stucco which prevents penetration of moisture 
into a wall more than a few mill imeters . Erosion of the wall is 
therefore a very slow process ,  even during torrential downpours 

Summary and Conclusions 

Samples of commercial earth construction materials from many 
different parts of New Mexico , the principal adobe-producing 
state , commonly contain varying amounts of quartz , feldspar, 
calcite , and clay minerals .  The clay-size fraction is the 
smallest of the particle sizes . Clay minerals in this fraction 
consist of about equal parts of expandable and non-expandable 
types , but the proportions of individual clay-mineral groups 
( kaol inite , illite , smectite , I/S , and chlorite ) vary widely . 
Soluble nonclay minerals in the clay-size fraction , especially 
calcite , are nearly ubiquitous . 

In much o f  New Mexico ,  calcium ions are retained in soil and 
water . When earth block and walls harden ,  calcium , mainly as 
carbonate , appears to crystallize on a microscopic scale and aids 
in binding mineral grains together . This occurs during the 
"curing" process that may last several weeks and that producers 
believe is vital for producing high-qual ity block and walls . 
Calcium-rich , f ine-grained cementing agents in earth blocks and 
wal l s  in New Mexico are the dominant factor in the hardening of 
earth bricks and walls . The arid climate that causes retention 
of calcium ions therefore is essential in the production of the 
earth-wall construction materials used in New Mexico and the rest 
of the American Southwest . 

The results o f  particle-size,  bulk mineralogy , clay mineral
ogy , and leaching analyses of New Mexican samples are quite 
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typical of results of tests on adobe soils from similar arid 
cl imates in other parts of the world . The results of those tests 
on adobe soils from tropical counties where soluble ions are 
leached away are quite different . Therefore , the cl imate produc
ing adobe soils must be considered in the interrepretation of 
analytical data . Similarly , the cl imate may be the deciding 
factor in which preservation technique to use , because the suc
cess of those techniques is very dependent on the physical 
properties and mineral constituents of earthen architecture . 
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TABLE I .  
ANALYSES OF ADOBE SOILS FROM 4 2  COMMERCIAL NEW MEXICAN PRODUCERS 

PRODUCER 

A .  D .  Adobe 
Adobe Internatl . 
Adobe Bricks of NM 
Adobes Unl imited 
Aguires Services 
Big "M" Sd . & Grv . 
Correction Indust . 
Coyote Adobe 
DeLaO Adobe 
Eloy Montano 
Gal l egos Sd . & Grv . 
Huston Constr. 

Huston resample 
Jaquez Constr . 
Paul Martinez 
Medina ' s  Adobe 
Ralph Mondragon 
New Mexico Earth 
Northern Pueblos 

Nambe Pueblo 
Poj oaque Pueblo 

Otero Bros . 
Picuris Pueblo 
Isleta Pueblo 

Isleta resample 
Ridge Adobe 
Rio Abaj o Adobe 
Archie Rivera 
Jim Rivera 
Rodriguez Bros . 
Steve Romero 
Manuel Ruiz 
Roman Sandoval 
Candelario Saucedo 
Carl & L. steiner 
The Adobe Farm 
The Adobe Patch 
Tim ' s  Adobe 
El ias Vargas 
Trini Velarde 
Western Adobe 

AVERAGE 
Maximum 
Minimum 

PARTICLE 
SAND+ SILT 

% % 
8 5  1 3  
69 2 2  
8 1  1 6  
6 7  3 1  
52  4 5  
3 4  6 0  
5 4  4 0  
7 2  24  
7 1  2 1  
6 1  3 5  
84 10  
68  2 5  
69 2 5  
6 9  2 6  
55  36  
76  9 
54 42  
78  18 

40 55 
57 3 7  
68  2 0  
4 1  55  
89 10  
89 10  
7 6  9 
77  21  
8 3  15  
6 0  3 1  
63 30 
77  19 
7 3  2 0  
2 7  6 8  
66  26  
55 37 
50 4 1  
8 0  18 
8 1  8 
8 3  1 6  
4 8  4 7  
8 3  13  

67 
89 
2 7  

28 
68 

8 

SIZE 
CLAY 

% 
2 
9 
3 
2 
3 
6 
6 
4 
8 
4 
6 
7 
6 
5 
9 

15  
4 
4 

5 
6 

12 
4 
1 
1 

15  
2 
2 
9 
7 
4 
7 
5 
8 
8 
9 
2 

1 1  
1 
5 
4 

6 
15  

1 

CLAY MINERALOGY 
SMEC I/S ILL KAO CHLOR 
-------parts in 10-------

4 1 3 2 0  
3 TR 2 5 0 
6 1 2 1 0 
1 2 3 4 0 
1 3 2 3 1 
3 2 2 3 0 
o 3 3 4 0 
3 3 2 2 0 
1 4 3 2 0 
2 2 3 3 0 
2 4 1 3 0 
1 4 3 2 0 
2 2 2 4 0 
2 2 1 5 0 
1 4 2 3 0 
1 5 2 2 0 
1 5 1 3 0 
2 4 1 1 2 

2 
3 
3 
3 
2 
2 

TR 
1 
1 
1 
1 
4 
2 
1 
2 
1 
2 

TR 
1 
1 
2 
2 

2 
.6 
o 

2 
4 
3 
3 
3 
3 
3 
1 
3 
2 
4 
2 
4 
3 
2 
4 
3 
2 
4 
4 
3 
4 

3 
5 
1 

4 
2 
1 
2 
2 
2 
3 
2 
3 
1 
3 
2 
2 
3 
2 
2 
2 
5 
3 
4 
2 
1 

2 
5 
1 

2 
1 
3 
2 
3 
3 
4 
6 
3 
6 
2 
2 
2 
3 
4 
3 
3 
3 
2 
1 
3 
3 

3 
6 
1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
2 
o 

Sand+ is sand-and-larger-grain size ; clay material is divided 
between smectite ( SMECT) , random mixed-layer i l lite/smectite 
( I/ S ) , i l l ite ( ILL) , kaol inite ( KAO) , and chlorite ( CHLOR) , and 
in parts of 10 ; trace (TR) is less than 1/2 part in 10  



Figure 5 .  Plot of sand and 
larger , silt , and clay 
grain-size fractions of 4 2  
production adobe soils used 
in New Mexico . The diagram 
shows the dominance of the 
larger particle sizeS 
compared to clay grain-size 
material .  

Figure 6 .  Summary of 
leaching analysis of 25 
adobe soils used in New 
Mexico . The average 
insoluble fraction 
( insoluble in EDTA after 

boil ing for four hours) is 
9 0 % . 
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ABSTRACT 

A mineralogical survey of 
adobes from several historic 
and archaeological earthen 
st ructures in diffe rent 
part s of the world was 
undert aken to evaluate the 
var i ab i l it y  in durab i l i t y  
and r e s i s t ance t o  
weathering . The mineral 
composition ( inc luding c l ay 
type and quant i t y )  and 
overall part i c l e  s i z e  
distr ibut ion w a s  determined 
for each sampl e .  A study o f  
the effect ivene s s  of two 
chemi cal consol idant s ( a  
s i l ane and a n  i socyanat e )  on 
the adobe s amples was a l s o  
performed . Prel iminary 
results indicate that 
variation in c l ay mineral ogy 
and grain s i z e  dist ribut i on 
p l ay s i gn i f i cant roles in 
the succe s s  or fai lure of 
chemi cal consol idat i on . 
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Background and I ntroduction 

Earth has been used in the construct ion o f  she l t e r s  by mank ind for 
thousands of years [ I ] , and approximate l y  30 percent o f  the 
world' s present population s t i l l  l ive in earthen dwe l l i ngs [ 2 ] . 
Adobe ,  and other forms o f  earthen structure s ,  are manufact ured 
throughout the world and use the s implest of mat eri a l s : e arth 
( cl a y ,  s i lt and s and) and wate r .  The actual comp o s i t i o n  depends 

upon the raw mat e r i a l s  which vary around the world . Due t o  the 
inherent weakness of earth in wat e r ,  most surviving archaeological 
and abandoned historic s t ructures are l o cated in arid or semi - arid 
environment s .  Many inhab ited, and the re fore maint a ined, earthen 
s t ructures exist in areas of high rainfal l .  Because adobe i s  one 
of the earliest known material s ,  it is not surpr i s ing that a 
number of the world' s s i gn i fi cant cultural s t ructures are composed 
o f  adobe . Howeve r ,  many of these historic s t ructures have a very 
t enuous existence . 

Research into cons o l i dat i on and pre s e rvat i on of h i s t o r i c  
earthen s t ructures h a s  become an import ant sub j ect a t  t h e  Getty 
Con servat i on Inst itute ( GC I ) . The focus at the GCI has been on 
adobe , or sun-dried earthen bricks . Many important h i storic adobe 
buildings , part icularly archaeologi cal s t ructure s ,  are in danger 
of being lost due to expo sure to the e l ement s ,  spe c i f i c a l l y  water . 
There fore , the need for an e ffect ive method o f  prote ct ing adobe 
against deteriorat ion by water has become apparent . For modern 
adobe construct ion the so lut ion is much easier because d i f ferent 
addit ive s can be combined with the initial adobe mixture . For 
historic adobe t h i s  i s  not p o s s ible . Howeve r ,  one promi s ing 
method is treatment with chemical consol idant s . This approach has 
been attempted in the past , generally with poor resu l t s  [ 3 ] . 

Early research int o treatment of adobe with chemical 
consol idants conducted at the GCI demon st rated that hexamethylene 
di i s ocyanat e-derived polyme rs and s i l ane esters were most 
e f fect ive in protect ing adobe from deteriorat ion by wat er [ 4 ] . 
Ongo ing research has shown that diffe rent adobes react di f fe rent ly 
t o  attempted chemical con sol idat ion . This appears t o  be 
cont rol led by the composit ion o f  the adobe,  spe ci f i c a l l y  the c l ay 
mineral ogy , the part icle - s i z e  dist ribut i o n ,  and the phys i cal 
condit ion , espe c i a l l y  internal cohe s ion of the st art ing mate r i a l . 
Because of this it was decided that adobes from around the world 
wou ld be examined in an attempt t o  determine the range of 
responses and most e f fect ive methods for consol idat ing d i f ferent 
mat er i a l s . This involved charact eri z ing the comp o s i t i o n  ( i . e . , 
bulk mine ralogy, c l ay types and the ir re lat ive amount s ,  organ i c  
mat t e r  cont ent , amount of soluble s )  and part i c l e- s i z e  dist ribu t i on 
o f  the d i f fe rent s ampl es . 

Materials and Methodology 
Adobe s amp l e s  were c o l l e cted from e i ght s i t e s . The se include 
h i s t o r i c  adobe from China , Egypt , EI S alvado r ,  I s rae l ,  and New 
Mexi c o ,  and modern adobe from New Mexico and southern Cal i fornia 
( USA) . The historic adobe from New Mexico ( F S - 1 )  i s  approximat ely 
1 0 0  years o l d  and was c o l lected from the ruins o f  the former army 
post Ft . S e lden in southern New Mexico . Two s amples o f  h i s t o r i c  
adobe from China w e r e  col lected from t w o  different s i t e s . O n e  i s  
from a 4 0 0  t o  6 0 0 -year-old Ming dynasty fort ( CH- 1 )  l o cated near 
Datong in northern China . The other i s  from an 1 1 0 0  to 1 4 0 0 - year
old Tang Dynasty t emple (CH- 2 )  l ocated near Dunhuang in 
northwestern China at the edge o f  the Gobi de sert . Two s ampl e s  of 
1 3 6 5 - year-old adobe from EI S alvador ( E S- 1 ,  E S - 2 )  were obt ained 
from a s i t e  located at El Ceren . The Egypt ian adobe ( EG- 1 )  was 
obt ained from the Temple of Karnak which i s  l ocated on the N i l e  
and i s  approximat e l y  3 5 0 0  years old . Samples of two diffe rent 
3 8 0 0 - year-old adobes from Tel Dan ( TD- 1 ,  TD-2 ) in northern I s rael 
we re a l s o  evaluated . The modern adobe from New Mexico was made at 
the s i t e  of Ft . Se lden ( F S - 2 ) . Two s amples o f  modern adobe from 
s outhern C a l i fornia were a l s o  evaluated . One was made near the 
city of Ventura ( CA- 1 ) , north of Los Ange l e s ,  the other from the 



TABLE I .  
BULK ADOBE MINERALOGY 

SAMPLE 

CA- 1 
CA-2 
CH- 1 
CH-2 
EG-1 
ES- 1 
ES-2 
FS- 1 
FS-2 
TD- 1 
TD-2 

MINERALOGY 

Q» PI » CI > Kf 
Q» Kf > PI > CI 
Q > Ct > PI > CI 
Q » Ct » Kf > PI > CI 
Q >  PI > Kf > CI 
Q >  CI > Fs 
Q � Fs > CI 
Q » Kf > PI > Ct > CI 
Q » PI > Kf > CI > Ct 
Q » CI > PI 
Q > Ct » CI � Fs 

Codes for bulk mineralogy : 
CI = clay, Ct = calcite, Fs = feldspar, 
Kf = orthoclase, PI = plagioclase, 
Q = quartz 

TABLE I I . 
CLAY- S I ZE FRACT I ON « 2� )  

MINERALOGY 

SAMPLE 

CA- 1 
CA-2 
CH- 1 
CH-2 

EG-1 
ES-1 
ES-2 
FS- 1 
FS-2 
TD-1 
TD-2 

MINERALOGY 

I > K � I/S > S  (+/- Q, Fs) 
I � I/S > K > S (+/- Q, Fs) 
I/S > I � Ch > K > S (+/- Ct, Q) 
I >  Ch > I/S > K >  S (+/- Q, Ct. 
Fs, D) 
K � S > I/S (+ /- H) 

Ha (+/- Fs) 
Ha (+/- Fs) 
I/S > K > I > S  (+/- Q, Ct, AI) 
I � K > I/S > S  (+/- Q, Fs, Ct) 
I »  I/S � K (+/- Q,H,Z) 
K »  I/S > I (+/- Q, Ct) 

Codes for clay-size fraction mineralogy: 
Ch = chlorite, Ha = halloysite, I = illite, 
I/S = mixed-layer illite and smectite, 
K = kaolinite, S = smectite ; (+/
indicates non-clay minerals detected 
but their relative abundance not 
determined : AI = allophone, Ct = 

calcite, D = dolomite, Fs = feldspar, H = 

halite, Q = quartz, Z = zeolite) 

TABLE I I I .  
GRAIN- S I ZE D I S TRIBUT I ON 

ADOBE SAND+ S I LT CLAY 
> 62� 62-2� <2� 

CA- 1 8 %  65 % 27 % 
CA-2 82 % 1 7 % 1 %  
CH- 1 30 % 58 % 1 2 %  
CH-2 14 % 65 % 21 % 
EG-1 4 %  84 % 1 2% 
ES-1 57 % 40 % 3 %  
ES-2 66 % 31 % 3 %  
FS-1 43% 33 % 24 % 
FS-2 9 %  53 % 38 % 
TD-1 5 %  59 % 36 % 
TD-2 27 % 67 % 6 %  

Clay Chemistry and Microstructure 

S ant a Fe Springs area o f  Los Ange l e s  ( CA- 2 ) . 

Who le rock and c l ay mine ral ogy of the adobes were obt a ined by 
X- ray di f fract ion (XRD ) analyse s . Part i cle s i z e  d i s t ribut i on was 
det ermined using mechan ical s i eving for the s and- and- l arger
( s and+ ) and s i l t - s i z e  part i c le s ,  and a settl ing tube for the 
c l ay- s i z e  fract i on . The grain s i z e  di st ribut ion i s  reported as a 
percent o f  s and- s i z e  and greater ( > 62�m) , s i l t - s i z e  ( 62 - 2�m) , and 
c l ay- s i z e  « 2�m) . Examinat ion us ing s cann ing e le ctron micros copy 
( SEM) permitted visual compari son of the c l ay morpho l ogy from 

d i f ferent adobe s ,  and e l emental compo s it i ons were obt ained by 
energy-di spers ive X-ray anal y s i s  (ED S ) . Addit i onal analyses 
include det erminat i on o f  soluble componen t s  such as cal cium and 
magne s ium carbonat e s  and sul fat e s  by EDTA 
( ethylenediaminetetraace t i c  acid) leaching , dete rminat i on of the 

amount of volat i l e s  and organ ic matte r  by combust i o n ,  and natural 
r e s i s t ance to d i s aggregat ion in water . The amount o f  volat i l e s  
a n d  organi c  material was det ermined b y  t a k i n g  a represent at ive 
s amp le of adobe and gr inding it into a powder . This was then 
p l aced in a t ared crucible and we i ghed, heated in an oven at 3 0 0 0  
C for approximately 1 8  hours , then removed and a l l owed t o  cool in 
a de s i ccat o r ,  and rewe ighe d .  The resulting we i ght l o s s  includes 
moisture as we l l  as organ ic matt e r . The e r o s i onal sus cept ibil ity 
or re s i st ance t o  disaggregat ion in wate r  was dete rmined by p l acing 
a s ampl e  o f  e ach adobe into a beaker of de i o n i z e d  wat er and 
observing how quickly it dis aggregate d .  

I n  addit ion t o  the above test s ,  several o f  the adobe s amples 
were t reated with chemical cons o l i dant s :  a s i lane , manufactured by 
P r o S oCo Inc . as Conservare Stone St rengthener H� ( S S - H ) . This i s  a 
tetraethy l o rtho s i l i cate with methylt ri ethoxys i l ane for water 
rep e l lency and contains 75% act ive sol ids in an acetone -MEK 
s o l ve�t . The S S - H  i s  app l i ed di rect l y  to the adobe without 
dilut i on with addit ional solvent s . The other con s o l i dant was an 
i s ocyanat e ,  manu factured commerc i a l l y  by Mobay Corporat ion unde r 
the name De smodur N - 3 3 9 0� ( DN- 3 3 9 0� ) .  This i s  produced as a 9 0 %  
s o lu t i on in a n  aroma t i c  hydrocarbon and n-butyl acetate mixed 
so l vent and must be di luted with appropriate s ol vent s before 
app l i cat i on t o  the adobe . Both the s i l ane and i s ocyanate 
polymeri z e  by react ing with moi sture present in the adobe and from 
the atmosphere . Some of the adobe s amples t reated with the above 
chemi cals were reconst ituted into plugs prior to treatment . This 
was accomp l i shed by mechan i c a l l y  d i s aggregat ing pieces o f  the 
original adobe , mixing the material with wat e r ,  and pouring the 
result ing s lurry int o sma l l  ( 2 2  mm x 40 mm) cyl indrical molds . 
The f i l led molds were p laced in an oven set at 5 0 0  C and al l owed 
to dry . The result ing plugs were removed from the molds and given 
t ime to equ i l ibrate with the ambient l aboratory condi t i ons ( 2 2 0  C ,  
4 0 % - 5 0 %  RH ) , then treat ed . 

Analytical Results 

Bulk and c l ay mineralogies determined by XRD ana lyses are l i sted 
in tables I and I I ,  re spect ively . As shown in t able I ,  most 
adobes are composed of quart z ,  feldspa r ,  clay,  and somet imes 
calcite . The c l ay minerals of the adobes are l i sted in t able I I ,  
i n  order o f  decreasing abundance . I l l i t e ,  kaolinite , smect ite , 
and mixed- layer i l l it e - smect ite are the most common c l ays 
dete cted . Howeve r ,  halloysite was ident i f ied as the only c l ay 
mineral present in the samples from El Salvador and was not 
detected in any other s ample . Both s amp l e s  from China cont ain 
minor chlorit e ,  whi ch i s  also absent from all the other adobe 
s amp l e s . Other unusual minera l s  include an amorphous , hydrated 
aluminos i l i cate mine ral , p o s s ibly a 1 1 0phane . The presence o f  
a l l ophane i s  inferred based o n  the appearance of a high background 
level in the 1 5 0  to 4 0 0  29 range , whi ch was only observed on the 
F S - 1  XRD pattern . A high background s ignal i s  charact e r i s t i c  o f  
amorphous materi a l s ,  in contrast t o  cryst a l l ine mat e r i a l s  whi ch 
generate dist inct peaks on an XRD pattern . Trace amounts o f  
halite were a l s o  detected in the c l ay- s i z e  fract i on o f  EG- 1 ,  and 
TD - 1 . Even though halite is a common evaporite mineral found in 
arid regions ,  it was surpris ing t o  find i t  in the c l ay- s i z e  
fract ion s ince i t  should have been d i s s ol ved out during the 
separat ion procedure . Calcite,  when ident i f ied in the bu l k  
ana l y se s ,  w a s  a l s o  found in the c l ay- s i z e  fract i on . 

Table I I I  l i s t s  the grain- s i ze dist ribut ion for the adobe 
s ampl e s . For most of the samp l e s ,  the ma j ority of the mat e r i a l  i s  
s i l t - s i zed,  f o l l owed b y  c l ay- s i zed,  then sand+ - s i zed part i cles . 
Adobe compo s i t i o n s ,  based on grain- s i z e ,  are p l otted on a s and
s i l t - c l ay ternary di agram in figure 1 .  The shaded area represent s 
the prefe rred range o f  s o i l  compos it i on for making adobe [ 5 ] . 
Most o f  the adobes examined do not have grain- s i z e  d i s t r ibut ions 
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(Adapted from [5]) 

Figure 1 
F i gure 1 .  Ternary diagram 
showing s and- s i lt - c l ay 
composit ions o f  adobe . The 
cro s s-hatched area i s  the 
prefe rred range of s o i l  
compo s it i on f o r  making adobe 
[ 5 ] . Numbers mark the . 
comp o s i t i on of the adobes 
examined for this study . 
l=CA- l ,  2 =CA- 2 , 3=CH- l ,  
4 =CH- 2 ,  5=EG- l ,  6=ES - l ,  
7=ES- 2 ,  8=FS - l ,  9=F S - 2 , 
l O =TD- l ,  1 1 =TD-2 . 

