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FROST INVESTIGATION 

* I9U5-I9U6 

REPORT 

ON 

STUDIES OF BaSE COURSE TREATI.5ENT TO PREVENT FROST ACTION 

1. Authorization. The 191+5-19^6 frost investigation program vms 

authorized by the Chief of Engineers by letter to the Division Engineer, 

New England Division, dated U August 19U5i subjects "Frost Investigation, 

During Fiscal Year 19U5”19l+6n and subsequent indorsements. File SPEER. 

The investigations reported herein constitute a port of the authorized 

program. 

J 2, Purpose. The purpose of this investigation has been to study 

methods and perform laboratory tests to develop treatments to prevent frost 

action in