Table IV . 
EDTA Leaching Analyses 

ADOBE 

CA- l 
CA-2 
CH-l 
CH-2 
EG-l 
ES-l 
ES-2 
FS- l 
FS-2 
TD- l 
TD-2 

% Inso lub l e s  

not analyzed 
99 % 
75 % 
77 % 
97 % 
96 % 
97 % 

not analyzed 
not analyzed 

93 % 
73 % 

Table V .  
Combus t i on Analyses 

ADOBE 

CA- l 
CA-2 
CH-l 
CH-2 
EG-l 
ES-l 
ES-2 
FS- l 
FS-2 
TD- l 
TD-2 

�WT . % 

5.3 % 
2.8 % 
2.0 % 
3.8 % 
5.9 % 
6.4 % 
9.6 % 
1 .5 %  
1 .3 % 
6.4 % 
5.2 % 

Adobe 90 

which correspond to this range . 

F igure 2 shows SEM photomi crographs o f  two adobes ( TD- l and 
TD- 2 )  demonstrat ing the variabi l ity o f  c l ay cryst a l l inity . F i gure 
2a ( TD- 2 )  shows we l l - devel oped, crystall ine c l ay part i c l e s ,  
whereas in f i gure 2b ( TO - I ) the c l ay exhibits poor cry s t a l l inity 
and appears more c o l l o idal . The SEM photomicrographs in f igure 3 
demonstrate the range of c l ay part i c l e  s i z e . F igure 3a ( TD- 2 )  
shows a predominance o f  c l ay part i c l e s  greater than a few �m in 
s i z e . However ,  in f i gure 3b ( F S- l ) , most o f  the distingui shable 

F i gure 2 .  Environment al SEM secondary elect ron micrographs o f  c l ay 
part i cles from two dif ferent adobe s . a )  Photograph on l e ft i s  
sample o f  T e l  Dan l i ght adobe ( TD- 2 )  which exhibits f a i r l y  coarse
grained c l ay part i cl e s  with wel l-devel oped, cryst a l l ine shapes .  
b )  Photograph on right i s  s ample o f  Tel Dan dark adobe ( TO- I )  in 
which the c l ay is poorly cryst a l l ine and more co l l o idal in 
appearance . The white scale bar in both phot o s  i s  2 �m .  

F igure 3 .  Envi ronment al SEM secondary e lectron micrographs showing 
the d i f ference in c l ay grain s i z e  for two adobe s .  a )  Photograph 
on l e ft is of Tel Dan l i ght adobe ( TD-2 ) with most of the clay 
part icles being several � in s i ze or greater . b )  Photograph on 
r i ght i s  o f  Ft . S el den adobe ( F S- l )  where most o f  the c l ay 
part i c l e s  are sub-� in s i z e . Magn i f i cat i on in both photos i s  
x2 0 0 0  and scale bar i s  5�m i n  f i gure 3 a  and l O�m i n  f igure 3b . 
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F igure 4 .  Energy dispers i ve 
X- ray spect ra of c l ay 
part i c l e s  shown in figure 2 .  
a )  Tel Dan-2 . Note the l ow 
S i /Al rat i o  and the presence 
o f  Mg , Fe , Ca, K ,  and Ti . 
b) Tel Dan- I . Note the 
higher S i /Al rat i o  and 
unusual Mn concent rat ions in 
addit i on to Fe , K, C a ,  T i ,  
and Mg . The Mn may b e  due 
t o  the presence of c o l l o idal 
Mn oxides a s s ociated with 
the clays . 
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Q) 
0.. E EG-1 
«l 
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Figure 5 

F i gure 5 .  Bar-graph showing 
length of t ime adobe s amples 
remained submerged in wat er 
before dis aggregat ing . 
Samp l e s  E S - l ,  E S - 2  and CA- 2 
rema ined int act after 2 4  
hours o f  submergence . 

Clay Chemistry and Microstructure 

c l ay part i c l e s  are sub-�m in s i z e . F igures 4 a  and 4b i l lustrate 
the cont rast ing energy-dispers ive X-ray spect ra for the clays in 
figure 2 .  

The resu l t s  o f  the EDTA leaching experiment s are presented in 
t able I V  whi ch l i st s  the pe rcent o f  inso luble mat e r i a l  remaining 
after le aching . The l eached mat e r i a l  should include a l l  
carbonate s  and s a l t s  ( su l fat e s  and/or chloride s )  but n o t  s i l i cates 
or oxide s . Table IV shows that adobes cont ain varying amoun t s  of 
s o luble mat e r i a l s  ranging from only a few percent up t o  27% by 
we i ght . 

Combu s t i on of the s amples resulted in varying amount s o f  
we ight l o s s , from 9 . 6% t o  a s  l i t t l e  a s  1 . 3 % ( t able V ) . T h i s  i s  
apparent l y  due t o  differing amount s o f  incorporated wate r  and/ or 
organic matter .  I n i t i a l  heat ing ( up t o  1 0 5 0  C )  indicates that 
some we i ght l o s s  ( 0 . 2 % t o  2 % )  is due t o  water or other volat i l e s  
such as C02 , within t h e  inorgan i c  fract i on .  The rest o f  the 
we i ght l o s s  on combus t i on i s  interpreted to be from o rgani c  
matter . 

Re s i st ance to d i s aggregat ion of dif ferent adobes in water i s  
variable . S ome t ypes prove t o  b e  resi st ant whi le others 
dis aggregate immediat e l y  upon contact with wat e r . Re sults o f  the 
dis aggregat ion experiment are presented in figure 5 .  The most 
r e s i s t ant adobes appear to be the 1 3 65 year old mat e r i a l  from El 
S a l vado r ( E S - l ,  E S - 2 )  and the recent adobe from Los Ange l e s  ( CA-
2 ) . Al l three of these adobes were in water for more than 2 4  
hours without dis aggregat ing, even when mildly agit at e d .  Although 
the adobes from Egypt and China survived l e s s  than one hour they 
did requ i re some agit ation before they di s aggregated . However ,  
the adobes f rpm New Mex i co ( F S - l ,  F S - 2 )  and I srael ( T D- l ,  TD- 2 )  
experienced comp l et e  dis aggregat ion i n  l e s s  than one minute with 
no agitat i on . 

S amples of original adobe and plugs made by rewo rking the 
adobe from New Mexico ( F S - l ,  F S - 2 )  and I s rael ( TD- l ,  TD- 2 )  were 
t re ated with DN- 3 3 9 0� or S S - H� in an attempt to con s o l i date and 
render them r e s i s t ant to deteriorat ion in water . The 
reconstituted s amp l e s  of F S - l ,  F S - 2  and TD- 2  were e ffect ive l y  
con s o l i dated and rendered resi st ant t o  disaggregat ion by wat e r . 
However ,  t re atment of original pieces o f  those adobes was not a s  
succe s s fu l . Although the original pieces were rendered wate r  
resi st ant , they were n o t  cons o l i dated in t h e  s ame manner a s  the 
recon stituted mate r i a l . S ample TD-l could not be succe s s fu l l y  
t reated whether it w a s  in i t s  original form or recon s t ituted . As 
soon as t h i s  mat e r i a l  came in contact with the consol idant - s o lvent 
s o l ut i o n ,  it immediately dis aggregat ed . This response is due t o  
t h e  polar organ ic ketone so lvents u s e d  with t h e  consol idant s . 
This t ype o f  react ion has not been observed for any other adobe or 
s and- c l ay mixture , and the reason for this behavior is not , as 
yet , clear t o  us . 

Discussion 

The predominance o f  quart z and feldspar in adobe i s  expected s i nce 
they are the most common mineral s on the earth ' s surface , in 
addit i on to being very r e s i s t ant to mechan ical and chemical 
bre akdown . The presence o f  c l ay i s  nece s s ary s i nce it i s  the 
binding mat e r i a l  in adobe which holds the much l arger quart z and 
feldspar grains t ogether . The most common c l ays detected ( i l l it e ,  
kao l i n i t e ,  smect ite , and mi xed- layer i l l ite- smect i t e )  are the by
products of the chemical breakdown of s i l i cat e s  and other l e s s  
stable minerals which are no l onger present . Hal l oy s i t e  forms by 
weathering,  or hydrothermal alterat i on of feldspars , 
feldspathoids , or other s i l icates [ 6 ] , and i t s  occurrence in the 
adobes E S - l and E S - 2  was a surprise . Howeve r ,  in a subt rop i c a l  
a r e a  such as E I  S a l vado r ,  t h e  weathering a n d  chemical breakdown o f  
feldspars i s  n o t  as unexpected as it would be in a n  a r i d  regi on . 
The occurrence o f  chl orite in the China samp l e s  indicate a source 
that is very different from the source of the other adobe s ,  s ince 
no chl orite was det e cted in any other s amp l e . Although the 
presence o f  a l l ophane in F S - l  wa s unexpected, its occurrence i s  
not unreasonable . Al lophane i s  formed b y  the chemi cal breakdown 
of very f ine-grained or glassy vol cani c  material which is common 
in that area of southern New Mexico . What is intriguing is that 
no indicat i on of the presence of a l l ophane has been found in the 
re cent adobe manu factured at the s ame l ocat i on . The occurrence of 
calcite is not surpris ing s ince it is a common mineral found in 
arid or semi-arid envi ronment s .  Calcite a l s o  act s a s  a cement , 
occurring natura l l y  or by the addit i on o f  l ime which, when mixed 
with adobe and wat e r ,  i s  converted over t ime into cal cium 
carbonate ( i . e . , calcite)  by react ing with atmosphe r i c  C02 . I n  
addi t i on ,  t h o s e  samp l e s  ( e . g . , CH- l ,  CH- 2 , and TD- 2 )  cont aining 



s i gn i f i cant amounts of material s oluble in EDTA a l s o  cont ain a 
s igni f i cant amount o f  calcite . Thi s indicates that much o f  the 
EDTA- s o luble material may be attributed to calcite instead o f  
salts or sulfat e s . 

The SEM micrographs help relate bulk measurement s such a s  
grain s i z e  t o  the degree o f  cryst a l l inity and morpho l ogy o f  the 
adobe mat rix . Each adobe has a di f fe rent appearance in the SEM 
that is related to the c l ay type , s i z e ,  and degree of weathe ring . 
Samp l e s  that t ended to disaggregate readi l y  had a more open 
texture , or l e s s  coherent mat rix than s amples that performed we l l  
in those test s . The EDS spectra show that the adobe compo s i t i ons 
are f a i r l y  s im i l ar , with S i ,  AI , K ,  C a ,  and Mg ( rarely Ti,  Na,  or 
Mn) a s  the e l ement s present . One s ample ( TD- 1 )  cont ained 
s igni f icant Mn concent rat ions , suggest ing that c o l l o i dal Mn oxides 
mi ght be assoc i ated with the clays in that s ample . 

The amount o f  combustible material varied from s amp l e  t o  
s ample . Sample E S - 2  exhibited the greatest we ight l o s s  with 9 . 6 % ,  
whi le the least we ight l o s s  occurred in the case o f  F S - 2  with 
1 . 3 % .  Although a number o f  the adobes contained vi s ible organi c  
matter such as straw, grass or wood, they d i d  not demonst rate the 
greatest weight l o s s . For example s ampl e  TD- 1 ,  which did not 
cont ain observable organi c  materi a l ,  lost more weight ( 6 . 4 % )  than 
did some s amples conta ining vi s ible organic matter ( CH- 1 ,  CH- 2 , 
and TD- 2 ) . Samp l e  TD-1 a l s o  exhibi t s  more swe l l ing upon mixing 
with water than any other adobe examined . Thi s  may be attr ibuted 
to the pre sence of amorphous or c o l l o idal material whi ch abs o rbs 
and releases large amount s of water during hydrat i on and 
dehydrat ion . At the other end of the spect rum two o f  the adobes 
( F S - 1  and F S- 2 )  cont ain minimal amounts of combustible material 
( 1 . 5% and 1 . 3 % ,  re spect ive l y ) . Thi s indicates that the amount o f  

we i ght l o s s  by combust ion i s  controlled more by the presence o f  
inorgan i c ,  hydrophi l i c  component s ,  such a s  absorpt ive clays or 
c o l l o i ds , than by vi sible organi c  matter . 

The var i abi l ity in the rate of d i s aggregat ion in wat er may be 
due to several reasons . Adobe samples E S - 1  and E S - 2  were buried 
in 6 2 5  A . D .  by a volcanic erupt i on [ 7 ] . It i s  very p o s s ible these 
adobes were hardened by baking s ince the temperature of the ash 
fall which buried them has been est imated to have reached 1 0 0 0 0  F 
( - 5 4 0 0  C )  [ 7 ] . Thi s baking i s  a l s o  demonstrated by the presence o f  

carbon i zed organi c  material which i s  very apparent in the s ampl e s . 
The heat would render the adobe much more resi st ant to 
d i saggregat ion than unbaked adobe . Adobe samp l e  CA- 2 , whi ch was 
a l s o  very resi st ant to disaggregat i o n ,  had a water- repe l l ing 
addit ive mixed in when the adobe was manufactured .  Thi s  was 
con f i rmed during attempts to dis aggregate and ana l y z e  the s amp l e . 
Thi s i s  not surpri s ing s ince addit i ve s  have been used in the 
manufacturing of adobe s ince the 1 9 3 0 ' s [ 8 ] . Samp l e s  EG- 1 ,  CH- 1 
and CH-2 , whi l e  l e s s  re s i stant than the above adobe s ,  survived 
not i ceably l onger than the New Mex i co and I s rael adobe s .  Thi s  may 
be a result of the presence o f  organi c  material which acted as a 
b inde r ,  coupled with nonabsorbent c l ays and/ or calcite . 

The d i f ference in performance o f  the chemical con s o l i dant s on 
reconst ituted and original pieces of adobe appears t o  be a 
funct ion o f  the phy s i cal condit i on o f  the s amp l e s . Re const ituted 
adobe is very compact with the sand, s i l t ,  and c l ay part i cl e s  in 
c l o s e  contact . Howeve r ,  the s amp l e ,  as c o l l ected, is o ften l e s s  
compact , w i t h  more pore space separating the grains . When 
chemi cal con s o l i dant s are applied to recon st ituted adobe the 
const ituent part i c l e s  are very closely packed and the chemi cal i s  
able t o  chemically con s o l i date the adobe b y  reinforcing the 
exi sting cl ay- s i lt - s and bonds . When weathered adobe i s  t reated 
the part i cl e s  are not as close togethe r ,  the refore the con s o l idant 
does not perform as e f fe ct ively as on reconst ituted mate r i a l . The 
re act i on of s amp le TD- 1  is pu z z l ing and at this t ime we can only 
specul ate on the cause . It i s  p o s s ible that TD- 1  cont ains 
amorphous or c o l l o idal material which rapidly absorbs the polar 
s o lvent s used with the s i l ane and i s ocyanate and causes expan s i on . 

Summary 

The composit ion o f  most historic adobes i s ,  as expe cted, compri sed 
mai n l y  of quart z ,  fe ldspars and c l ays , and somet ime s calcit e . The 
most not i ceable di f ferences between the various adobes are the 
type and amount o f  cl ays present , the g�ai n - s i z e  distribut i on and 
mineralogical proport ions . The presence or lack o f  organic 
material i s  dependent upon the local adobe bui lding customs . The 
durab i l ity of the adobe i s  a funct i on of the c l ay type , grain - s i z e  
dist ribut i on ,  and presence o f  addit i onal binding mate r i a l . Thos e  
adobes whi ch proved to b e  most resi st ant to d i s aggregat i on had 
been heat- or chemi cal l y-treated . The weakly resi stant adobes 
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contained e i ther c l ays whi ch are not e speci a l l y  absorbent ( e . g .  
kaol inite or i l l i te ) , calcite which act s a s  a cement ing agent , or 
suffic ient organ ic matter to inhibit rapid breakdown upon exposure 
t o  water . Thos e  adobes whi ch d i s aggregated quickly in water 
cont ained more c l ay than the resi st ant adobe s ,  or the s ame amount 
of c l ay and a higher s and content , and/or l e s s  organ i c  mate r i a l . 
Thus , as i s  we l l  known , e ither too much c l ay or too much s and w i l l  
result in an adobe which w i l l  not b e  res i st ant to rapid 
deteri orat ion by water . 

The abi l ity or inab i l ity o f  adobes to be chemical ly 
con s o l idated appears t o  be cont r o l l ed by the c l ay mineralogy,  
and/ or the phys ical state of the adobe . Adobe cont aining a c l ay 
component which i s  incompat ible with the s o l vent-consolidant 
so lut ion be ing used w i l l  prove difficult to t reat . Likewise very 
dry , friab l e ,  and weathered adobe is more d i f f i cult to con s o l i date 
than fresh, compact adobe . Thi s l atter problem may be count ered 
by pre-treating the adobe with an acetone-water s ol ut i on to re
hydrate the c l ay s ,  as shown by prel iminary t e st s . Thi s  may a l s o  
re -compact the adobe sufficient ly to permit consol i dat i on . The 
former problem is s t i l l  unsol ved, and pre sent work i s  att empt ing 
to f ind a technique to overcome the s o l vent incompat ibi l i t y . 
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ABSTRACT 

Prel i m i nary mate r i a l s  analy
s i s  of the wal l mat r i c e s  of 
the two dozen extant earthen 
bu i l d i ngs constructed in New 
York S tate during the n i ne
teenth century expose 
several i nt r i g u i ng facto r s  
regarding o r i g inal de s i gn ,  
ove r a l l  durab i l i t y , and 
h i sto r i c  int e rpretat ion o f  
these uncommon s t ructure s .  
Samp l e s  taken f rom the 
h i s t o r i c  earthen wal l s  o f  
the puddl ed - c l ay and c l ay
lump homes were analyzed to 
dete rmine t he i r  bas i c  
behav io ral propert i e s . 
Standard g ranulome t r i c  
anal ys i s , s a l t  t e s t s , t e s t s  
determin ing l i qu id and 
plast i c  l i m i t s , p l as t i c i ty 
ind i ce s , x- ray d i f frac t ion 
ana l y s e s  of c l ay and s i l t  
component s were conduc'ted , 
as we l l  as earthen mortar 
and stucco anal ys i s .  

KEYWORDS 

New York State , n i neteenth 
century , c l ay- lump , 
puddled-clay , x- ray 
d i f f rac t ion . 

Adobe 90 

N INETEENTH CENTURY NEW YORK STATE EARTHEN HOME S : 
AN I NVEST I GATION OF THE I R  MATERIAL COMPOS I T I ON 

Lee Das s l e r  
2 3 8  W e s t  1 0 6 t h  St . ,  apt . 4 D  
N e w  York , N . Y . , 1 0 0 2 5  
U . S . A .  

Introduc t ion 

I w i l l  arise and go now , and go to I nn i s free , 
And a sma l l  cabin bu i ld there , o f  c l ay and watt l e s  made : 
N i ne bean - rows w i l l  I have there , a hive for the honey- bee , 
And l ive al one in the bee - l oud g l ade . 

W i l l i am But l e r  Yeat s 

At l east s i nce t he Roman Emp i re , earthen bu i ld i ng mater i a l s  have 
been empl oyed by masons in Europe and on the Br i t i sh I s l e s  
in attempt s to c reate heal thy , e f f i c i ent , and i nexpensive l iv ing 
env i ronment s .  From t he cente r o f  Lyon to the " be e - l oud g l ade s "  o f  
Yeat s ' I nn i s free , theor i e s , rec ipe s , and techno l o g i e s  were 
trans ferred f rom mason to mason unt i l  the l ate 1 8 th century when 
a rc h i te c t s  and o t he r  prog r e s s ive th inke rs began publ i sh i ng the i r  
the o r i e s  and bu i ld i ng des igns re l at ing to earthen construc t i o n . 
1 9 th century earthen homes in t he eastern United States mani fest 
the t ranspo rt o f  the se techno l o g i e s  across the Atlant i c : new 
world t rans l a t i ons of an old wo rld l e x i con . In New York State , at 
least forty earthen bu i l d ings were constructed in the 1 9 th 
century as evidence o f  some f o rm o f  t rans - At l ant i c  commun i c at i o n .  

The purpo se o f  t h i s  proj e c t  w a s  threefo l d : to beg in an 
anal yt i cal survey of the construc t i o n  methods and mate r i a l s  o f  
t he extant New York State earthen home s , to document t h e  pre sent 
cond i t ion of the s t ructure s , and to out l ine preservat ion 
guide l ine s  f o r  future conse rvat ion e f fo r t s . I n  l i ght o f  the 
tho rough h i s t o r i c  i nve s t i gation of these bu i ld ings pre sented by 
P i epe r at t h i s  conference , h i s to r i c  documentat i on was cons idered 
secondary to mat e r i a l s  analys i s  in this s tudy . 

The p r i mary que s t ions addressed were : are any pat t e rns 
d i scernible regarding c l ay/aggregate / f i be r  proport i ons , b inders 
such as l ime o r  dung , o r  b r i c k  s i ze ; and does the ev idence 
conform to spec i f icat ions whi c h  appear in period publ i c at i ons 
regard ing earthen construc t i o n ?  Do construc t i o n  patte rns confo rm 
to geog raphic o r  g e o l o g i c  d i s t r ibution? Do t rends f a l l  into 
c h rono l o g ical o r  typo l o g i c al per i o d s ?  Can f i nd ings del i neate 
spec i f i c  masons ? I n  add i t ion , c an the mat e r i a l s  ana l ys i s  def ine 
the parameters o f  furthe r t e s t i ng prog rams needed to a i d  owners 
in the conservat ion of the i r  home s ?  

Test ing Program 

Wal l and exte r i o r  coating samp l e s  f rom the two dozen extant homes 
were taken during s i te v i s i t s  throughout 1 98 9 - 1 9 9 0 . Sampl e  
quan t i t y  and location varied considerably , depend ing upon 
bu i l d i ng de s i gn , cond i t i o n ,  and the owner ' s  ease of mind ; sample 
quant i t y  ranged f rom ful l brick to f i lm-can i s t e r  s i ze . As opt imum 
test r e su l t s  a r i s e  f rom numerous random sample s ,  an at tempt was 
made to spread out inqu i r i e s . In general , the earthen wal l s  were 
acce s s i b l e  at the gabl e- ends o f  at t i c s , behind bu i l t - in cabine t s , 
in basements between s i l l  and f l o o r  j o i s t s , and behind exte r i o r  
c l apboard . 

Once the sampl e s  were coded , photographed and l o gged 
r e l a t i ve to o r i g i n  ( s ee table I ) ,  i n i t i a l  c l a s s i f i c a t i ons were 
made acc o rd i ng to the Munsell S o i l  Chart and ASTM D 2 4 8 8 - 8 4 , 
" De s c r iption and I dent i f i c a t i on o f  S o i l s-Vi sual /Manual 
Procedure " .  Chemi cal spot t e s t s  were run det e rmining s a l t  
content , pH level s ,  and t h e  presence o f  urea . Combu s t ion t e s t s  
perfo rmed on par t i al samp l e s  determined r e l at ive quant i t i e s  o f  
o r g a n i c  component s .  Polari zed l i ght m i c roscopy was u s e d  to 
de termine spec i f i c  f i b e r  content o f  stuccoes and wal l  mat r i ce s , 
and c r o s s  sect i ons o f  al l samp l e s  were observed m i c ro scopical l y  
as we l l  as mac roscop i c al l y .  Qual i ta t i ve sed imentat ion anal y s i s  
( Ashur st ) and par t i a l  quant i tative g ranulome t r i c  t e s t s  
( Teuton i c o ) fo l l owed d e f i n i ng part i c l e - * i z e d i st r i but ion . Further 
quant i tat ive tests were run on a sub-g roup of ten s ampl e s , 
including a full granu lome t r i c  anal y s i s  and t he de r ivat ion o f  
plast i c i t y  ind i c e s  ( Teutonico ) .  In order to ascertain any 
po s s i b l e  l ink between s t ructural behav i o r  and c l ay type , x- ray 
d i f frac t i o n  ana l ys i s  of s i l t  and c l ay par t i c l e s  was performed on 
ten s amp l e s  selected for the i r  geograph i c  d i s t r i but ion . 
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Where po s s i b l e , s amples of bearing wall mortars were 
anal yzed , as well as ext e r i o r  stuccoes . Wh i l e  it is known f rom 
the l i te rature and from mater ial e v i dence that l ime /hair/ sand 
stuccos were the s tandard ext e r i o r  f in i sh o r i g i nal l y , 7 5 %  of the 
home s have had the i r  sur face treatment rede f i ned by e ither 
" Sacre te " ,  wood c l apboard , b r i c k  vene e r , pres sed s h i ng l e , o r  some 
type o f  ext e r i o r  s id i ng . What t r i gg ered the s h i f t  f rom s tucco t o  
t he other s i d i ng opt ions? Were there problems w i t h  i ncompat ible 
mat er i al s ,  arc h itec tural de s i gn f l aws , o r  were maintenance 
rou t i ne s  and s k i l l s  t he cul p r i t ?  

Coupled w i t h  h i s t o r i c  and patho log ical evidence , i t  was 
hoped t hat the se t e s t s  would provide some answe r s , o r  at least 
momentum to otherw i s e  stubborn que s t i on s  re gard i ng bu i ld i ng 
technology and chronol ogy , as yet unanswe red . Cons i de r i ng the 
pub l i cations ava i l ab l e  at the t ime i n  t he Northeast regarding 
de s i g n ,  manu facture , and assemb l y  o f  unburnt brick and earthen 
bu i ld i ng s , how does the phy s i c al evidence o f  t he mason ' s  labor 
compare ? 

x 

+ 

F i gure 1 :  Locat ion o f  Earthen Home s in New York State 

Summary of Test Re sul ts 

Cont rary to spec i f i c  procedures detailed i n  period publ ications 
known to be respon s i bl e  for t he f i fty-year bu i l d i ng movement , New 
York S t ate earthen home bu i l ders added inorganic b i nders to t he i r  
unburnt b r i c k  mat r i x , and seemingly varied the d imens i ons o f  
b r i c k  mo lds from s i te t o  s i te . W h i l e  knowledge o f  local c l ay type 
or behav i o r was not deemed important to earthen home bu i lders i n  
the n i neteenth c entury , x - ray d i f f rac t i o n  resul t s  o f  c l ay 
component s o f  the extant earthen homes ver i f i e s  that the c l ays 
employed were relat ive l y  i nac t ive , and common to a l l  the home s 
despite the i r  d i spersed geographi c  locat ions . 

7 5% o f  the New York S tate earthen home s have had t he i r  
o r i g i nal ext e r i o r  l ime stuccoes rede f i ned b y  cement i c ious 
stuccoe s ,  c l apboard , o r  s i d i ng , i n  e i the r t he n i neteenth or 
twent ieth century . To date i t  has been t hought that these 
alterat i ons were re spond ing to material failure s . Re sul t s  from 
t h i s  test ing prog ram o f fers evidence to the contrary : c l ays i n  

. the wal l mat r i c e s  are i nherent l y  inact ive , and o r i g i nal l i me 
stuccoes s t i l l  adhere to the earthen wal l s , even to tho se wal l s  
wh ich have been camou f l aged . Poo r  i n i t i al de s i gn or construc t i on 
which may have t r i g g e red stucco f a i lure was ruled out as wel l .  
The refore , conc l u s ions d rawn from t h i s  study p o i nt towards l ax 
ma i nt enance rou t i ne s  as the cau s e  o f  repl acement s i d i ng s . 
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date 
1 8 3 3  
1 8 3 5  
1 8 3 6  
1 8 4 4 *  
1 8 4 4  
1 8 4 5  
1 8 4 5 + +  
1 8 4 5 + +  
1 8 4 6  
1 8 4 7  
1 8 4 7 * 
1 8 4 8  
1 84 9 + +  
1 8 4 9  
1 8 5 0* 
1 8 5 0 + +  
1 8 5 1  
1 8 5 3  
1 8 5 5 *  
1 8 5 5 *  
1 8 5 5 *  
1 8 5 5 *  
1 8 55* 

Location 
Pen f i e l d  

Pen f i e l d  
S . Dansv i l l e  

Geneva 
Bath 
Bath 

Geneva 
Geneva 
Geneva 
Geneva 
Interlaken 
Trumansburg 
Geneva 
Phe l ps 
Geneva 
Geneva 
Oswego 

Code Clay Lump Size Orig./Current Siding 
PN2 monol i t h i c -puddled Li�e wash/mud - l ime s l u rry 

PNI mono l i t h i c-puddled L i me stucco/clapboard 
SDI 6 " 1  x 1 1 " w  x 6 " h L i me stucco / ' sacrete ' 
Gl 1 1 " 1 ( ? )  x 5t"w x 5"h Lim� stucco/press shingle 
B2 I l t " l  x 5 t " w  x S t " h  Lime stucco/ l i me stucco 
Bl unknown Li.e stucco/cement . stucco 
G9 1 5 " 1  x 6"w x S I " h  Lime stucco/ ' secrete ' 
G I l  I l t " l  x 1 0 t w  x S t " h  Lime stucco/ l ime stucco 
G t O  1 5 " 1 x 1 2 " w x 5 " h  Lime stucco/l ime-concrete 

G2 1 4 " 1  x 1 0 " w  x 6"h L i me stucco/c lapboard / s i d i n g  
1 1  1 4 " 1  x ( 6 1 1 1 4  l "w x 5 " h  L i me stucco/ c l apboard 
Tl unknown L i me stucco / l i me stucco 
G3 unknown L ime stucco/ c l apboard 
PH I 1 0 " 1  x 1 0 "w x 5 " h  Cl apboard ( ? l /cl apboard 

G7 1 0 " 1  x 1 0 "w x 5 " h  L i me /stucco/cl apboard / s i d ing 
G4 1 6 " 1  x 1 0 "w x 6"h Lime stucco/l ime stucco 
01 1 0 " 1  x 5 "w x 6 " h  Lime stucco/ b r i c k  veneer 

Spr i n g f i e l d  
Geneva 
Geneva 

Ctr . SC l  1 2 " 1  x 1 2 "w x S " h  L i . e  stucco/clapboard 

Geneva 
W. Bloomf i e l d  
W .  Bloom f i e l d  

G6 1 0 " 1  x 1 0 " w x 5"h L i me wash o r  stucco/clapboard 
G8 1 S " 1  x 1 2 "w x S"h L i me stucco/clapboard / s i d i n g  
G 1 2  1 4 " 1  x ( ? " ) w x S " h  Liae Stucco/cl apboard / s i d i ng 
WBI unknown Lime stucco/ c l apboard/s iding 
WB2 unknown L i me stucco/ c l apboard / s i d ing 

* Denotes that the house was bu i l t  by or before t h i s  yea r .  
+ +  I t  i s  thou�ht that t h e s e  homes were all bu i l t  b y  t h e  same contrac tor . 

Table I :  Chrono l o g i cal L i s t i ng o f  New York S tate Earthen Home s 

Carbonate and Salt Tests 

Al though t reading by oxen o r  catt l e  was the suggested mode o f  
wal l  mat e r ial preparat ion , none o f  the period treat i se s  pub l i shed 
i n  the Un i ted States c oncerning e arthen construct i o n  adv i sed the 
add i t i o n  of animal dung b i nders ; nor were carbonate b i nders 
ment i o ned . Howeve r ,  a l l  twenty- four earthen samples included 
chemical as we l l  as mechan i c al b i nders . 

A l l  sampl e s  t e sted negative for chlor i d�s and sul fates and 
po s i t ive for phosphate s  and n i trate s . Those samples whi c h  t e sted 
negat ive for carbonate b i nders were also tho se whi c h  te sted 
strongest for phosphates and n i trate s , indicat i ng the u s e  o f  
an imal dung a s  b inde r . L i me add i t ives were e i the r v i s i b l e  w i t h  
t h e  naked e y e  i n  smal l lumps , o r  microscopically apparent a s  t h i n  
washes i n  those s amp � e s  wh i c h  t e s t e d  po s i t ive for carbonate s . l 

Whi l e  the add i t i o n  o f  l ime mo s t  l i ke l y  reflects an adaptat ion o f  
standard masonry pract i c e s , the presence o f  organic b i nders 
( g iven t he lack of pub l i shed informat i o n  on the subj e c t ) sugg e s t s  
a ve rnacular common sense approach towards e arthen mat e r i a l s .  
( Se e  table I I ) .  

New York S tate Earthen Bui lding s :  

Combu s t i on Test Re s u l t s /  Fibers pre sent/ N i t rates-Phosphat e s  

Combus t i on Non- d i g e s ted Digested N i t rates /  
Sample " We i ght Los s  F i bers F i bers Phosphat e s  

B l A l  5 . 1  who l e  s t raw + ++ 
B2Al 5 . 7  s traw/ wood + ++ 
G l A l  7 . 1 4 whol e  s t raw + ++ 
G2Al 3 . 2 5 whol e  s t raw - -+ 
G3Al 4 . 7  confe r .  wood - + 
G4Al 5 . 1 4 whol e  s traw + ++ 
G5Al 4 . S  st raw + ++ 
G6Al 4 . S  who le s traw - ++ 
G7A l  3 who l e  s t raw + ++ 
GSAI 5 . 3  whol e  s t raw + -+ 
G9Al 5 . 4  straw/wood - -+ 
G9A2 2 . 4 st raw + ++ 
G9A3 2 . 4  s t raw/wood - ++ 
G l OA2 4 . 6  s t raw/wood - + 
G l l A4 5 . 3  st raw/wood + + 
G 1 2Al 5 . S  wheat s t raw + + 
I lA l  4 . 3  wheat straw + ++ 
O l A l  4 . 1  wheat s t raw + + 
PH I A l  5 . 0  wood /gras ses + + 
PNl A l  3 1 . 0  who l e  straw + +++ 
PN2Al 3 3 . 5  whol e  s traw + +++ 
SC l A l  whol e  s traw + ++ 
SDlAl 4 . 9  s t raw/wood + ++ 
T lA l  5 . 9  grasse s /wood + ++ 
WB l A l  5 . 3  who l e  s t raw + +++ 
WB2Al 5 . 6  whol e  straw + +++ 

Table I I : Organi c ,  Carbonate and Phys i c al B i nders i n  Earth Wal l s  
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Combu s t i o n  Tests 

5 g  ( untreated and g round w i t h  mortar and pe s t l e )  o f  each sample 
were placed in a c ruc i b l e  and heated for 1 5  minutes over a hot 
f l ame : the resultant w e i ght l o s s e s , i nd i c at i ve of the p re sence o f  
organic mat ter such as dung , were then compared . A l l  s amp l e s  l o s t  
approx i mate l y  5% o f  the i r  o r i g i nal we i ght v i a  combu s t i o n  
( repre sent ing a var i e t y  of organ i c  component s :  straw , hai r ,  wood 
bi t s ,  and minor amount s of dung ) ,  except for the two mono l i th i c 
wal led homes i n  Penf i e l d  ( PN 1  and PN 2 ) wh i c h  l o s t  3 1 %  and 3 3 . 5% 
relat i ve l y , i nd i c at ive o f  a far greater inclus ion o f  o rganic 
component s in the i r  earthen wal l s . 

Fiber Examinat ion 

Sma l l  grasse s , wheat s t raw , mechan i c a l l y  chopped s o f t  and hard 
woods , human and animal ha i r  were the f i bers found v i a  unai ded 
and m i c ro scopic v i sual technique s . L o g i c al l y ,  the s ame samp l e s  
w h i c h  t e s t e d  negat ive for carbonate bi nde r s  were a l s o  t h o s e  whi ch 
included d i g e s ted st raw and grass f i bers along w i t h  who l e  stalks , 
whe reas d i g e s ted f i bers we re not apparent i n  the b r i c k s  which 
contained l i me . 

The four who l e  and hal f  b r i c k  s amp l e s  donated to the s tudy 
il l u s t rate the mason ' s  unders tand ing of the import ance o f  f i bers 
in reduc ing unwanted shr inkage : in the larger s amp l e s  who le 
p i ec e s  of s t raw intertwine to form a compl ete o rgan i c  armature 
for the c l ay/ s i l t /s and body to rest upon ( s ee f i g .  2 ) .  The two 
c l ay daubin homes l o c ated in Penf i e l d  include l aye rs of who l e  
st raw i n  ne arly equal vo lume t r i c  propo rt ions to t h e  layers o f  
so i l . 

F i gure 2 :  S C 1 A 1  Par t i a l  B r i c k  Expo s i ng Straw B inder 

Granu l ome t r i c  Compo s i t i o n  of New Yo rk State Earthen Mat r i c e s  

S ampl e %Gravel "Coarse Sand "F i ne Sand "S i l t /C l ay 
B 1 A 1  0 1 . 1  3 . 2  9 5 . 7  
B 2 A 1  0 . 3 5 2 . 1 1 9 7 . 5 4 
G 1 A 1  0 4 . 0 2  1 9 . 3 2 7 6 . 6 6 
G2A2 0 1 . 1 2 1 5 . 6 3 84 . 2 ' 
G3Al 0 2 4 . 9 3 4 7 . 94 9 . 6 7 
G4A 1  0 1 9 . 9  5 9 . 4 0 1 8 . 2  
G5A1 0 . 7 5 3 1 . 2 3  6 8 . 3  
G6A1 0 1 3 . 7  6 7 . 4  2 4 . 3  
G 7A1 0 . 3 4 3 . 8  9 3 . 2 4 
G8A1 2 3 7 . 2 6 5 1 . 4  1 7 . 9  
G9A1 3 3 . 4  4 2 . 6  4 8 . 9  
G 1 0A 1  0 7 . 7 3 6 7 . 2 0 2 4 . 1  
G 1 1 A 1  0 1 1 . 8  7 3 . 3  1 3 . 6  
G 1 2A 1  0 6 . 9  7 5 . 6  2 . 1  
PH I A l  3 1 2 . 5  3 9 . 1  4 6 . 3  
PN1A1 0 1 2 . 2 1 1 6 . 7  7 9 . 0  
PN2A1 0 6 . 0  2 4 . 8  6 5 . 3  
S C 1 A 1  0 2 5 . 5 . 0  7 0 . 0  
S D 1 A 1  4 1 2 . 5  2 0 . 9  5 7 . 5  
T 1A 1  0 7 . 3  3 8 . 4  5 3 . 0 6 
WB1A1 0 2 . 3  3 1 . 4  6 1 . 5  
WB2A1 0 . 3 4 1 3 . 0  8 3 . 1  

Table I I I : Granul ome t r i c  Compo s i t i on o f  Earthen Wal l s  
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Granu l ome try 

A sch i sm i s  apparent between the g ranul ome t r i c  mix o f  the earthen 
mat r i c e s  o f  homes b u i l t  in Geneva dur i ng the mud wal l  bu i l d i ng 
movement phase , and the o ther earthen homes i n  the study . Except 
for G5 ( 1 8 8 1 ) and G 1 2 ,  ( bu i l t  before 1 8 5 5  as a s impl e  cottage ) 
which exh i b i t  s l ightly coarser mixe s ,  the Geneva home s are 
compo sed primar i l y  of l ean c l ays : 8 0 +% pas s i ng the #200 s i eve 
( 7 5 � ) . The home s out s i de of Geneva , both c l ay lump and daub i n , 
cont a i ned a more d iverse g ranulome t r i c  mat r i x . ( Se e  table I I I . )  

L iqu i d  L i m i t .  P l a s t i c  L i m i t .  and Plast i c i ty I nd i c e s  

Plast i c i ty i nd i c e s  o f" t h e  ten samp l e s  te sted ranged between 1 1 . 9  
and 2 . 6 ,  c l a s s i fying mo s t  o f  the f i nes a s  e i the r  l ean c l ays or 
s i l t s  ( ASTM D 2 4 8 7 ) .  Interlaken and Oswego ( the d i s t inctly grey 
s o i l s  i n  a c o l l e c t i o n  of otherw i s e  brown s o i l s ) we re the only 
s i l t y  s o i l  c l as s i f icat i ons der ived . By plot t i ng l i qu i d  l im i t  vs . 
plas t i c i ty indice s , i t  was found that only one of the homes 
te sted , G4 , had what could be cons i de red a cohe s ive mat r i x , the 
othe r s  fall into the m i l d  to s l ightly cohe s i ve range ( Gu i l l ard 
and Houben ) . ( See f i g . 3 . ) 

The ac t iv i t y  coe f f i c i ent o f  the c l ays was e s t imated 
g raphically as we l l , the ac t i v i t y  coe f f i c i ent be ing equal to the 
rat io of the plast i c i t y  index and the percentage of part i c l e s  
l e s s  than 2� contained in t h e  sampl e s . A l l  samp l e s  te sted f e l l  
i n t o  t h e  non- expans ive , inact ive range : act i v i t y  c o e f f i c i ent � 
0 . 7 5 ( see f i g s . 4 � 5 ) .  T h i s  alone helps to explain why the 1 5 0 
year o l d  mud wal l s  have held w i thout cons iderable deformat ion 
despite waning maintenance rout in�s and fai led protect ive 
surf 
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Given Geo l ogical I nformat ion and XRD Resul t s  

I n  general , t h e  topo l ogy and surface g e o l o g y  o f  t h e  a r e a  o f  New 
York State under concern re f l ec t s  the presence and rece s s i o n  o f  
the P l e i s tocene A g e  W i sc o n s i n  Glac ier which depo s i ted large 
mas s e s  of c l ayey beds in its wake . The se P l e i stocene c l ays are 
e i ther l ac u s t r i ne ( depo s i ted beneath post - g l a c i a l  l ake s E r i e  and 
Ontar i o ) o r  fo rmat ions o f  more recent local l ake depo s i t s .  The 
c l ays are all s l ightly cal c areous ( Ri e s l . 

X- ray d i f f rac t i on anal y s i s  o f  c l ay- s i zed part i c l e s  was 
per fo rmed by R i chard Ap r i l  at Col g ate Unive r s i ty on ten samp l e s  
c u l l e d  from t h e  ent i re g roup repre sent i ng earthen bu i ld ings i n  
Bath , Geneva , I nterl aken , Oswego , Pen f i e l d , South Dansv i l l e , 
Trumans burg , and We s t  Bloomf i e l d . The s amp l e s  were g round , ac id 
d i g e sted , s i eved and cent r i fuged ; the retained c l ay part i c l e s  
( d i ameter � 2 � )  were te sted d r y  and saturated ( wi th ethylene 
g lycol ) .  Despite the d i spersed geograph i c  locat ions of the 
earthen home s , s i l t  components were cons i stently quartz and 
feldspars wh i l e  the c l ay components were predominan t l y  c h l o r i t e s  
and i l l i t e s  ( see t a b l e  I V , V ) .  

S ample � 7 5p/ Air Dry 

B2AI m i c a /  quart z / fe l d spar 
G2AI quart z / fe l d spar 
G6AI quart z / fe ld spar 
G l lA I  quart z / fe l d spar 
I lA I  quart z / fel dspar 
PN I A I  quart z / feldspar 
S D I A I  quart z / fel dspar 
T I A I  quart z / fe l d spar 
WBIAI quart z / feldspar 

Table I V :  Summary o f  XRD Re sul t s : the S i l t  Components 

S ample 

B2AI 

G2AI 

G6AI 

G l l A I  

I lA I  

O I A I  

PN I A I  

S D I A I  

T I A I  

� 2 �/Carb Rem/A i r  Dry 

chlori te/ i l l i  te 
very minor l /S 

c h l o r i te / i l l ite 
weathe red m i c a  
o r  m i x e d  l ayer l / S  

c h l o r i  te / i l l i  te 

c h l o r i te / i l l i t e  
weathered m i c a  
o r  m i x e d  l ayer l / S  

c h l o r i  t e / i l l i t e  
mixed layer l / S  

chlori te / i l l i  t e  
po s s i b l e  m i xed l / S  

chlorite / i l l i t e  
m i x e d  l ayer l / S  

c h l o r i te / i l l i t e  
m i x e d  l ayer l /S 

c h l o r i  t e / i l l ite 
m ixed l ay� r l /S 

� 2 /Carb Rem/Ethyl ene Glycol 

c h l o r i  t e / i l l i  te 

c h l o r i te / i l l ite 
t race expandable c l ay 

c h l o r i te / i l l i  te 
minor smec t i te /  mixed l /S 

c h l o r i  te/ i l l i  te 
t race expandable c l ay 

c h l o r i te / i l l i te 
t race smect i te 

c hl o r i te / i l l i t e  
t race smec t i te 

c h l o r i te / i l l i t e  
t race smec t i te 

c h l o r i te / i l l i te 

c h l o r i te / i l l  i te 

Table V :  Summary of XRD Resu l t s : the C l ay Components 

Earthen Mortar and Exte r i o r  Stucco Analys i s  

Earthen mortars empl oyed i n  the c l ay l ump wal l s  contained an 
average of 1 6% l ime ,  wh i le the b r i cks themselve s ' cont a i ned an 
ave rage of 2 . 3 % l i me . 

No pat tern ex i s t s  between the p l as t i c i ty i nd i c e s  o f  the 
earthen wal l s , the percentage of l i me i n  the exte r i o r  stuc c o s  or 
earthen mat r i c e s , and c i rcums tant i al ev idence of ext e r i o r  stucco 
fai lure ( i . e .  current surface treatment ) .  Therefore i t  is 
conc l uded that the i nhe rent o r  composed nature of the o r i g inal 
mate r i a l s  was not respon s i b l e  for stucco adhe s ion problems . ( See 
table VI . 1  
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Plast i c ity - Index and Surface Treatment , verses 
X B i nder in Orig inal Stucco and Earthen Wall 

Sample PI Surface Treataent X o r i B · stucco X earthen wall 

Bl - cem.ent stucco - 1 . 8  
B2 6 . 5  l ime stucco * 1 7  0 
Gl - s h i ngle 1 . 8  1 . 7  
G2 - s id i ng - 3 . 2  
G3 - clapboard - 1 . 5  
G4 1 1 . 9  l ime stucco * - 0 
G5 - cem.ent stucco - 3 . 0  
G6 8 . 8  s id i ng - 2 . 8  
G7 - s i d i ng - 3 . 0  
G8 9 . 4  sid ing - 0 . 6  
G9 5 . 1  cem.ent stucco 1 7  1 . 9  
G I 0  6 . 6  fi.e stucco * 30 0 . 4  
G I l  5 . 3  l iae stucco * 2 0  1 . 9  
G 1 2  - . s iding 1 7  2 . 3  
1 1  2 . 6  clapboard 2 2  3 . 0  
01 3 . 1  brick 2 4  2 . 2  
PHI - clapboard - 1 . 3  
PNI - mud plaster 22 2 . 5  
PN2 - clapboard - 9 . 3  
SCI clapboard - 3 . 7  
SOl - cement stucco 34 4 . 9  
T l  - l ime stucco * - 2 . 7  
WBI - B i d ing - 0 . 6  
WBI - s i d i ng - 0 . 6  

* o r i g inal surface t reatment 

Table VI : Current Surface T reatment v s . S o i l  Ac t i v i ty and B i nde r s  

F i gure 6 :  Luther S m i t h  Home , Spr i ng f ie l d  Center , ( 1 9 th Century ) 

F i gure 7 :  Luther Smith Home w i t h  Wood S i d i ng , ( Ap r i l  1 9 90 ) 
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Conc l u s ions 

The two dozen home s bu i l t  o f  earthen mate r i a l s  dur i ng New York 
State ' s  p e r i o d  o f  rap i d  expans ion represent a sma l l  but i mportant 
phase in the h i s tory o f  Ame r i can bu i l d ing techno l ogy . They 
man i fe s t  a democ rat i c  dedicat i on t owards affordab l e  and hea l t hy 
hous ing v i a  cheape r bu i l d ing mate r i al s .  The momentum o f  the i r  
c o n s t ru c t i o n  was halted b y  an o f f s e t  o f  i t s  own evolut i o n : the 
concrete i ndustry . As a r e s u l t  of the devel opment of the g rave l 
wal l , and eventual l y  o f  Port l and Cement , an ent i re fac e t  o f  
masonry was l a i d  as ide ; the knowl edge o f  trad i t i onal mason ' s  
mate r i al s ,  technique s , and rec ipes f o r  proper stuccos to mai n t a i n  
t h e  homes as t h e y  w e r e  o r i g i nal l y  de s i gned , w a s  l o s t . A n  overa l l  
ae sthet ic wh ich re l i ed upon t h e  mai ntenance of exte r i o r  f i n i she s 
bec ame confused and desperate as repa i rs demanded attent ion f rom 
t rade spersons who no l onger unde r s tood the proper use of s l aked 
l ime/ h a i r  and sand pl asters ; the resu l t s  speak for thems elves 
behind c amouflag ing l ayers of v i nyl and aluminum s i d ing . 

What i s  needed i s  a comp l e te study and documentat i o n  o f  the 
earthen home s i n  New York S t ate so that they c an receive a 
typo l o g ical h i s t o r i c  de s i gnat i o n  l e g i t i m i z i ng the i r  importance 
and encourag i ng proper care o f  the mud wal l s ; an i ndex and study 
of the other earthen home s i n  the Northeast and in Eastern Canada 
needs to be addre s sed as we l l .  Unl ike adobe homeowne r s  in the 
Ame r i can Southwe s t , owne rs of earthen home s in the Northeast have 
no one to turn to for adv i c e  when c o n s i de r ing repa i rs o r  
restoration pro j e c t s ;  I sugg e s t  that t he H i s t o r i c  Prese rvat i o n  
O f f i c e s  o f  eastern Canada and t h e  n o r t heastern U . S .  s t a t e s  
c o l l aborate on a maint enance manual f o r  earthen s t ructures i n  the 
non-ar i d  regions o f  No rth Ame r i c a  i n  order t o  educate homeowne r s  
and t rade spe rsons o f  appropriate anal yt ical and maintenance 
techn i ques . 
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ABSTRACT 

Two Spanish adobes from 
local ities of the Val lado l id 
area (Villavicencio and 
Porti l lo ) , in the region of 
castil la-Le6n , have been 
selected in order to study 
their composition and some 
physical characteristics . 
Special attention was paid 
to the porosity and the 
properties most directly 
related to the presence 
and movemerits of water 
through their interior . The 
open porosity and pore size 
distribution was measured by 
means of mercury injection 
porosimetry . Some hydric 
tests -water immersion , 
water vapour absorption 
( hygroscopicity ) ,  capil lary 
suction and water desorption 
( evaporation ) -have been 
carried out . The open 
porosity is higher in those 
adobes with a higher content 
in carbonatic components 
( Port i l l o ) .  In these 
materials , the pore-throat 
sizes are higher than in the 
adobes with a greater clay 
fraction ( Villavicencio ) . On 
the contrary , the hydric 
behaviour of both types of 
adobes is simi lar . 

KEYWORDS 

Adobe , composition , physical 
properties , porosity , spain . 
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CARACTERIZACION FISICA DE ADOBES DE CASTILLA-LEON ( ESPANA ) 

J .  Ordaz , F . J .  Alonso y R . M .  Esbert 
Departamento de Geologia .  Universidad de Oviedo 
cj Jesus Arias de Velasco , sjn 
3 3005  Oviedo ( Espana ) 

Introducci6n 

El barro crudo , sin cocer , ha venido empleandose en Espana desde 
la antiguedad en algunas construcciones populares , especialmente 
en la regi6n de Cast i l la-Le6n . Las apl icaciones han sido diversas 
( mortero de uni6n para mamposteria de piedra , como revoque 0 en
tramado en muros , etc • . .  ) ,  si bien el uso mas importante y exten
dido en la arquitectura tradicional de esta regi6n es como adobe 
en construcciones de diversos usos . El s istema de fabricaci6n con
tinua siendo artesanal y muy similar en las diferentes comarcas , 
aunque el tipo de tierra sea distinto ( 1 ) . 

El objetivo de este traba jo es caracterizar una serie de adobes , 
tanto desde el punto de vista composicional y textural ,  como de 
sus propiedades fisicas mas directamente l igadas a la porosidad 
y al comportamiento frente al agua . 

Materiales 

Se han seleccionado , para el presente estudio , cuatro adobes , 
correspondientes a dos tipos distintos . Dos de el los fueron mues
treados en una casa particular ( de unos cien anos de antigliedad ) ,  
en e l  termino de Vi l lavicencio de los Caballeros ( a  unos 70  Km al 
noroeste de la ciudad de Valladol id ) .  Los otros dos adobes fueron 
extraidos de edificaciones actuales de la l ocal idad de Port i l lo 
( a  unos 20 Km al sureste de Valladol i d ) . 

Su aspecto macrosc6pico difiere en ambos tipos . Los de Villavicen
cio son de color pardo-marronaceo , mientras que los de Portillo 
son de tonal idades blanco-grisaceas .  En los primeros , ademas , se 
distinguen fragmentos irregulares de ladr i l l o  y cal iza , de tamano 
arena y grava ( de hasta unos 2 cm ) .  Tambien se observan huecos 0 
coqueras de algunos mil imetros de diametro . Los adobes de Port i l l o  
son d e  aspecto parecido , con fragmentos liticos y d e  ladri llo , de 
similar tamano que los anteriores , y huecos de hasta 1 cm de dia
metro . 

La composici6n minera16gica media de los adobes estudiados , de 
acuerdo con los analisis de difracci6n de rayos X ,  se muestra en 
la Tabla I .  

Mineral 

Cuarzo 
Feldespato 
I l l ita 

Tabla I 
Composici6n minera16gica ( % )  

Vi llavicencio 

4 8  
10 
23 

Caol inita + Clorita 7 
Calcita 1 2  
Dolomita Indicios 

Porti l l o  

2 2  
2 8  

5 

2 5  
2 0  

Como puede observarse , l o s  adobes d e  Villavicencio son mucho mas 
ricos en componentes terrigenos que los de Porti llo , siendo el 
porcentaj e  de granos siliciclasticos del 58 % Y el de la fracci6n 
arc i l losa ( il l ita , clorita y caol inita ) del 30 % . El tamano de 
los granos apenas supera las 2 0 0  �m . El 12 % restante corresponde 
a los carbonatos ( calci�a ) . Figs . 1 y 2 . .  

Los adobes de Porti l l o  presentan menores contenidos en minerales 
terrigenos , destacando la elevada proporci6n de feldespato , y la 
pequefia fracci6n arc i l losa , constituida exclusivamente por i ll ita . 
El tamano de los granos es tambien mayoritariamente fino . Los mi
nerales carbonatados son cuantitativamente importantes ( 45 % ) , 
destacando la abundancia de dolomita . En algunas muestras se ha 
detectado yeso en porcentajes significativos ( hasta el 1 5  % ) . 
Figs . 3 y 4 .  

Caracteristicas fis icas 

Con el fin de caracteri zar fisicamente los adobes seleccionados se 
ha medido su porosidad abierta 0 efectiva , y se han real izado en
sayos hidricos , determinandose diversos parametros relativos al 
comportamiento del agua en dichos materiales . 



Fig . 1 . - Aspecto de la tex
tura del adobe de Vil lavi
cencio al microscopio de 
polari zaci6n ( N . C . ) .  Pueden 
observarse granos de cuarzo 
y la matriz arcil losa . 

Fig . 2 . - Detalle del adobe 
de Vil lavivencio al micros
copio electr6nico de barri
do . N6tese la morfologia de 
los granos y de los poros . 
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Porosidad : La porosidad abierta se ha medido mediante un porosi
metro de inyecci6n de mercurio , obteniendose la distribuci6n de 
tamafios ( accesos ) de los poros comprendidos entre 70 y 0 , 0 0 3 7  �m . 
La tecnica seguida fue la de doble inyecci6n , la cual permite 
obtener el porcenta je de porosidad atrapada ( 2 ,  3 ) . 

Dos e j emplos representativos de curvas de frecuencia de tamafios 
de poros se muestran en los figuras 5 y 6 .  Los porcenta jes medios 
de macropororos ( radio superior a 7 , 5  �m ) ,  de microporos ( radio 
inferior a 7 , 5  �m ) y de la porosidad atrapada pueden verse en la 
Tabla II . 

Muestra 

Vi llavic . 
Portillo 

Tabla II  
Porcenta jes de porosidad 

Por . abierta Por . atrap . Macropor . Micropor . 
r>7 . 5�m r<7 . 5�m 

3 4  
4 2  

1 2  
1 8  

5 
11  

29  
3 1  

E n  cuanto a los radios de acceso de poro , estos son menores e n  las 
muestras de Villavicencio , situandose su valor mas frecuente alre
dedor de 0 . 1  �m . Las muestras de Portillo , en cambio , presentan 
una bimodal idad mas acusada , correspondiendo la microporosidad 
( 11 % )  a tamafios de acceso de poro de 0 . 5  �m y la macroporosidad 
( 3 1 % )  a 30 �m . 
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Fig . 5 . - Curvas de frecuencia de la  porosidad en funci6n del 
tamafio de acceso a los poros en el adobe de Villavicencio . Se 
muestra la porosidad accesible al Hg ( 1� Inyecci6n ) , la poro
sidad libre ( 2� I nyecci6n ) y su complementaria ( porosidad 
atrapada ) . 
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Fig . 6 . - Curvas de frecuencia de la  porosidad en funci6n del 
tamafio de acceso a los poros en el adobe de Porti llo . 



Fig . 3 . - Aspecto de la tex
tura del adobe de Portillo 
al  microscopio de polari za
ci6n ( N . C . ) .  Se observan 
algunos granos de cuarzo y 
calcita , inmersos en una 
matriz mas carbonatada 
( micrita ) . 

Fig . 4 . - Detalle del adobe 
de Portillo al microscopio 
electr6nico de barrido . Se 
pueden observar los compo
nentes finos ( arcillas ) 
recubriendo los granos 
minerales . 
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Con objeto de conocer las propiedades hidricas y el comportamiento 
cinetico del agua en los adobes baj o  distintas condiciones , se han 
llevado a cabo cuatro tipos de ensayos : inmersi6n en agua , higros
copicidad , capilaridad y desorci6n . En todos ellos se han uti l i za
do probetas de forma cubica de aproximadamente 5x5x5 cm . Informa
ci6n complementaria sobre los procedimientos seguidos puede verse 
en ( 4 ) . 

Inmersi6n en aqua : Las probetas ,  colocadas en cubetas individua
les , se sumergieron en agua hasta alcanzar las 4/5 partes de su 
altura . La perdida de material fue inmediata y muy rapida en todas 
las muestras en los primeros minutos del ensayo . A partir de los 
10-15  minutos la perdida de material tiende a disminuir .  Las pri
me ras grietas importantes en la superficie aparecieron a los 20-25  
minutos . 

Los desmoronamientos comenzaron a partir de los 4 0  minutos , tanto 
en los adobes de Villavicencio como en los de Porti llo , aunque no 
en todas las probetas .  El colapso total tuvo lugar al cabo de una 
hora aproximadamente , si bien algunas probetas mantuvieron todavia 
una cierta coherencia interna , sin agrietamientos evidentes al 
cabo de varias horas . 

Higroscopicidad : Las probetas , previamente secas ( a  estufa , T :  
6 0 · C )  y pesadas , fueron colocadas en una camara a diferentes va
lores de humedad relativa : 65% , 75% Y 95%  ; y 2 0 · C  de temperatura . 
A intervalos de tiempo se pesaron las probetas , a fin de medir la 
cantidad de vapor de agua absorbida por las mismas en las condi
ciones ambientales f i j adas . 

Los resultados obtenidos para condiciones de equilibrio ,  expresa
dos en forma de porcentaj e  respecto al peso seco inicial de las 
probetas ,  se muestran en la Tabla I I I . 

Tabla III  
Porcentajes de contenido en agua : Higroscopia 

Muestras 

Vil lavic . 
Portillo 

H . r . : 65% 

0 . 95 
1 . 1 5 

H . r . : 75 %  

1 . 1 5 
1 .  4 0  

H . r .  : 95% 

1 . 85 
2 . 3 5 

Capilaridad : Las probetas fueron colocadas en una cubeta sobre una 
base de mas de 1 cm de papel de filtro , alcanzando el agua unos 3 
mm de altura en las probetas al comienzo del ensayo . Las condicio
nes ambientales fueron : 75% de h . r .  y 2 0 · C  de temperatura . La al
tura del agua alcanzada en las probetas fue midiendose a interva
los regulares de tiempo . Con dichos valores se obtuvieron las cur
vas de ascensi6n capi lar ( Fig . 7 ) , Y a partir de el Ias se determi
n6 el coeficiente de penetraci6n capi lar ( A ) , expresado en la 
f6rmula ( 5 ) : X=A �; donde X es la altura ( en metros ) alcanzada en 
el tiempo t ( minutos ) .  

Los resultados han dado unos valores medios del coefici�yte A �ara 
el adobe de Vi llavicencio de 2 . 7x103 m/min�, y de 2 . 8x10 m/min � 
para el de Portillo . Estos coeficientes pueden considerarse nor
males , para este tipo de materiales poros�s . 
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Fig . 7 . - Ascensi6n capi lar : Altura ascendida por el agua en 
funci6n del tiempo durante las primeras horas de ensayo . 
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Fig . 8 . - Curvas de evaporaci6n : Contenido en agua en funci6n 
del tiempo durante los primeros dias de secado . 
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Desorci6n de agua : Probetas humedas , que habian absorbido agua por 
succi6n capilar , fueron pesadas al inicio del ensayo , y dejadas 
secar en condiciones ambientales ( 70%  de h. r .  y 2 0 · C de tempera
tura ) .  Las probetas fueron pesadas a interval os regulares , obte
niendose el contenido en agua de las muestras en funci6n del tiem
po ( Fig . 8 ) . 

Puede observarse una perdida de peso lineal durante el primer dia . 
Los valores pr6ximos al equi librio no se alcanzan hasta pasados 
cuatro dias . 

Conclusiones 

De los datos obtenidos y observaciones reali zadas se deduce que , 
en general , las propiedades fisicas de los adobes estudiados , y 
especialmente las hidricas , estan relacionadas con la mineralogia 
y textura de los mismos . Asi , la porosidad efectiva es mayor en 
aquellos adobes ( Portillo ) que muestran un mayor contenido en car
bonatos . A su vez , en estos mismos materiales , el radio de acceso 
a los poros es mayor que en los adobes con mayor fracci6n arcil lo
sa ( Vil lavicenci o ) . 

El agua l iquida ( por inmersi6n ) afecta practicamente por igual a 
ambos tipos de adobes , ocasionando su colapso total en un termino 
de aproximadamente una hora . La absorci6n de vapor de agua es 
similar en ambos tipos de adobes , a pesar de mostrar diferentes 
grados de porosidad y de tamafios de acceso a los por�s . Esto po
dria explicarse teniendo en cuenta que" los adobes que presentan 
las mayores porosidades ( Porti l lo ) son , a su vez , los que exhiben 
mayores tamafios de poro . Estos parametros , al contrario que en 
otros tipos rocosos ( 6 ) , parecen influir muy poco en el proceso 
de absorci6n de agua por capi laridad , que tambien es simi lar en 
ambos tipos de adobe . 

Es sabido que el proceso de sec ado de los adobes humedos esta con
trolado por la difusi6n del agua a traves del material y la eva po
raci6n en superficie ( 7 ) . En las muestras estudiadas la tasa de 
perdida de agua durante la desorci6n se mantiene l ineal durante 
las primeras veinticuatro horas , no alcanzandose los valores pr6-
ximos al equilibrio hasta mas alIa de los cuatro dias de ensayo . 
El contenido en agua que resta en las muestras de adobe , es del 
mismo orden de magnitud que el obtenido por higroscopia . 
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ABSTRACT 

Dur i ng t he l abor atory and 
f i el d  i nves t i ga t i on i n  
1987-1988 the technology 
of ma k i ng adobe was repro, 
d uced. The r e c l  pe ot' t t.e c l  ay 

mor t ar· for r ef i l l i ng 
westages i n  wal l s  was 
wor ked out . The mai n 
component of t he mor tar 
was t he mont mor i l l oni t 
c l ay gai ned f r om t he 
Cahuachi bui l di ngs a r ea .  
Moreover the s uper f i c i al 
preconsol i da t i on tec hnol ogy 
of the wal l s  by t tle waLer 
disper s i on - Col a Si ntet i c a  
was worked out, a s  wel l  a s  
the s ur f ac e  hydrophobi ng 
met hod by t he water 
d i s per s i on I ml ar CPC 
1 1 75 T. Thus for t he 
s t r uc t ural consol i da t i on 
tec hnol ogy of t he adobe 
wal l s  contai ning the 

mont mor i l oni t c l ay is not 
yet wor k ed out . 
I nves t i gat i on i s  c ar r i ed 

·on. 

KEYWORDS 

Per u, Nazc a, Cahuac hi ,  
conservati on, adobe. 
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PROBLEMAS DE LA I NVES T I GAC ION Y CONSERVAC I ON DE LAS ESTRUCTURAS 
DEL CENTRO CEREMON I AL DE LA CULTURA PARACAS -NAZCA , PERU . 

S l awom i r  Sk i b i ffski 
N i cho l a s C opern i cu s  Un i vers i ty 
1 1  Gagar in S t re e t  
8 7 - 1 0 0  Toruff 
Po l and 

1 .  I nve s t i ga c i ones s obre l a  e l e c c i 6n de med i o s  
r e f o r z a m i ento pre l i mi nar de l a  s uperf i c i e  de muro s . 

1 . 1 .  E l  obj et i vo de l a  inve s t i ga c i 6n .  

para un 

El obj e t i vo cons i s t i 6  en e s pe c i f i c ar e l  med i o  para l a yrot e c c i 6n 
pre l i m inar de l a  superf i c i e  de paredes que s e  d e sprend{an y que a 
l a  v e z  f u e s e  a c c e s i b l e  en e l  mercado peruano . Una v e z  protegi da 
l a  pared se pueden l l evar a c abo otras t areas de su conserv a c i 6n . 

1 . 2 .  Mat er i a l e s . 

Se t omaron en cuenta l o s s i gu i entes med i o s  ( e s t o s  f ueron 
a c c e s i b l e � en e l  Peru ) : 
Co l a  S i nte t i ca he cho en Peru 
P r i ma l he cho en I t a l i a  
C o l l a Forte he cho en I ta l i a  
V i nav i l Rap i d  hecho e n  I t a l i a 
L a s  di spers i one s acuat i ca s  de e s t o s  med i o s  s i rv i eron para 
r e f o r z a r  l a  super f i c i e  de paredes de modo pre l im i nar . 

1 . 3 .  E l  m�todo de trabaj o .  

Las d i sper s i ones acuat i c as ( de l  2 5 � )  de l os po l fmeros menc i onados 
s e  pu s i e ron s obre l o s portaobj et o s . Despu�s de s e c a r s e , l a  m i tad 
de l portaobj e t o s  fue cubi erta con el  pape l negro y s e  Ie e xpu s o  
durante 1 4  d ra s  en e l  muro exper i ment a l  " i n s i t u "  ( Mont (cu l o  I ) .  
A l  terminar e l  e s t u d i o  s e  h i c i e ron l a s c ompara c i ones 
organo l �pt i c a s  de l grado de amar i l l eo de l a s part e s  expue s t a s  y 
cub i ertas de l portaobj e t o s  y l a  res i s tenc i a  de med i o s  a l  a gua . La 
re s i s t en c i a  al a gua fue de f i n i d a  por l o s c amb i o s  en 
recubr i m i entos despu�s de poner una got a  de a gua s obre e l l o s .  

1 . 4 . D i s c u s i 6n de r e s u l t a do s . 

Los med i o s  menc i onado s se pueden poner en hi l e ra t omando en 
cuenta s u  grado de amar i I l ea y res i s tenc i a  a l  agua e i n i c i ando 
con l o s  mas r e s i s t ent e s : 

C o l a  S i ntet i c a  > P r i ma l > Co l l a Forte > V i n av i l Rap i d  

Por e s o  para reforzar pre l i minari amente l o s  muro s s e  e s c o g i 6  l a  
emu l s i 6n acuat i c a d e  C o l a  S i nt et (c a . 

Hay que men c i onar aqu f que de l m i smo modo se determin6 e l  grado 
de amar i l l eo y la res i s t enc i a  al a gua de l preparado CPC 1 1 7 5 T ,  
que f u e  e s c o g i d o , para l a  h i drofobi z a c i 6n ,  c omo e l  mej or med i o .  
Las prueba s de iinpregnar adobes de modo e s t ru c tura 1 u t i  1 i z ando 
l o s d i s o l vent e s  de res inas t e rmop l a s t i c a s  y s i l i coorgan i c a s. no 
d i e ron re s u l tados e sperado s . 

2 .  E l  e s t u d i o  de l a  e l abora c i 6n de l a s argama s a s  para re l l enar 
l o s  d e c re c i m i entos de l a s paredes de adobe . 

2 . 1 .  E l  obj e t i vo y l a  e s fera de 1 a  inves t i ga c i on .  

L a  meta de l e s t u d i o  fue l a  d e  obtener l a s argam a � a s  para re l l enar 
l o s  de c r e c i m i entos y para l a  reconstru c c i 6n de l o s  muro s de l 
centro ceremon i a l . La argama s a  debe r i a  caracter i z a r s e  por e l  baj o 
c o s t o  de su prepara c i 6n y por l o s parame t r o s  f i s i co s  semejantes a 
l as argam a s a s  o r i g i na l e s  pero , a 1  m i s mo t i empo , menDs 
h i gr o s c 6p i c o s . Por e s t a s  razones s e  de c i d i 6  que l a s argama s a s  se 
preparar[an u t i l i z ando e l  l i mo de montmor i l l on i t a  de l o s 
yac i m i entos l o c a l i zados c e r c a  de l s i t i o  arque0 1 6g i co en C ahuachi . 
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2 . 2 . Met odo de l t rabaj o .  

2 . 2 . 1 .  M a t e r i a l e s : 

- l i mo de montmor i l l on i t a  ( s e t omaron l a s  mue s t r a s  d e l l i mo de l 
l u gar c e r cano a l a  Gran P i r Am i de en Cahuachi ) ,  
- arena para v i dr i o  de granu l ac i 6n de . 3  a . 1 5 mm . 
- a gua . 

2 . 2 . 2 .  La prepara c i 6n de l a s a rgama s a s . 

Se c o l o c 6  e l  l i mo de montmor i l l on i t a  en un r e c i p i ente y s e  
hume d e c i 6  r o c i �ndo l o  c o n  agua de modo que s u  e x c e s o  s e  i nf i l t raba 
r Ap i do . En c a s o  de apare c e r  got a s  de agu a  s obre l a  super f i c i e , ya 
no se roc laba mAs . De spue s de 2 4  horas de r o c i ar ,  l o s  peda z o s  de l 
l i mo se t r i turaron . Luego s e  dej 6 e l  a g l u t i nante l i mo s o  en un 
rec i p i en t e  por o t r a s  24 hora s . E s t e  pro c e d i m i ento se rep i t i 6  
d i a r i ament e . A l  p a s a r  una s emana a l  a g l u t i nante l i mo s o  s e  agreg6 
arena c u ar z o s a  de granu l a c i 6n . 3  . 1 5 mm en proporc i 6n de 2 
c ant idades para uQa de l a g l ut inante . La s e gunda parte de l 
a g l u t i nante s e  u s o  para preparar e l  argam a s a  c ompue s t a  de 3 
partes de arena y una de l l i mo . Luego se prepararon a rgama s a s  y 
co l o c aron en mo l de s . A l  c abo de una s emana , l a s f orma s s e  
de smo l daron y s e  m i d i eron l a s  prop i edades f i s i c a s  y a c u s t i c a s  
( veAnse Tab l a s  I y I I )  d e  l a s  argama s a s . 

2 . 2 . 3 . D i s cu s i 6n de r e s u l t ad o s . 

A l  c omparar l a s prop i e dade s de l a s argama s a s  preparadas en 
l aborat o r i o  podemo s ver una gran c onvergenc i a  con l a s prop i edades 
de argama s a s  ori gina l e s  ( c omp'ran s e  l a s  magn i tude s pre s en t adas en 
l a s t ab l a s  1 y 3 de S k i b i ft s k i  ( 1 9 9 0 )  para argama s a s  o r i gina l e s  y 
l a s t ab l a s I y I I  s obre argama s a s  preparadas en l aborator i o ) . 
Para re l l enar l o s d e c r e c i m i ent o s  en l a  pared durante l a  prueba de 
c o n s e rva c i 6n en C ahuachi s e  ut i l i z � la argama s a  de c o n t e n i d o  1 : 3 
c o n  una pequefta ad i c i 6n de c o a gu l an t e  que e s  l a  emu l s i 6 n  acuAt i c a  
d e  C o l a  S i ntet i c a .  L a  arena c u ar z o s a  c o n  gran c on t e n i d o  de 
minera l e s  o s c ur o s  de o r i gen l o c a l  s i rv i 6  de agregado . La s o l u c i 6n 
s a turada de l h i d r 6 x i d o  c A l c i c o fue u s ada para p l a s t i f i ca r  e l  l i mo 
de montmo r i l l on i t a  proven i e n t e  de l a  Gran P i rAmide ( s e c t o r  1 ) . La 
montmo r i  l l on i  t a  c A l c i c a  demu e s tra mayor re s i s t enc i a  de spue s de 
s e c a r s e . El obj e t i vo de ap l i c ar l a  argam a s a  fue : 

1 0  - l i m i t ac i 6n de l a  pene t r a c i 6n de l vapor de l agua y c o n  e s o  l a  
r e s t r i c c i 6n de l a  i nt e ra c c i 6n de l agua adentro de l muro a l  
re l l enar l o s decre c i mi ento s ,  de l am i na c i on e s  y f i sura s d e  l a  
superf i c i e . 

2 0  - r e f o r z a m i e n t o  de t rama de muro s . 

3 0  - e l abora c i 6n e s t e t i c a de l muro . 

3 .  E l  e s tud i o  de l a  re s i s t e n c i a  a l a  l u z  de l o s  med i o s  emp l e ad o s  
p a r a  l a  prot e c c i 6n pre l i m inar e h i dro f ob i z a c i 6n ( preparado por dr 
J .  C i abach ) . 

3 . 1 .  E l  obj et i vo de l e s t u d i o .  

S e  t r a t 6  de determinar l a  re s i s t enc i a  a l a  l u z  de l a  d i sper s i 6n 
acuAt i c a  de la C o l a  S i n t e t i c a  ( he cha en Peru ) , la que fue 
u t i l i z ada para la pro t e c c i 6n pre l i m i nar de l a s partes de muros 
d e s i n t e grado s , de la d i sper s i 6n a c uA t i c a  de l a  r e s ina a c r fl i c a  y 
de l po l i t e t ra f l uoret i l eno I m l ar C PC 1 1 7 5  T ( de Du Pont ) e s c o g i d o s  
p a r a  re a l i z a r  l a  h i d r o f ob i z a c i 6n .  

3 . 2 .  Me todo de l a  i nve s t i ga c i 6 n .  

3 . 2 . 1 . Prepar a c i 6n d e  l a s mue s t r a s  para e l  e s t u d i o .  

S e  prepararon l a s mue s tr a s  en f o rma de re cubr i mi en t o s  s obre 
la l Am i na de a l um i n i o  s e gun e l  me t odo d e s c r i t o  por J . 
C i abach . L a s  mue s t r a s  f u e ron expue s t a s  a l a s r ad i a c i on e s  d e  
manera c on t i nu a , a l  a i re a una t emperatura de 4 0 0  C Y a l a  
hume dad re l a t i va de 3 0% en l a  c Amara Feut ron 3 0 0 1 . L a  
i nt ens i dad de l a  rad i ac i 6 n  u l t r av i o l e t a  de o n d a  mayor de 3 9 0  
m ,  a l c a n z 6  4 . 5  x 1 0 - 3  de mmo l de l A c i d o  o x A l i c o  por c ad a  cm2 
por 1 hora . M A s  d e t a l l e s  s obre l a  i nve s t i ga c i 6n se 
encuen t r an en e l  t rabaj o de J .  C i abach . 
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3 . 2 . 2 . E s t ud i o  de l o s  camb i o s  de c o l or .  

Para i dent i f i c ar l o s c amb i o s  eventua l e s  de c o l or se c ompararon 
v i sua l mente l a s mue s tras e xpue s t a s  a l a s rad i a c i ones y l a s que no 
fueron expu e s t a s . 

3 . 2 . 3 . Estud i o s  de l decre c i m i ento de l a  mas a .  

E s t e  e s tud{o s e  h i z o  con l a  t� cni c a  grav im�t r i c a  emp l e ando una 
ba l an z a  ana l i t i c a ( ver Tab l a s I I I  y I V ) . 

3 . 2 . 4 .  E s t ud i o s  de l o s  c amb i o s  de l a  dur e z a  de supe r f i c i e . 

E s t o s  camb i o s  se regi s traron por med i o  de un d i spo s i t ivo con e l  
p�ndu l o  de Koen i g  d e  manera de s c r i  t a  por l a  PN-7 3 / C - 8 1 5 3 0  ( ver 
Tab l a  V )  

3 . 2 . 5 .  E s t ud i o s  d e  e l as t i c i dad . 

Se determ i n6 l a  e l a s t i c i dad de l o s recubr i m i ent os , obt enidos por 
med i o  de l a  f l ex i 6n s obre c i l indros de var i o s  d i Ametro s , t a l  c omo 
1 0 de s c r i be l a  PN-7 6 /C - 8 1 5 2 8 . 

3 . 3 .  Re s u l t ados de e s t ud i o s . 

3 . 3 . 1 .  Camb i o s  de c o l o r .  

Despu�s d e  1 0 4 d i a s d e  expo s i c i 6n a l a  radi a c i 6n ( d6 s i s  de 
radi a c i 6n H= I I . 2 5 mmo l / cm2 ) no se han observado camb i o s  de c o l or 
en l a s mue s t r a s  preparadas de l I m l ar C PC 1 1 7 5T . Por otro l ado , s e  
obse rv6 e l  amar i l l e o e n  l o s  recubr i m i entos de l preparado de l a  
C o l a  S i ntet i c a ,  10 que s e  per c i b i 6  despu�s d e  4 6  d i a s de 
rad i a c i 6n ( d6 s i s  de rad i a c i 6n H=4 . 9 7 mmo l / cm2 ) .  

3 . 3 . 2 .  Decre c i m i ento de ma s a .  

E l  decre c i m i ento d e  masa med i a  de l I m l ar C PC 1 1 7 5T , no sobrepas a  
e l  2 %  de l p e s o  y e s  i ndepend i ente de l t i empo ( d6 s i s )  d e  rad i a c i 6n 
( ver Tab l a  I I I ) . En camb i o , a l  tratar con C o l a  S i ntet i c a , e l  
de c r e c i m i ento de masa prome d i o  a l canz6 e l  1 6% ( d6 s i s  de 
rad i a c i 6n H= 1 1 . 2 5 mmo l /cm2 ) y fue d i r e c t ament e depend i ente de l a  
radi a c i 6n ( ve r  Tab l a  I V ) . 

3 . 3 . 3 .  Dure z a  de super f i c i e . 

La dureza de superf i c i e  de l I m l ar C PC 1 1 7 5 T  es muy pequeffa y no 
camb i 6  durante l a  radi a c i 6n ( e l  aument o de . 0 4 a l  . 0 6 durante l o s 
p r i meros 2 0  d i a s , a l  i n i c i a r  l a  rad i a c i 6n ,  se puede exp l i c ar por 
la evapor i z a c i 6n de l o s r e s t o s  de l a gua u otras substan c i a s  
vo l at i l e s )  . 

La dur e z a  de l a  C o l a  S i ntet i c a  aumenta e l  44% durante l a  
rad i a c i 6n y depende de s u  t i empo ( c onsu l t ar Tab l a  V ) . 

3 . 3 . 4 .  E l a s t i c i dad . 

E l  r e c ubr i m i ento de l I m l ar CPC 1 1 7 5 T  ant e s  y despu�s de l a  
rad i a c i on ( h a s t a  1 04 d i a s ) no camb i a  s u  e l a s t i c i dad . N o  s e  
r e s qu i ebra e n  e l  c i l indro de d i Ametro de 1 mm . En c amb i o  l a  C o l a  
S i nte t i c a  no s e  resqu i ebra e n  e l  c i l i ndro con u n  d i Ametro d e  1 mm 
ant e s  de expone r l a  a l a  rad i a c i 6 n  pero despu�s de e l l a  s e  
requ i ebra e n  un c i l i ndro c on un d i Ametro de 7 mm . 

3 . 4 .  D i s cu s i 6n de r e s u l tados . 

Ambas re s i nas demu e s tran tener una res i s t enc i a  a l a  l u z  
t ot a l mente d i s t i nt a .  La C o l a  S i nt€t i c a s e  amar i l l a ,  p i e rde su 
p e s o  a causa de la  vo l at i l i z a c i 6n de l suav i z ador 0 la  f o t6 l i s i s  
d e  po l (mero , s e  hace mAs dura y menos e l A s t i c a . I m l ar CPC 1 1 7 5 T  
conserva s u s  prop i e dade s in i c i a l e s  durante l a  expo s i c i 6n a l a s 
rad i ac i ones que provo c an l o s  c amb i o s  de l a s prop i e dade s  
e s e nc i a l e s  de muchas o t r a s  r e s i nas a r t i f i c i a l e s  cons i deradas 
comtnmente c omo res i s tentes al u l t rav i o l et a  ( p . e .  re s i nas 
a c r {l i ca s  cori Para l o i d  B-7 2 ) .  
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4 .  La prueba de l a  c o n s e r va c i 6n d e l  muro de adobe . 

Se ha e s c o g i d o  un f r a gmento de l a  pared a l o s p i e s  de l Mont (c u l o  
I ( ver Fot . 1 )  para l a  c o n s e r va c i 6n a prueba . S e  h i c i e ron l o s 
s i gu i en t e s  t r abaj o s : 
- s e  l i mp i 6  m e c an i c amente l a  supe r f i c i e  de l muro u s ando p i n c e l y 
a i re c ompr i m i do . 
- e s t a  s upe r f i c i e  se c o n s o l i d6 ut i l i z ando l a  emu l s i 6n acuAt i c a de 
C o l a  S i n t e t i c a  en la d i s o l u c i 6n 1 : 1 5 .  
- l a  e x f o l i a c i 6n de argama s a s ,Y e l  mortero s e  adh i r i eron con l a  
emu l s i 6n acuAt i c a d e  C o l a  S i nt e t i c a en l a  propor c i 6n de 1 : 3 .  

s e  re l l enaron l o s d e c re c i m i en t o s  de l muro c on l a  argam a s a  
preparada con montmor i l l on i t a  y arena de l o s  ya c i m i ent o s  d e  
Cahuachi en l a  propo rc i 6n de 1 : 3 .  

a l  s e c a r s e  e l  muro s e  p u s o  l a  d i s o l u c i 6n a c u A t i c a  de l a  
emu l s i 6n I m l ar CPC 1 1 7 5T a traves de l pu l s ador y parte de l muro 
fue cubi e r t a  1 vez y l a  otra 2 v e c e s  para obj e t i vo s  c i ent !f i c o s . 

Un mes despues de hacer obs erva c i on e s  " i n s i t u "  se puede c on s t at ar 
que e s t a s  partes de l muro que s e  hab !an pre s e rvado b i en 0 
ba s t ante b i en s e  c on s o l i daron muy b i en a c a u s a  de l o s t rabaj o s  
rea l i z ados , pres ervaron u n  e f e c t o  h i dr6 f obo de l muro ( ver F o t . 2 ) . 
S i n  embargo , l a  c orona de l muro l a  que f ue expu e s t a  en e l  p a s  ado 
a l a  a c c i 6 n  i nt e n s i va de l agua ( i nundac i o ne s )  no se habra 
c on s o l i dado en un grado s a t i s f a c t or i o .  En e s t e  c a s o  s e  deben 
c amb i ar l a s  capas c i rcumsuperf i c i a l e s en un mortero nuevo . No s e  
h i z o  h a s t a  ahora y a  que n o  s e  d i spon(a de l programa c o mp l et o  d e  
l a  reva l or i z a c i 6n d e  l a  e s t ru c t ura s obre e l  Mon t (cu l o  I e n  e s t e  
t i empo . 

5 .  Conc l u s i one s f i na l e s . 

Se rec onoc i e ron l a s  p o s i b i l i da d e s  de cons ervar l a  e s truc tura 
s i tuada en e l  s e c t or A de l c entro c e remon i a l  de Cahuachi med i an t e  
l o s e s t ud i o s  de c ampo y de l abor a t or i o  en l o s  afto s 1 9 8 7  y 1 9 8 8 . 
Se r e c onstruy6 l a  t e cno l o g fa de f abr i c ar e l  l ad r i  1 1 0 s e c ado a l  
s o l , s e  preparo e l  mortero para re l l enar l o s hue c o s  en mur o s  que 
s e  ba s a  en margas de montmor i l l on i t a  t omada s  de l o s  l u gares 
v e c i n o s  a la e s t ru c t ura . AdemA s , s e  e l abor6 la t e cno l og i a  de l 
r e f or z am i ento pre l i m i nar de l a s supe r f i c i e s  de paredes que s e  
l l eva a c abo durante l o s t r abaj o s  de l a  c o n s e rva c i 6n con e l  
emp l e o de l a  emu l s i 6n acuAt i c a C o l a  S i nt e t i c a .  Para l a  
pre s ervac i 6n supe r f i c i a l  h i dr 6 f oba s e  emp l e 6 l a  emu l s i 6n acuAt i c a 
a c r i l fco-per f l uo r i t a  I m l ar CPC 1 1 75 T .  

N o  s e  hab i a  l o grado , h a s t a  l a  f e cha , obtener l a  t e cno l o g fa de 
r e f o r z ar e s t ru c t ura l mente ( a l  inter i or )  l o s  muros de adobe . E l  
mate r i a l  r e f o r z ador s e  c omponfa d e  l i mos d e  montmor i l l on i t a  y e n  
e l  l aborator i o  y a  s e  obt u v i eron l o s  r e s u l t ad o s  promet edores con 
e l  apoyo de l a s mue s t r a s  de morteros de ca o l i n i t a s . L o s  t rabaj o s  
van a cont i nu ar s e . 

B i b l i o gr a f i a  
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TABLA I 
Las prop i edades bAs i ca s  f i s i ca s  de l a s argama s a s . 
============================================================ 

No . compo s i c i 6n hi gro s co-
de l a s p i c i dad 
argama s a s  

den s i dad absorb i b i l i dad 
aparente gra v i m� t r i c a  
g/cm3 /�/ 

poros i dad 
abierta 
� - vo l .  

============================================================ 

1 1 :  2 4 . 1 1 .  7 8  1 3 . 7  2 4 . 4  

2 1 :  3 3 . 8  1 . 5  1 4 . 2  2 2 . 6  
============================================================ 

TABLA I I  

447 

Prop i edade s aco. s t i c as de l a s argam a s a s  med i das con u l  trasonido 
( rea l i z ado con la cabe z a  de 2 5  kHz ) 
============================================================ 

No . c ompo s i c i 6n I prop i edade s aco. s t i ca s  
1-------------------------------------------

1 

2 

de argama s a s I 
I 
I 
I 

1 :  2 

1 :  3 

ve l o c i dad de l a  
propagac i 6n de 
onda l ongi tu
d i n a l  km/ s  

1 .  5 2  

1 .  6 4  

i mpenden c i a  
d e  onda 
aco.s t i c a 
g/cm2 

2 . 7 1 x 1 0 5 

2 . 6 1 x 1 0 5 

m6du l o  
de Young 
N/m2 

4 . 1 1 x 1 0 3  

4 . 2 8 x 1 0 3  
============================================================ 

TABLA I I I  
Aumento de l a  masa de l a s muestras de l 
e xponer l a s a l a  rad i a c i 6n 

I m l ar C PC 1 1 7 5 T  a l  

N o  de 
mue s t ra 

1 

2 

3 

4 

5 

6 

prome d i o  

I � m despues de t d i as 
1---------------------------------------------
I 32 46 70 93 1 04 

1 .  5 9  1 .  6 6  1 .  2 3  1 .  3 0  1 .  5 5  

1 .  5 7  1 .  8 0  1 .  3 5  1 .  0 5  1 .  3 9  

1 .  7 4  1 .  8 3  1 .  5 5  1 . 1 9 1 .  7 4  

2 . 0 4 1 .  8 4  1 .  4 3  1 .  2 7  1 .  6 8  

1 .  9 4  2 . 0 3 1 .  6 2  1 .  5 3  1 .  8 0  

1 .  7 8  1 .  7 8  1 .  5 0  1 .  5 7  1 .  6 8  

1 .  7 8  1 .  8 2  1 .  45  1 .  3 2  1 .  6 4  
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TABLA IV 

Aument o de l a  ma s a  de l a s  

expone r l a s a l a  r ad i a c i 6 n . 
mue s t r a s  d e  C o l a  S i n t e t i c a 

============================================================ 

No . de I � m d e s p u � s  de t d i a s  
I ------------------------------------------____ _ 

mue s t r a  I 3 2  4 6  7 0  9 3  1 0 4  
============================================================ 

1 4 . 5 2 6 . 8 6 1 1 .  7 0  1 4 . 5 1 1 6 . 3 0 

2 4 . 0 1 5 . 8 7 1 0 . 8 6 

3 5 . 0 5 7 . 3 9 1 1 . 9 8 

4 4 . 5 2 6 . 7 1 1 1 . 2 4 

prome d i o  4 . 5 3 6 . 7 1 1 1 . 4 5 1 4 . 5 1 1 6 . 3 0 
============================================================ 

TABLA V 

Dur e z a  de supe r f i c i e  de l o s  re cubr i m i ent o s  
dependen c i a  de l t i empo de l a  r ad i a c i 6n 

e s tu d i ad o s  

=========================================================== 

t i empo d e  I dur e z a  de supe r f i c i e  
I ----------------------------------------

r ad i a c i 6n / d i a s /  I I m l ar CPC 1 1 7 5 T  C o l a  S i nt e t i c a 
=========================================================== 

o . 0 6 . 3 1 

2 0  . 0 6 . 4 0 

3 0  . 0 6 . 4 0 

4 8  . 0 6 . 4 1  

5 7  . 0 6 . 45 

7 6  . 0 6 . 4 4 
=========================================================== 

a l  

en 



ABSTRACT 

In the l as t  30 years the 
uncovered mud br i ck 
structures at Abus i r  have 
started to deteri orat e . Ra i n  
i s  be l i eved t o  b e  the ma i n  
cause o f  decay a s  we l l  as 
w i nd abras i on . Prese rva t i on 
of these mud br i ck comp l exes 
has been carr i ed out i n  
c o l l abora t i on w i th the 
Egypt i an Ant i qu i ty Orga n i za
t i on .  Unt i l  roo f i ng can be 
i nsta l l ed , the most 
important areas such as the 
s l aughterhouse in the Rane fe
re f ' s  comp l ex wi l l  be 
cons o l i dated by acry l i c  co
po l ymers ( Para l o i d  B72 and 
KP- l ak 709 ) and hydropho 
bized by s i  I dxanes ( Wa cker H 
and S i l g e l  JHM 2 0 ) . The 
d i f f erent i a l  therma l ana ly
s i s  and thermogravimetry 
reve a l ed that the 
compos i t i on of mud br i cks of 
5th and 26th Dynasty are 
very s imi l ar in c l ay mi nera l 
content but d i f f er s i gn i f i 
cant ly from the recent mud 
br i cks i n  the reg i on . The 
nearby Aswan H i gh Dam pre
vents f l ood i ng in the reg i on 
and thus the l ong-term equ i 
l i br i um i n  mud compos i t ion 
has changed recent l y .  

KEYWORDS 

Mud br i ck comp l exes ,  Abus i r , 
conserva t i on ,  c l ay compos i 
t i on ,  DTA/TG ana l ys i s ,  
earthen arch i t e cture . 

ABU S I R 
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30 0 m 

F ig. 1 Map of anc i ent 
Egypt i an monuments a t  Abus i r  
1 -pyrami d  of Ne f e r i rkare , 2-
pyrami d  of Novoserre , 3-pyra
m i d  of Sahure , 4-pyram i d  
comp l ex o f  Rane f ere f ,  5-pYr
amid comp l ex of Khentkaus , 
6-sh a f t  tomb of Ud j ahorres
net , 7-mastaba of P t ahshep
ses , 8-un f i n i shed pyramid . 
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OUTLINE OF MUD BRICK STRUCTURES CONSERVATION AT ABUS I R ,  EGYPT 
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Pohore l e c  2 2 ,  1 1 8 00 Prague 1 
Cze chos l ovak i a  

I ntroduct i on 

449 

The branch of the Czechos l ovak Inst i tute of Egypt o l ogy i n  Ca i ro 
was estab l i shed i n  1 959 and soon ga i ned re cogn i t i on i n  Egypt 
i t se l f . Research at that t ime started at Abus i r  ( se e  f i g . 1 )  around 
20 km south of G i za in the area of the great tomb of Ptahshepses , 
the v i z i er of the 5th Dynasty . A l imi ted pro j e c t  had a l ready been 
carr i ed out here by a German exped i t ion at the beg i n n i ng of the 
century , but the excava t i on was not comp l eted unt i l the mid-1970s 
by the Cze chs . I n  add i t ion to th i s  work , severa l exped i t i ons 
dur i ng the 1 960s a l so t ook part in UNESCO ' s  I nt erna t i ona l Campa ign 
to Save Monuments i n  Nub i a . I n  1 97 6 , the bu l k  of f i e l d  work moved 
to the Abus i r  Southern F i e l d  wh i ch was ass i gned to the 
Cze chos l ovak Inst i tute o f  Egypt o l ogy by the Egypt i an Ant i qu i ty 
Organ i zat i on . 

By 1 98 0 , the l arge rectangu l ar structure c l ose to the 
southern s i de o f  the pyrami d  o f  Ne f e r i rkare ( 5th Dynasty ) had been 
uncovered and des i gnated as be l ong i ng t o  the Ne f e r i rkare ' s  w i f e  
Quee n  Khe ntkaus ( see f i g .  2 ) . The construct i on o,f the structure 
was f i n i shed dur i ng the ru l e  of Neuserre , the younger son o f  
Ne f e r i rkare , who cont i nuous l y  used cheaper mater i a l  l i ke mud 
br i cks rather than l imes t one . The other pyrami d  comp l ex next t o  
t h e  Khentkaus ' was that o f  Rane fere f , t h e  o l de s t  s o n  of 
Ne f e r i rkare , excavated up to 1 982 and a l most exc l us ive ly made o f  
mud br i cks ( see f i g .  3 ) . The outstand i ng f i nd i ng w i t h i n  th i s  
comp l ex was the s l aughterhouse ( Sanctuary o f  the Kni f e ) w i th mud 
br i c k  wa l l s 6 0  cm to 1 m th i ck with four rounded corners . Here the 
of f er i ng anima l s  were s l aughtered , quartered and pos s i b l y  ski nned 
( see f i g . 4 )  01 . 

A l so i n  1 982 , excava t i on of the sha f t  t omb approxi mate ly 5 0 0  
m S W  of t h e  above-ment i oned pyramid comp l exes w a s  begun ( see f i gs . 
1 and 2 ) . Recent l y ,  a bur i a l  chamber w i th doub l e  sarcophagus of 
l imestone and bas a l t  was uncovered . The i ns cr i pt i ons c l ea r l y  
i nd i cated that t h e  s h a f t  tomb be l onged to Ud j ahorresnet ,  a 
we l l -known " dark " personage of the l at e  26th Dynas ty ,  who has been 
suspected of c a l cu l ated opportun i sm ,  treachery and co l l abora t i on 
with Pers i a n  conquerors [ 2 1 . 

A l l the uncovered mud br i ck masonry of the ob j ects prev i ous ly 
ment i oned ( i nc l ud i ng sma l l er ones l i ke the Mastaba of Pr i nce 
Neserkauhor or mud br i ck wa l l s by Mastaba o f  Khekeret nebty ) 
started to deteri orate immed i ate ly a f ter exposure to weather i ng .  
The ra i ns , even whe n  rare i n  the are a , me l ted the upper one or two 
br i ck l ayers wh i ch formed a crust at the very surface . A 
pu l ve r i zed mass w i th s ome empty spaces l ay beneath t h i s  crus t . The 
vert i c a l  surfaces eroded mos t ly w i t h i n  the j o i nt s  of br i cks and i n  
some p l ac e s  the remnants o f  p l aster pee l ed o f f . The other eros i on 
factor was abra s i on due to w i nd and sand part i c l es ;  deteri orat i on 
due to r i s i ng damp s eemed to be m i n ima l . I t  was c l ear that 
conservat i on o f  at l east s e l e c t ed parts o f  the masonry was 
urgent l y  needed . The State Inst i tute f or Restorat i on in Prague was 
i nv i ted to c o l l aborate i n  establ i sh i ng a pro j e c t  to stabi l i ze the 

mud br i ck structures . 

Observ i ng the s i tuat i on i n  s i t u ,  i t  has been evi dent that 
th�re cou l d  be o n l y  two u l t imate s o l ut i ons to the prob l em :  to 
bU I l d  a roof cover i ng the structures ent ire l y  or t o  bury them i n  
the Sahara s and . The number o f  wa l l s and the i r  sur f a ce i s  s o  huge 
that I t  �ou l d  be impos s i b l e  to conserve them f u l l y . In the same 
way bury I ng the structures i s  equa l l y imposs i b l e ,  because i n  
accordance w i th the ideas o f  t h e  Egypt i an Ant i qu i ty Organ i zat i on ,  
the who l e  Abus i r  pyrami d  comp l ex i s  t o  be ope ned t o  the pub l i c  i n  
the future . I t  was there fore de c i ded t o  l aunch a pro j e c t  t o  roof 
the Rane fere f ' s  mud br i ck comp l ex .  S i nce th i s  cou l d  t ake severa l 
years , another pro j e c t  was dev i s ed wh i ch a l l owed f or the se l e c t i ve 
conserva t i on of the most s i gn i f i cant parts ( such as vau l t s  or 
remnants o� p l aster ) wh i ch c ou l d  be protected aga i ns t  further 
deter I orat I on . Th i s  wou l d  preserve the se l e c t ed areas for the next 
decade be f ore the roo f i ng can be bu i l t . 
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F ig. 2 V i ew of Khentkaus ' 
comp l ex from the Ne fer i rka
re ' s  pyrami d  w i th the D j oser 
step-pyrami d  i n  the 
ba ckround . 

Experimenta l 

A deta i l ed study was carr i ed out on the qua l i ty of mud br i cks , 
the i r  d i me ns i ons and the k i nds of br i ck masonry . The br i cks are 
qu i t e homogeneous as far as the part i c l es are concerned , w i th the 
l argest gra i ns on average not exceed i ng 1 . 2  mm . Wi th the except i on 
of the upper br i ck l ayers , the mud br i cks i n  genera l were i n  good 
shape and su f f i c i e nt ly hard . There were pr imar i l y two s i zes of mud 
br i cks : 27-29 x 1 3  x 8-9 cm and 33 x 1 6  x 1 1  cm , resp . The 
techn i que of br i ckwork ac cord i ng to Spencer ' s  c l ass i f i ca t i on ( 31 
cou l d  be a s c r i bed as A3 or A4 wi th vau l ts FD1 . 

Two bas i c  types of conservat i on mater i a l  were chosen for 
carry i ng out exper iments in mud br i ck conso l i dat i on and 
hydrophobi zat i on and for tests in s i tu :  acry l i c  copo l ymers , 
because of the i r  stabi l i ty aga i nst wat er and UV-rays , and 
methy l a l koxys i l anes , because of the i r  l ong-term hydrophob i za t i on 
e f fect and expected durab i l i ty i n  severe c l imate . 

The acry l i c  products tested were Para l o i d  B72 ( R )  ( copo lymer 
ethy l methacry l ate-methy l acry l ate ) ,  and KP- l ak 709 fy VUSLP , 
Czechos l ovak i a  ( copo lymer methy lmetha cry l ate-buty l acry l ate ) .  The 
s i l oxane products were Ste i nverfest i ger Wacker OH ( R ) , and S i l ge l  
JHM 20 fy UTZCHT CSAV , Czechos l ovak i a  ( o l i gomer i c  
methy l a l koxys i l ane , 2 0  % i n  t o l uene-a cetone mi xture ) . 

To impregnate mud br i cks requ i res a proper techno l ogy that 
can guarantee a depth of penetrat i on of severa l cent imeters ; a key 
po i nt in the treatment is the type of s o l vent system . It was 
proved that a l l k i nds of po l ar so l vents such as water , a l coho l s ,  
and acetone are qu i ck ly absorbed by c l ay mi nera l s  i n  mud br i ck ,  
caus i ng i t  t o  decay rap i d l y due t o  expans i on . Th i s  i s  a ctua l ly the 
pr i nc i p l e  of the ma i n  deter i orat i on process occuri ng in mud br i ck 
structures i n  the open a i r  at Abus i r .  On the other hand , nonpo l ar 
s o l vents such as t o l uene or xy l ene proved to be comp l ete l y  safe 
f or mud br i ck .  Eventua l ly xy l ene was used be cause o f  i t s  l ower 
evaporat i on rate ( b . p .  140°C ) as the on l y  s o l vent f or a l l k i nds 
o f  treatments in wh i ch the acry l i c products were app l i ed for deep 
conso l i dat i on .  The s i Loxanes f or hydrophob i zat i on were used wi th 
acetone as a part o f  so l vent sys tem ;  this was carr i ed out o n l y  on 
pre conso l i dated sur f a ces by acry l i c  copo lymers and by rap i d  
brush i ng to prevent the deep penetra t i on o f  hydrophob i za t i on 
means . 

A l l the mud br i ck structures at Abus i r  Southern F i e l d  except 
that of the sha f t  tomb o f  Ud j ahorresnet date from the 5th Dynasty ; 
the l atter date from the 26th Dynasty - a d i f f erence of a lmost 
2000 y�a�s .  It was there fore i nterest i ng to i nves t i ga t e  the 
compos l t l on of mud bri cks , s i nce i n  the underground of the sha f t  
tomb mud br i cks were a l so used for b l ock i ng the room system . 
E l ementa l  chemi c a l  ana l ys i s  was not very product i ve and showed 
on �y s imi l ar compos i t i on of Ca , Mg , Al and S i  i n  part i cu l ar mud 
br l c� samp l es . The X-ray d i f frac t i on i n  a l l  the samp l es 
qua l l t a t l ve l y determined the c l ay mi nera l s  l i ke i l l i te or 



Fig. 3 V i ew of Rane fere f ' s  
mud br i ck comp l ex ;  to the 
top r i ght of the v i ew the 
sha f t  tomb of Ud j ahorresnet . 

F ig .  4 Rane fere f ' s  comp l ex ,  

a part o f  s l aughterhouse 

w i th remnants of p l aster. 
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montmor i l l on i t e  as we l l  as gypsum and traces of c a l c i t e . Thus , a 
method of " f i nger pr i nt i ng "  i n  wh i ch the standard i zed samp l es 
c ou l d  be compared was sought . The c l as s i c a l  I R-spectroscopy was 
f ound to be unhe l p f u l  s i nce the spectra by KBr-techni que were 
p l a i n  wi thout spec i a l  peaks . The s imu l taneous measurements by 
d i f f erent i a l  therma l ana lys i s  ( DTA ) and thermogravimetry ( TG )  was 
f i na l l y f ound to be use fu l s i nce i t  enab l ed the assessment 
quant i tat ive ly of the amount and type of c l ay mi nera l s ,  and in the 
case of recent mud br i cks a l so revea l ed the presence of orga n i c  
mater i a l s .  Both DTA and TG t e chn i ques are based o n  f o l l ow i ng the 
behavi our of s amp l e  in cont i nuous l y  i ncreas i ng t emperature , i n  
t h i s  part i cu l ar case i n  the reg i o n  from 1 0 0  t o  900 °C . 

The samp l es for DTA/TG ana l ys i s  were homogen i zed from a dozen 
probes and removed stat i s t i ca l l y so as to represent the who l e  
masonry . I n i t i a l  resu l ts showed that the compos i t i on o f  mud br i cks 
trom the t ime of 5th and those of 26th Dynasty are very s imi l ar .  
There fore , the idea arose o f  compar i ng them wi th recent mud br i cks 
used i n  the masonry of t oday ' s  Abus i r  v i l l age . The pyrami d  
comp l exes and the Abus i r  v i l l age are name ly so c l ose to each other 
( about 1 kID) that the source of mud f or mud br i cks probab l y  i s  
from the very near N i l e  channe l s .  A NETZSCH STA 409 DTA/TG 
i nstrument was used i n  a l l the measurements . I n  genera l .  50 
samp l es ( each about 50 - 7 0  g) were removed at a depth of severa l 
cent imeters from the masonry , homogen i zed by a pu l veri zer and then 
measured as an average standard samp l e . The sma l l  stones and other 
part i c l e s  l arger than 2-3 mm were removed dur i ng predri l l i ng so as 
not t o  i n f l uence the DTA/TG ana l ys i s  o f  or i g i n a l  mater i a l . 

Resu l ts 

From the beg i n n i ng i t  was cons i dered that i f  deep penetra t i on i s  
from the po i nt o f  v i ew o f  mud br i ck conso l i dat ion necessary then 
only acry l i cs wou l d  be used s i nce they have bet ter b i nd i ng 
pr�pert i es compared with s i l oxanes . They can then supp ly the mud 
br I ck w i th the mi ss i ng or decayed net structures wh i ch or i g i na l l y 
were based mos t l y  on c l ay and a phys i c a l bond of chopped straw or 
ha i r . The compres s i ve strength of acry l i c  mater i a l s  i s  grea ter 
than that of s i l oxane ones but by penetra t i on of acry l i cs i nto a 
depth of severa l cent imeters there were never found any cracks or 
deforma t i on of mud br i cks . 
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The exact measurements of the depth of penetrat i on of the 
conservat i o n  products was carr i ed out on mud bri ck s amp l e s  p l aced 
i n  a so l ut i on with a constant depth l eve l of 1 cm . The penetrat i on 
over t ime of pure s o l vents and of s o l ut i ons with d i f ferent 
concentrat i ons was f o l l owed v i sua l l y as it was q u i t e  s imp l e  to 
d i s t i ngu i s h  the darker zone of the penetrated part o f  br i ck .  The 
resu l ts c l early showed that the penetra t i on o f  a�ry l i c  product i n  
concentra t i ons u p  t o  5 % i n  xy l ene reaches the depth o f  1 0  - 1 2  cm 
i n  about 30 mi nutes . Para l o i d  B72 penetrated i n  the same 
concentra t i on more eas i l y  than KP- l ak 7 0 9 , and the 2 % 
concentrat i ons of both products penetrated qui cker and deeper than 
those of 5 % . On the cross sect i ons it was poss i b l e  to d i s t i ngu i sh 
the zone of penetrat i on from the surface about 2 em i n  area that 
was enri ched in acry l i c  polymers , apparent ly due t o  the 
chromatographi c separat i on o f  the p o l ymer mo l e c u l e s  on c l ay .  The 
i nves t i gat i on for hardness neverthe l ess showed that the acry l i c  
compounds were transported t o  some extent u p  t o  the f arthest p o i nt 
with xy l ene as a so l vent . These experiments y i e l ded i n forma t i on 
about the opt i ma l  concentrat i ons of impregnat i on s o l ut i ons f or mud 
br i cks , as we l l  as for readher i ng the remnants of p l aster to mud 
bri ck underground . 

The DTA/TG measurements revea l ed i nterest i ng resu l ts wh i ch 
are summa r i zed i n  f i g . 5 - 8 .  As can be seen from the DTA/TG , 
resu l ts of br i cks from the Khentkaus ' and Rane fere f ' s  comp l exes 
are very s imi l ar to the mud br i cks o f  the sha ft tomb of 
Udjahorresnet whi ch is actua l l y a lmost 2000 years more recent ( 6th 
ce"ntury B . C . ) .  The spectra c l ear ly prove that the bas i c  mater i a l  
o f  mud br i cks i s  c l ay ,  s i nce the peak o f  580 °C can be 
i nterpreted as the dehydroxy l at i on of c l ay such as i l l i te and 
those of 750 °C as changes i n  montmor i l l on i t e . The peak of 1 5 0  
°C c a n  b e  ascr i bed t o  gypsum . The sma l l  sh i f t s  i n  peak pos i t i ons 
are probably caused by part i a l  decompos i t ion of i nd i vidua l c l ay 
m i nera l s . No exothermi c peaks i n  the DTA/TG ana l ys i s  of anc i ent 
br i cks were observed . wh i ch i nd i cates that a l l the or i g i na l l y used 
organi c  mater i a l s ,  chopped straw , ha i r  or even hum i c  c ompounds 
were f u l ly degradated . 

On the other hand , the DTA/TG ana l ys i s  of the standard i zed 
samp l e  of mud br i ck made in the recent two decades show a 
fundame nt a l  d i f ference ( compare f i g . 8 w i th f i g . 5 .  6 ,  and 7 ,  
resp . ) .  These mud br i cks s t i l l  cont a i n  the organ i c  parts even when 
the macros cop i c  part i c l e - l i ke straw were removed be fore 
pu l ver i z i ng the samp l e s  ( the exotherm i c  peaks of 240 . 4  and 381 . 9  
°C ) . The other d i f ference i s  i n  the peak o f  789 . 0  °C wh i ch can be 
attr i buted to some other c l ay mi nera l wh i ch had not been present 
in anc ient muds . 
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F ig. 7 The DTA/TG ana l ys i s  of mud br i cks from the sha f t  tomb o f  
Ud j ahorresnet 
( a i r  atmosphere / 1 00 ml /mi n / . samp l e  206 . 64 mg . TG 250 

mg . DTA 500 �V . Netzsch STA 409 ) . 
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F ig. 6 The DTA/TG ana l ys i s  o f  mud br i cks from comp l ex o f  
Rane fere f 

F ig. 8 

( a i r  atmosphere 1 1 0 0  ml /mi n / . samp l e  1 6 1 . 44 mg . TG 250 
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Conc l us i on 

The uncovered mud br i ck monuments of 5th Dynasty at Abus i r  
urgent l y  need conserva t i o n  treatment . a t  l east for the most 
important sect i ons . A pro j e ct to roof the comp l ex of Rane feref has 
been proposed by the Czechos l ovak I nst i tute of Egypt o l ogy and the 
Egypt i an Ant i q u i ty Organ i zat i on .  In the meant ime and on the bas i s  
o f  the research descr i bed i n  t h i s  paper . cert a i n  areas were chosen 
for impregnat ion of the masonry . Para l o i d  B72 ( 5  % in xy l ene )  or 
KP- I ak 709 ( 5  % in xy l e ne ) were used for tests in s i tu .  They were 
app l i ed by brush and penetrated to a minimum depth of 5 7 cm . 
Th i s  was done on hor i zonta l upper surfaces and on vert i ca l  areas 
of wa l l s .  After a week . the conso l i dated surfaces were 
hydrophobi zed by Wacker OH ( R )  and by S i l ge l  JHM 20 ( 20 % in t o l u
ene-acetone mi xture ) .  The hydrophobi zat i on was aga i n  carr i ed out 
by brush i ng .  It can be expected that the hydro lys i s  and 
p o l ymer i zat i on of s i l oxanes cou l d  be negat ive l y  i nh i b i ted i n  the 
very dry cond i t i ons of the Saharan c l imat e . and therefore 2 m l  of 
d i st i l l ed water was added to the s i l oxane so lut i ons be f ore 
app l i c at i on . 

The test areas wi l l  be kept under surve i l l ance f or at l east 
three years and if the resu l ts are favourab l e  the same treatment 
wi l l  be extended to the other most s i gn i f i cant parts of masonry . 
The e f f�ct of hydrophobi zat i on a fter a lmost one month was 
neverthe l ess st i l l  very h igh and i t  was not poss i b l e  to 
deter i orate the treated sur f a ce even w i th h i gh amounts of water . 
I n  some areas at the s l aughterhouse in the Rane fere f ' s  pyramid 
comp l ex such a treated upper surface was covered by two l ayers o f  
fresh l y  made mud br i cks separated by straw f r om  the anc i ent ones . 
I n  that case a part of hydrau l i c l ime in proport i on o f  1 0  % was 
added to enhance the durabi l i ty of new br i cks aga i nst ra i n .  The 
method was chosen as an eth i ca l l y poss i b l e  s o l ut i on wh i ch exc l udes 
the use of d i f f erent mater i a l s  such as concrete p l ates . 

The remnants of p l aster were f i xed to the mud br i ck 
709 . 7 % i n  xy l ene . In t h i s  case the so l u t i on was put 
backround of the p l aster through sma l l  ho l es of 2 mm 
us i ng syr i nge need l es . The p l aster was a l so conso l i dated 
s o l ut i on of KP- I ak 709 in xy l ene �1 . 

by KP- I ak 
i nto the 

d i ameter 
by 3 % 

The i nves t i gat i on of mud br i ck compos i t i on by d i f f erent i a l  
therma l ana l ys i s  and thermogravimetry revea l ed that the anc i ent 
mud br i ck in the area is composed of very s imi l ar mud whether the 
mud br i cks come from the 5th or 26th Dynasty . These mud br i cks 
d i f fer neverthe l ess strong l y  from the recent ones used w i t h i n  the 
reg i on . It is perhaps poss i b l e  that the Aswan Hi gh Dam caused the 
sudden change i n  c l ay mi nera l s  in today ' s  mud in the nearest N i l e  
channe l .  
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ABSTRACT 

A methodological scheme 
for the conservation and 
restoration of earthen 
structures is proposed ; 
two case reports are 
presented . 

The first case 
analyzed , the Hospital 
San Juan de Dios , 
provides the basis for 
our proposal for 
restoring the Church of 
Inmaculda Concepcion of 
Tumbaco . 

This methodology 
encompasses the study of 
physical environmental 
elements , historical 
research . Detai led 
photographic 
documentation provides a 
thorough knowledge of �he 
monument and guarantees 
an adequate practical 
approach . 
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AN INTERVENTION METHODOLOGY PROPOSAL FOR THE CONSERVATION AND 
RESTORATION OF EARTHEN ARCHITECTURE 

Ruth Marcela Aleman Andrade 
Diego Vaca de la Vega No . 3 2 7  
Quito , Ecuador 
South America 

Introduction 

Two case reports are presented : The first is the Hospital San 
Juan de Dios built in the historical center of Quito . 

457 

The intervention proposal ,  methodology , and execution of the 
work done by engineer Mario Moran on the mud brick wal l  of the 
southern ward is analyzed . The second case , the Church o f  
Inmaculda conception of Tumbaco , w i l l  b e  used a s  a model for our 
proposal ( see f igs . 1 and 2 )  . 

Historical Summary of the Hospital San Juan de Dios and 
Intervention 

This hospital was built original ly in 1565 and has undergone 
repeated transformations since that time . In 1 9 7 3  the roof of 
the southern ward collapsed as a consequence of malpractice , and 
this led to evacuation in 1 97 4 . In 1975-1977 ,  a proposal was 
presented for restoring the structure to provide new use for the 
hospital , but the work was only partially completed . 

Historical research revealed that the southern and western 
wards belonged to the original primitive structure . The 
earthquake of 5 March 1987 , which affected the historical center 
of Quito , severely damaged the arch of the church , the bel l  
tower, and the mud brick wal l  o f  the southern ward o f  the 
hospital . 

Engineer Mario Moran was in charge of the restoration . He 
analyzed the old structure , taking into account the past 
earthquakes in the area of Quito , the vulnerability of the wall  
which exhibited cracks of various depths , the compressive 
strength , the physical characteristics of the mud brick and 
mortar ,  the resistance of the soil , the depth of the foundations . 
This research led to the conslusion that aged material with a 
resistance loss of 7 0 %  must be replaced by new material with 
similar or improved physical mechanical characteristics . 

Engineer Moran proposed the use of micropilots piercing the 
wal l  and anchored to an iron net on the wal l  surface . The goal 
was to consol idate the wal l  in order to guarantee its stability . 
The iron net was adhered to the irregular wal l  surface by means 
of rendering composed of cement , sand , and small stones . 

This proposal rested on the hypothesis that the wal l  system 
would recover its resistance and stabil ity by being tightly 
enclosed . This methodology was based on the structural analysis 
as an approach to solving a specific problem :  the lack of wal l  
cohesion derived from its building material , mud brick ; i t  may 
prove useful in other similar situations . But architectural 
restoration is aimed at preserving structures and reveal ing the 
aesthetic and historic value of the monument and is based on 
respect for the original material ( 1 ) . Wherever the traditional 
setting exists , it must be kept . In the course of any 
intervention , these values should prevai l  over technology . 

The conservation and restoration of monuments must have 
recourse to all  that science and technology can contribute to the 
study and safeguarding of architectural heritage ( 1 ) . Also , an 
adequate methodological approach must be considered in order to 
guarantee an adequate intervention in earthen buildings . 

Proposal for the application of a new intervention methodology in 
the Church of Inmaculada Conception of Tumbaco 

Analysis 

1 .  Study of the environment : atmospheric agents (climate, 
temperature , direction of wind , solar exposure , intensity of the 
rain) , geographic characteristics of the area ( geomorphology , 
geology) , seismic activity . 
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It is also important to obtain information about the urban 
area and the traditional techniques and workmanship available . 

The Church of Tumbaco is situated in the province o f  
Pichinch , a t  2 . 3 3 5  meters above sea level , 6 kilometers from 
Quito . This area corresponds to equatorial isothermic cl imate 
with a mean temperature of 10-2 0 ·  C ,  relative humidity of 65 to 
85 percent and the pluviometry of 1 , 3 00 to 2 , 00 0  mm/year , the 
hydric resource for the region averages 2 0  to 3 0  l/sqJKm ( 3 0 % ) . 
Geology is characterized by quaternary volcanic formation of 
pyroclastic material known as "cangahua" ( 2 ) . 

The development and modernization of Quito has a ffected 
Tumbaco by altering the vernacular architecture and the rural 
network . The use o f  new materials and the creation of structures 
in which mud brick is replaced by brick and roof tiles by z ing 
plates provides evidence of this transformation . 

2 .  Historical research : written and iconographic documents 
concerning the monument from archives or artistic l iterature , 
including the restorations performed , establ ish the chronology -of 
the monument . 

The Church of Inmaculda Concepcion of Tumbaco was built in 
the second hal f  o f  the sixteenth century . The bel l  tower was 
probably erected in 1 8 3 3 ,  and the chapel fo the Order of 
Franciscans , built between 1 8 6 0  and 188 5 ,  is lacking information 
until the second hal f  of this century . The parish house ,  
probably from the same time a s  the bell tower, was destroyed due 
to urban transformation ( 1954-1979 ) ,  and later the church was 
abandoned ( 19 7 9 - 1 9 8 3 ) .  The new church was built during that 
period , as wel l  as a sport court with stone steps two meters high 
discharging on the back mud brick wal l .  

The complete restoration o f  the chapel o f  the Third Order of 
Franciscans was performed bewtween 1983 and 198 5 .  Traditional 
systems and materials were used , and it resisted two earthquakes 
that severly damaged the church . During this period the new roof 
of the church collapsed � part of the apse and sacristy , as wel l  
a s  the dividing wall ,  were exposed t o  rain . 

A temporary roof was built as a solution to this problem .  
This structure aimed t o  protect the mud brick wal l s  covering 
approximately 2 7 0  square meters . The bell tower was damaged by 
the earthquake of 1987 but was rebuilt . In 1988 the church lost 
the old roo f  over the choir . 

3 .  Study o f  the building and present situation : A 
knowledge of the building is essential to determine the causes of 
the deterioration and to evaluate their effects . It should 
include the following steps : 

- Temporary protection ( cleaning , fumigation , support , 
inspection of drainage , plumbing and electrical systems ) .  
- Scale drawing (topographic plans , elevations , sections , 
etc . ) 
- Study of traditional designs and guidel ines . 
- structural deterioration ( cracks and seismic 
vulnerab i l ity , buckl ing , collapse , shrinkage cracks) 
- Analysis of the resistance of material s ,  mechanics of 
soil s ,  physical and chemical properties of the material s . 
- Archeological research ( depth and qual ity o f  basements , 
original level of the floor , determination of old 
foundation ) . 
- The elements of the building should be analyzed : wal l  
(plasters , mural paintings , humidity , type o f  window 
openings , door type ) , floor ( qual ity , old designs ) ,  roof 
( cover type , overhang , gutters) .  All these data need 
photogrpahic documentation . Environmental and historical 
studies must also be taken into account . ( 3 ) 
Present s ituation of the Church of Tumbaco : The church has 

a long main nave with a polygon apse and a magnificent inner 
space 59 meters in length by 8 . 60 meters width and an interior 
height of approximately 7 meters . The sacristy is perpendicular 
to the apse � it measures 7 . 60 meters by 8 . 00 meters by 4 . 00 
meters and at present serves as the debris cel lar. The 
bapistery , s ituated perpendicular to the choir and probably 
similar in size to the sacristy , has disappeared . 
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The church masonry has a thickness of 1 . 80 meters and is 
made of mud brick and plaster . The masonry of the sacristy , made 
of the same material , has a thickness of 1 meter . The posterior 
wal l  of the church has severe damage in three places . A 13 meter 
section was destroyed by the apse wal l  collapse ; it corresponds 
to the dividing wal l  between apse and sacristy . The collapse of 
the choir roof ( caused by the 1988 earthquake) damaged the 
masonry . And , the introduction of the stone steps interfered 
with drainage , causing erosion in part of the wall .  

Only 7 out of 1 0  windows , specially designed to facil itate 
drainage of rain,  are preserved . 

Access to the church is through a main entrance with a brick 
porta l ,  consol idated by a previous restoration and now partially 
damaged as a result of wind erosion , and a side door . 

I n  order to diminish erosion of the wal l  by rain , the church 
has a special system consisting of two rows of diagonal brick 
arranged on top of the wal l .  

Emergency intervention in 1988 : As a result o f  the April 
1988 earthquake , the church lost the choir roof and consequently 
the mud brick wal l  was exposed directly to rain . 

The f irst action was aimed at covering the building with a 
temporary roo f .  The second action was the removal of debris . 
The third was the support of both sides of the back wall ,  while 
the forth action involved covering the outside surface with 
plastic bands f ixed to the top of the wal l .  

Two years later , the plastic bands have disappeared ; the 
support of the external wal l  was removed ; some z inc plates are 
loose or broken.  This temporary structure can ' t  stand 
indefinitely . 

Conclusion 

The proposed methodology is useful for the analysis of this 
monument . 

First , an accurate knowledge of the historical aesthetic and 
building values ensures comprehension of its unique quality and 
how different causes could produce the present deterioration . 

The second step will encompass the formulation of a series 
of alternative proposals to find out ( a fter laboratory and f ield 
experiments) the best treatment approach . 

Following the scientific method , the chosen proposal must be 
subj ected to further experimentation and analysis and prove to be 
the best solution for the problem .  

U p  t o  now restoration of earthen architecture has taken into 
account : 
- The use of a single material ,  earth 
- Building systems using traditional workmanship . Other 
materials are included only if they are compatible with 
earthen materials . 

But these trends do not preclude the incorporation of new 
alternatives to face the specific problems of restoration of this 
type of building . 
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ABSTRACT 

A cri tical evaluation of 
international recommenda
tions for the preservation 
of the earthen architec
tural heritage , the often 
l imited implementation of 
such guide l i ne s ,  and an 
i ncreased awarene s s  of the 
measure s required to ensure 
the safeguard of thi s 
heri tage have called for 
the formulation of a 
comprehensive plan i n  thi s 
domain . 
Five years of collaboration 
between CRATerre-EAG and 
ICCROM have resulted in an 
i ntegrated proposal for 
j oint activities in train
ing ,  research, documenta
tion, development of didac
tic material/standard s ,  and 
technical cooperation . .  
Thi s  paper presents a 
summary of the long-term 
proj ect planned by 
CRATerre-EAG and ICCROM i n  
fulfi lment of their 
i nternational roles . 

CRATerre : The I nternational 
Centre for Earth Cons truc
tion . 

EAG : l ' Ecole d ' Archi tecture 
de Grenoble .  

ICCROM : The I nternational 
Centre for the Study of the 
Preservation and the Re
storation of Cul tural 
Property . 
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Twenty years ago , the first international concerns about the need 
to preserve the world ' s  earthen archi tectural heritage were 
expres sed in the City of Yazd,  Iran [ 1 ] . S ince then , a recommen
dation to organize speciali zed training in the field was approved 
in Lima , Peru [ 2 ] , and a concrete commitment to face thi s task 
was undertaken in 1 9 8 7  by ICCROM and CRATerre in Rome , I taly [ 3 ] . 
Last year,  a formal agreement for continuous activi ty i n  
training,  research,  documentation and technical cooperation i n  
thi s  matter was s igned b y  the Directors o f  ICCROM, CRATerre and 
the School of Architecture of Grenoble [ 4 ] . 

The se 2 0  years - and certainly many more of unrecorded efforts 
- constitute a very rich proce s s  that leads to the present 
proj ect which must be placed in the context of s i lent efforts for 
the gradual recognition of value s in specific cul tural expres
s ions . For thei r  contributions to thi s proce s s ,  mention is due 
to Prof . Pi ero Gazzola , who i n  the early seventi e s ,  a s  Pre sident 
of the I talian Icomos National Committee,  played a significant 
rol e in promoting concern for this field,  and to Prof . Giorgio 
Torraca , sci enti st,  former Deputy Director of ICCROM, who wa s 
active through the seventi es and early eightie s  i n  coordi nating 
i nternational exchange of i nformation oriented towards the 
preservation of the earthen architectural heritage . 

Following the se i nitiative s ,  the past decade has seen ICCROM 
actively involved in promoting the development of activities in  
the field . These include our contributions to the meeting 
organi sed i n  Ankara , Turkey i n  1 9 8 0  [ 5 ] , the organi sation of the 
meeting i n  Lima , Tru j illo and Cusco ,  Peru i n  1 9 8 3 ,  the j oi ntly
organized ICCROM/CRATerre meeting of Rome in 1 9 8 7 ,  and the 
gradual exchange of experience s in the context of the CEAA-Terre 
of the School of Archi tecture of Grenoble and CRATerre . 

Neverthel e s s ,  a critical evaluation of the implementation of 
i nternational recommendations for the preservation of the earthen 
archi tectural heritage has requi red the formulation of a 
comprehens ive plan - The Gaia Pro j ect [ Ge or Gaia ( myth . ) :  the 
goddess Earth ] - i ncluding activi ties consonant with ICCROM ' s  
four statutory functions in  this domain . 

Thi s  paper outl ines ICCROM/CRATerre/EAG ' s  five-year plan in 
the field of preservation of earthen architecture . 

Background situation 

The i nternational recommendations approved from 1 9 7 2  to 1 9 8 7  ( s ee 
Appendix 1 ) , reflect the thoughts and concerns at various time s 
regarding the need for specific activi ties i n  the field . Yazd 
( 1 9 7 2 )  and Yazd ( 1 9 7 6 )  [ 6 ] ,  may be seen a s  the first systematic 
attempts to characterize the earthen archi tectural heri tage and 
to outline preliminary recommendations for its preservation . The 
interim meeting in Santa Fe,  New Mexico ( 1 9 7 7 )  [ 7 ]  clearly iden
tified the urgent need to carry out research on speci fic aspects 
of the field . An attempt to follow up the Santa Fe recommenda
tions was made by researchers of the Institute for Applied Tech
nology and the Center for Building Technology/National Engineer
i ng Laboratory ( National Bureau of Standards /USA) [ 8 ] . The fol
lowing meeting ( Ankara , 1 9 8 0 )  did not record further development 
of the previous recommendations . Thi s  event encouraged a broader 
view of the field by introducing the expres s ion earthen architec
ture for the first time and fine tuned all previous recommenda
tions . In Lima ( 1 9 8 3 ) , specific concerns about the development 
of a network for thi s field were expressed and intensive training 
in establi shed centers was recommended . I n  Rome ( 1 9 8 7 ) , speci fic 
commi tments and decisions were finally taken to carry out 
moni tored activi ty in thi s field . 
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The Long-Term Plan of ICCROM ( 1 9 9 0-2 0 0 0 )  

Based on  current perceptions regarding the implementation of 
ICCROM ' s  four statutory functions , the Long-Term Plan of ICCROM 
( 1 9 9 0 - 2 0 0 0 )  [ 9 ]  encourages the development of integrated ac
tivi ties in training , re search , documentation and technical 
cooperation in conj unction with its As sociate Members , with the 
aim of developing programmes of scienti fic cooperation at the 
highe st pos s ible level . 

I n  the context of thi s  ten-year plan, an agreement was subse
quently signed by ICCROM, the International Centre for Earth 
Construction ( CRATerre ) ,  and the School of Archi tecture of 
Grenoble ( EAG ) . 

The background for thi s agreement i s  a result of over five 
years of cooperation between the se three i n s ti tutions i n  the 
exchange of profe s s i ona l s ,  the j oint organization of sci enti fic 
events and publication s ,  the exchange of i nformation and the 
development of related activi ties . 

ICCROM/CRATerre/EAG 1 9 8 9- 1 9 9 4  Term Plan for Activi ties in the 
field of Preservation of Earthen Architecture 

Based on the experience described above , and the need to meet 
short and medium-term requirements concerning programme and 
budgetary definition s ,  ICCROM, CRATerre and the EAG have prepared 
an overall scheme ( see Chart 1 )  to organize six years of acti
vities related to thi s field of experti se . 
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Project, 
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Canada (Parks) 
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Europe, 
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tional Committee 
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Evaluation of net
work operation 
and fine-tuning 
of network 
activities 

Redefinition of 
roles and tasks 

Availabl e budgetary resource s made i t  pos s ible to i n i tiate 
pilot activities towards the end of 1 9 8 9 , with the First Pilot 
Course on the Preservation of the Earthen Archi tectural Heri tage 
held in Grenoble (France ) from October 2 3  to November 0 3 . 
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The completion of thi s pilot activi ty proved extremely helpful 
in  providing i ndications for further development of the pro j ec t .  
Previous perceptions i n  relation to curri culum development, 
didactic material , appropriate timing , selection of i n s tructor s ,  
training strategies , real demand for speci f i c  training in thi s  
domain have been certainly enriched by thi s experi ence . 
Moreover ,  the unique opportunity for continuous exchange of 
i nformation among course participants and instructors which thi s 

-experience provided , has already activated an efficient network 
of profes siona l s  wi th responsibi l i ties i n  thi s  field . In addi 
tion, a number of related activi ti e s ,  relevant t o  specific cul
tural regions ,  were di scus sed and are in the process  of better 
defini tion . A full report on thi s  pilot course has been prepared 
[ 10 ]  . 

Sub-proj ect: Training 

While  the first attempt to provide specialized training in the 
field of architectural conservation began in 1 9 58-59 at the 
School of Architecture of the University of Rome , it was not 
until 1 9 6 4  that ICCROM was i nvited to as sume a commitment to 
develop training in thi s doma i n .  

Moreover ,  i t  was not until 1 9 7 7  that ICCROM establ i s hed i t s  
own archi tectural conservation course t o  meet i nternational 
requirements . In thi s  context and following growing demands 
regarding course contents , the preservation of the earthen 
archi tectural heri tage took its place among the various dis
cipl i nes already present i n  previous training programmes .  

The decade that followed the establ i shment of ICCROM ' s  
International Archi tectural Conservation Course wi tne s sed an 
i ncreasing concern for the development of a methodological 
approach to the problems of the pre servation of the earthen 
archi tectural heri tage . In response to thi s need , ICCROM 
undertook a sys tematic search for expertise in all related dis
cipline s ,  i ncluding that of earthen construction . I n  the evolu
tion of thei r  own activi ties ,  CRATerre and the " Ecole d ' Architec
ture de Grenobl e "  had also identi fied urgent needs for training 
i n  thi s field . 

On the occasion of the I nternational Colloquium on " Earthen 
Construction Technologies Appropriate to Developing Countrie s "  
( Bru s sel s ,  December 1 9 8 4 ) , a first contact was e stabl i s hed 
between ICCROM and CRATerre-EAG . Fol lowing thi s event, there 
ensued five years of cooperation in the development of training 
on this topic ,  both at ICCROM and at the EAG , which have led to 
the defi ni ti on of a long-term plan for thi s  specific activity 
wi thin the Gaia Pro j ec t .  

The traini ng activi ty of the Gaia Proj ect mu st be seen i n  its 
close and i ndi spensable relationship to the other sub-proj ects , 
namely research,  documentation , development of didactic materials 
and standards , and techni cal cooperation for preservation ( see 
Chart above ) . Only through such an integrated approach can a 
sound training curriculum be developed . I n  fact, while  the pro j 
ect sub-divi sions are useful to define speci f i c  activi ty , i t  must 
be remembered that each activity influences and i s  dependent upon 
the others . Research,  documentation and technical cooperation 
will all contribute to training content and structure . Training 
needs will , likewi s e ,  identify priori ties for the other sectors . 

I n  the overal l  structure of the Gaia Pro j ect,  training 
include s an i ni tial five-year period of courses ,  beginning with 
the Pilot Course in 1 9 8 9 , followed by two I nternational Courses 
( one i n  1 9 9 0 ,  the other in 1 9 9 2 ) and pos sibly two Regional 
Courses ( 1 9 9 1 ,  1 9 9 3 )  if the obj ective condi tions neces sary for 
the organi zation of sUGh regional programmes can be created . The 
fi fth year, 1 9 9 4 ,  would be reserved for a first overall evalua
tion of the long-term plan . 

Given the considerabl e effort and resource s neces sary for the 
organi zation of regional activity , it i s  important to cons ider 
the minimum requi rements for undertaking such ventures .  Among 
the se requi rements , the i s sue of continuity mus t  be very 
carefully examined . Too often, the development of regional 
training activities follows solely pol i tical imperatives while  
fai l i ng to  create the conditions es sential to  ensuring con
tinuity . The earthen architectural heri tage is too important to 
be subj ect to such ephemeral activi ty which only leads , in the 
long run ,  to a seriou s neglect of our heritage . Traini ng at the 
proj ect headquarters (Grenobl e )  should , therefore , not only 
prepare the profe s s i onals neces sary in thi s domai n  but also 
promote real pos s ibi l ities for further regional activity which 
would ul timately be the responsibi l i ty of local operators working 
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in collaboration with the international network of ICCROM and 
CRATerre-EAG ' s  Gaia Pro j ec t .  In this way ,  the i nternational 
role of our institutions i n  initiating and coordinating activi ty 
would be signi ficantly i ncreased . 

From the point of view of content, thi s collaborative training 
endeavour should gradually define the role ,  sci enti fic knowledge , 
and professional ski l l s  required by the archi tectural conservator 
who will be called to preserve the earthen archi tectural 
heri tage . A course curriculum i s  being elaborated i n  constant 
consultation with the instructors and field experts active i n  
thi s area . 

Training i s  still a seriously-neglected aspect of the field,  
even though i t  has been repeatedly identi fied as an important 
area of concern . The Gaia Proj ect seeks to recti fy thi s 
situation by providing a structure for a systemati c ,  scientific 
approach to thi s  problem, thereby fil l i ng an immense gap in 
activi ties oriented toward the preservation of an important part 
of the world ' s  cul tural patrimony . The se general trends proposed 
for the training portion of the Gaia Proj ect should be fol lowed 
by further developments whi ch wil l  depend on the outcome of each 
specific activi ty scheduled for the next five years . 

Sub-proj ect : Research Development 

Research concerning the preservation of the earthen archi tectural 
heri tage has been repeatedly recommended in i nternational meet
ings . As a result,  some proj ects have been carried out and 
others are in progress . These initiatives are certainly impor
tant . Yet ,  wi thin the broad scope of research activi tie s ,  two 
recurrent problems need to be addressed . The first i s  the fact 
that most research carried out to date has focused on " solutions"  
to  conservation problems associated with the earthen archi tec
tural heri tage ( i . e .  new products , techniques,  alteration of the 
materia l ,  etc . ) rather than on a characterization of the 
material /problem i tsel f .  The second i s  the need for coordination 
of research i n  order to avoid duplication of effort and to 
establ ish priori ti es . 

Thi s  sub-proj ect aims to develop and coordinate an interna
tional research effort . CRATerre has already carried out 
exploratory work on the material " earth " as a proj ect for the 
French Mini stry of Urban Planning and Housing in January 1 9 8 3 . 
Thu s ,  a methodology exi sts which can certainly be applied to 
preservation concerns . Similarly, the Gaia team has taken 
initial steps towards the development of an i nternational 
network concerning the preservation of earthen archi tecture . I t  
has ,  therefore , already become a reference point f o r  i nternation
al efforts , and establ i shed ties wi th representative preservation 
institutions and important sites . Perhaps , most importantly,  
research wi l l  be coordinated within the context of the entire 
Gaia Pro j ect and wi ll , consequently ,  i nfluence and be influenced 
by the other sub-proj ects . Only through thi s type of i ntegrated 
approach wi ll research priori ties be defined by the real needs of 
the field and results be dis seminated effectively to the largest 
possible audience . 

Activi ty i s  envi saged i n  two stage s :  

Stage one , to be carried out together with the sub-pro j ect on 
documentation, will i nvolve an exploratory survey i n  order to 
define priori ties . I t  will be nece ssary to evaluate existing 
knowledge about earth as a material , i ts use i n  cons truction and 
its preservation, as wel l  as research currently in progress . 
The results of this exploratory pbase will form a research i ndex 
to be developed by the documentation sub-proj ect as  part of its 
data-base . 

Stage two will i nvolve the development of specific research 
activi ti e s ,  based on the exploratory survey carried out in stage 
one . The Gaia Proj ect will function in the capacity of promo
tion and coordination of research to be carried out in close col
laboration with the international network . 

Priori ty wi ll  be given to those areas where knowledge i s  most 
vitally needed - based on the survey and where no current 
research activi ty exi sts . Emphasis  will be placed on methodology 
as opposed to the mi sguided quest for a unique " optimal " 
solution . Advanced technology wi ll  be vi ewed not as an end in 
i tself but will be examined for possible i nferences regarding 
" low" technology solutions . 



Future Directions 

Re search i s  criti cal to the advancement of any field,  and the 
pre servation of the earthen archi tectural heri tage i s  no excep
tion . To be effective , however,  research activi ties must be 
directed at i s sues of critical importance , and carefully coor
dinated so as to maximi ze efforts . 

Sub-proj ect : Documentation and Standards 

The need to develop an international i nformation network 
concerning many aspects of the preservation of the earthen 
architectural heritage has also been expre ssed in the recommen
dations of international meetings . Little has been done , 
however ,  toward the actual implementation of such recommenda
tions . The Gaia Sub-pro j ect on Documentation and Standards will 
seek to promote and develop activity i n  thi s context . 

The combined resource s ,  expertise and on-going experi ence of 
ICCROM and CRATerre-EAG provide an especially strong foundation 
for documentation on thi s  subject.  Both ICCROM and CRATerre have 
well-establi s hed l ibraries in their own disciplines which 
together contai n  an impres sive number of publications about the 
pre servation and/or cons truction of earthen architecture . 
Simi larly , both organi zations have an exi sti ng network of 
profes siona l s  and institutions active i n  their respective fi elds 
which can be utili zed and expanded . I n  addition,  in the area of 
publ ications ,  e stabl i s hed institutional forums ( ICCROM ' s  Newslet
ter ,  CRATerre ' s  Bull etin d ' Information) are effective tool s for 
the di s semination of information . Activity has also been 
ini tiated on development of standards through parti cipation i n  
and coordination of international efforts such a s  CRATerre ' s  
Presidency of the RILEM/CIB Commi ttee TC9 6EB/WC9 0 " Earth 
Technology for Bui lding Construction " .  There i s ,  thu s ,  a strong 
foundation for the management of information on our topic . 

From a general standpoint,  the Gaia Sub-proj ect on Documen
tation and Standards is primarily concerned with the creation, 
col lection, and di s semination of information regarding the 
pre servation of the earthen archi tectural heri tage for a range of 
purposes and audience s .  The targeted audience groups i nclude the 
Gaia Pro j ect members ( a s  well as the greater proj ect network ) ,  
profe s s i onal s active in the pre servation of the earthen archi tec
tural heri tage , participants in training activities ( both 
teachers and students ) ,  and the general public . 

Speci fic activi ti e s ,  to be carried out in close collaboration 
with the other sub-proj ects , must be conceived in relation to 
the needs of the se target groups . 

Of primary importance for the Gaia Pro j ect and network i s  the 
creation of a continuou sly updated , international data base 
containi ng information on profess iona l s  active in the fi eld , 
equipment/ technique s ,  training activi ti e s ,  and on-going research 
as  wel l  as an inventory of the earthen archi tectural heri tage , a 
bibl iography of exi sting publ ications and a mul ti - l ingual 
glos sary of terms . Work has already begun on the bibl i ography 
and glossary as a first step toward the fulfilment of thi s goal . 
Publication of a regular newsletter , based on the updated data 
base and voluntary contribution s ,  and of a biannual research 
index and bibl iography are also fores een . 

For the professional audience, the Gaia Sub-pro j ect on 
Documentation and Standards envi sages the production, publica
tion and di s tribution of technical notes on crucial i s sues . 
Targeted subj ects for the first two years of the pro j ect include 
soil identification, humidity survey , and structural monitoring . 
Other activities will include a s s i stance i n  the edi ting , 
publ ication, and dis semination of research re sults and special
i zed documents as  wel l  as  active participation in the development 
of national and i nternational standards for both laboratory and 
field procedure s concerning earth and the earthen archi tectural 
heri tage . 

I n  connection with training activi tie s ,  thi s sub-proj ect will 
focu s on the production, publication and distribution of manual s  
and didactic material s . Plans for the first phase o f  the 
proj ect i nclude a laboratory manual on soil analysis  and the 
production of several complementary video tapes explaining 
laboratory procedures .  Work i s  also i n  progre s s  on variou s video 
simulations of preservation treatments . Another activity in thi s 
area wi l l  be the actual installation of basic laboratory modules  
for didactic purposes on  a regional level . Work i s  already in 
progre s s  on model specifications for such a faci l i ty . 



I nformation for the general publi c  will be aimed at rai s i ng 
consciousne s s  regarding the earthen archi tectural heritage . 
Activi ties wil l  i nclude the publ i cation of selected monographs on 
earthen architecture a s  well as exhibi tions and high-visibi l i ty 
media events .  In the first pha se of the pro j ect,  new material on 
preservation and techni cal i s sues of earthen construction will be 
added to exi sti ng exhibi tions . 

The generation, collection, management and di s semination of 
i nformation is criti cal to the succe s s  of any endeavour . The 
Gaia Pro j ect aims to become a cl earing-house for i nformation 
whi ch wi l l  aid those already active in the field as  wel l  as 
promote an i ncreased awareness of thi s  important and often 
neglected component of the world ' s  cultural patrimony . 

Sub-Project:  Technical Cooperation 

An overview of current i nternational technical cooperation in 
preservation of the earthen archi tectural heri tage suggests a 
very seriou s situation . Some of the problematic aspects of thi s 
s i tuation are : total absence of information i n  wide geo-cultural 
areas , l imi ted a s s i s tance by foreign experts , frequent requests 
for specific advice resulting i n  mi s sions by only a l imi ted 
number of professional s ,  or else by consultants with i nsuffici
ent knowledge and experience of the problems concerning this 
field , re stricted scope in the recommendations for preservation, 
and lack of speci f i c  follow-up activitie s .  

The role of i nternational i nstitutions in  coordinating techni
cal cooperation with national conservation services require s  a 
revi sed and more systematic approach .  Thi s  falls  within the 
context of ICCROM ' s  third statutory function whi ch mandates that 
the institution provide advice on general and speci f i c  points 
connected with the pre servation and restoration of cultural 
property . It is also in l ine with the recommendations of the 
meetings in Yaz d ,  Santa Fe , and Rome , which rei terated the need 
to i ni tiate field pilot pro j ects in an integrated plan of ac
tivi ti e s ,  and also the agreement signed by ICCROM/CRATerre-EAG . 

I n  thi s regard , the Gaia Proj ect again aims to promote , create 
and develop the condit�ons nece s sary for rational and effective 
technical cooperation oriented toward the formulation,  implemen
tation and management of overal l  site preservation plans . 

The first step toward achieving thi s goal i s  to identify and 
establ i sh contacts with national conservation services and with 
those professional s responsible for the preservation of speci f i c  
s ites i n  urgent need in order t o  di scu s s  the se problems and to 
proceed systematically in formulati ng preservation plans . The 
traini ng sub-proj ect of the Gaia Pro j ect ha s al ready provided a 
unique opportunity for some of these profess ionals to meet and 
ini tiate such discus sions . During the 1 9 8 9  Pilot Cours e .  the 
proj ect s taff met with professional s  responsible for earthen ar
chaeological site s  of global importance , such as  Chan-Chan/Peru , 
Mari/Syria , Tulor/Atacama , Chi le as well as cities such as  
Qui to/Ecuador , Popayan/Colombia ,  and Alcantara/Brazi l . Further 
development of thi s i ni tiative has led to contacts and on-going 
discu s s i ons with professionals responsible for the study and 
pre servation of the Albaicin in Granada/Spain and Evora/Portugal .  
From the se prel iminary di scus sions , we have confirmed our 
perceptions regarding the generalized need for preservation plans 
and we have defined two levels of action . 

On a general level , i n  order to better characterize the form 
and qual i ty of exi sting i nternational technical cooperation, i t  
i s  indi spensable to initiate a careful evaluation o f  previous 
activi ties with countries and/or cul tural areas that pos sess  a 
s ignificant earthen architectural heri tage . Thi s  can be 
effectively carried out through a summary revi ew of the activity 
of each of the institutions involved in the Gaia Proj ect 
( ICCROM/CRATerre-EAG ) i n  the above-mentioned countries . Through 
systematic researc h ,  thi s  can then b e  supplemented with further 
i nformation about the activi ties of other institutions . 

On a more speci f i c  leve l ,  contacts with field professional s 
( some mentioned above ) have initiated processes for immediate 
action . The se activi ties are aimed at the formulation of overall 
pre servation plans and include the definition of conservation 
priori ties for each s i te based on the evaluation of previous site 
preservation work , systematic condition a s s e s sment,  installation 
and subsequent uti l ization of earth pre servation modules  ( si te 
laboratories and monitoring equipment ) ,  and conservation/main
tenance of the s ites based on the plans . As alway s ,  a close 
connection with the other Gaia sub-pro j ects of training ,  
researc h ,  and documentation i s  fore seen i n  the long-term scheme . 
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Continuity can be guaranteed only i n  the context of thi s  kind 
of i ntegrated activity , ba sed on the promotion and technical 
support of national conservation services and profess ionals  in 
this domain . 

The pre servation of the world ' s  earthen archi tectural heri tage 
cannot rely on the que stionabl e effect of sporadic action s ,  the 
production of countl ess  mi ssion reports/recommendations which 
are never impl emented , the circumstance of emergency , the epheme
ral opportuni sm of practical pol i tics or similar factors . It i s  
es sential to promote a con s i s tent scienti fic approach to this 
probl em . In thi s respect we hope that the Gaia Proj ect will 
offer a frame of reference for much-needed integration of ac
tivi ties and the efficient util i zation of means and resource s .  

NOTES 

1 .  Premi er col loque international sur la conservation des 
monuments en brique crue , Yazd I ran,  Cons eil I nternational des 
Monuments et des Sites et I comos-Iran , 25-30 nov . , 1 9 7 2 . 

2 .  I nternational 
tion of Adobe , 
Cultural Heri tage 
Sep . , 1 9 8 3 . 

Symposium and Training Workshop on the Conserva
Lima Cusco ( Peru ) , The Regional Pro j ect on 

and Development UNDP/Une sco and ICCROM, 1 0 -2 2 ,  

3 .  5th I nternational Meeting o f  Experts on the Conservation of 
Earthen Archi tecture , Rome , ICCROM and CRATerre , 22 2 3 ,  Oct . , 
1 9 8 7 . 

4 .  Agreement between ICCROM, CRATerre and EAG , Rome-Grenobl e ,  
j ul . - aug . , 1 9 8 9 . 

5 .  Third I nternational Symposium on Mud-brick ( Adobe ) Preserva
tion, Ankara , ICOM ICOMOS Turkish National Commi ttee s ,  29 Sep . 
4 Oct . , 1 9 8 0 . 

6 .  2eme colloque international sur la cons ervation des monuments 
en brique crue , Yazd-I ran,  Conseil I nternational des Monuments 
et des Sites et I comos-Iran , 6-9 mars , 1 9 7 6 . 

7 .  US/ICOMOS - I CCROM Adobe Preservation Working Session,  Santa 
Fe,  NM, 3 7 Oct . , 1 9 7 7 . 

8 .  James R .  Cli fton , Preservation of H i s toric Adobe Structures 
- A Status Report , Wa shington DC , U . S .  Department of Commerce , 
(NBS Technical Note 9 3 4 ,  1 9 7 7 ) , and , James R .  Cli fton , - Paul 

Wencil Brown , Methods for Characteriz i ng Adobe Bui lding Materia
l s ,  Washi ngton DC , U . S .  Department of Commerce , ( NBS Technical 
Note 9 7 7 ,  1 9 7 8 ) . 

9 .  A .  Tomaszewski , " The Long-Term Plan of ICCROM " , ICCROM NEW
SLETTER 1 5 ,  ( Rome : ICCROM, 1 9 8 9 ) , 3-6 . 

1 0 . CRATerre-EAG ICCROM, Final Report of the First Pilot 
Course on the Pres ervation of the Earthen Archi tectural Heri tage 
- A methodol ogical approach , Grenobl e/Rome , CRATerre EAG/ICCROM , 
Dec . , 1 9 8 9 . 
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Appendix 1 

Suuary of the international recouendations for the preservation of the earthen architectural heritage. 

YAI D/ IRAN - 1972 

Excavation plans 
should include 
simultaneous pres
erva tion interven
tions; 

Backfilling of 
structures ·,ith no 
further scientific 
or touristic inter
est; 

If necessary, 
structural stabili
za tioo through par
tial reconstruction 
of tbe structure; 

Protection of hor
izontal surfaces by 
.eans of roof shel
ters or capping; 

Maintenance of 
existing renders on 
vertical surfaces; 

Application of 
renders, �here 
.issing; 

Surface treat.ents 
·,itb nter-resist
ant uterials: 

Stabilized 
soil-celent, 
Dilu ted epoxy 

resins, 
Etbyl 
silicates, 
Bitulen; 

lequ lar Ia in tenance 
for buildings in 
current use, vith 
special attention 
to: 

loafs, verti
cal surfaces 
and drainage 
systels; 

Use of cOlpatible 
uterials. 

YAlD/IRAN - 1916 

Excavation budgets 
should include 
preservation 
in terven tion s; 

Backfilling 
folloving thorougb 
recording and 
docu.en ta tion ; 

Prolpt, expedi te 
interventions; 

Telporary shelters 
and capping; 

Chelica I trea t.en t 
of vertical 
surfaces; 

Lab research on: 
.echanical 
behaviour of 
the uterial, 
co.position, 
stabilization, 
treatment 
products; 

Defini tion of 
pilot research 
field projects 
on specific 
sites; 

Creation of a 
data bank for 
concentration, 
divulgation 
of research 
results; 

Regular inspection 
and uintenance 

Up-grading of 
in stalla tions 
in building s 
in use:  

electricity, 
vater and 
sevage, 
heating, etc. 

STUB, IIM/USH977 

Research on: 

Building tech
niques and 
cOlpatible 
uterials; 
Seislic re
sponse; Non-de
structive leth
ods to detenine 
vater content, 
distribution, and 
ligration; 
plastic defona
tion, salt 
ligration, and 
crystallition; 
Dup-proof 
coursing; 
Surface and sub
surface drains; 
Tradi tional and 
lodified lortars 
for capping, 
renders and in
fill uterials; 
Chelical surface 
treatlents for 
decorated 
elelents; 
Groutiug tech
niques for 
structural 
s tabiliza tion; 

Developlent of a 
glossary of 
building 
technique s ;  

Institution of a n  
International 
Coui ttee for 
field and lab 
test standards; 

Coordina ted field 
pilot projects; 

Developlent of an 
international 
infonation 
exchange netvork 

ANXARA/TUR - 1980 

Introduction of 
the expression 
'earthen architec
ture' in the pre
servation lexicon 
and attelPts to 
better define the 
universe of this 
field; 

Encourages the use 
of tradi tional 
uterials and 
techniques for 
preserva tion pur
poses, based on 
considerations of 
cOlpatibility and 
continuous nse;  

Stresses the need 
to provide tempo
rary protection to 
earthen structures 
vhile excavations 
proceed; 

Specifies the 
characteri stics 
and properties of 
such protective 
structures; 

Recouends 
research on: 

Modular 
protective 
shelters, to 
be tested in 
field pilot 
projects; 

Developlent of 
Standards for 
test procedures 
in lab and field 
situations; 

Includes a 
specific recol
lendation for 
cases of par
tially burnt earth 
structnres. 

LIMA/PBiU - 1983 

Reiterates the 
urgent need to 
develop an 
earthu 
archi tecture 
preservation 
netvork; 

Recouends a 
systeutic 
inventory of 
earthen sites; and 
further studies on 
building techni
ques; 

IntenSi�J training in 
established 
centers; 

SpecifiC training 
for the preserva
tion of painted 
surfaces on 
earthen ',alis;  

Mentions general 
conSiderations 
concerning 
rehabilitation 
and up-grading 
of earthen 
architecture. 

ROME/IrALY - 1987 

Prolpts partici
pants of the 
leeting to take 
responsibility 
for the 
ilplelentation 
o f  international 
recollendations 

Changes the nale 
of the Interna
tional Icolos 
CouiUee 
( " .  preserva tion 
of earthen arch[
tecture) ; 

Encourages the 
Couittee to ac
tivate roles in 
the coliection 
and diffusion of 
infonation, and 
in  the prepara
tion of 
annotated 
bibliographies, 
possibly through 
the Can sena tion 
Iniona tion 
Network, and 
Decides to 
create of a 
specialized 
training 
prograale on the 
preservation of 
earthen archi
tecture in Gre
noble at the 
sea t of CRATerre 
EAG • USrMG 

Recouends con
tacts vith indus
trial research; 
The acti va tion of 
National COllit
tee s ;  
Reiterates need 
for an inventory; 

Pilot projects, 
A 'State of the 
Art' report. 
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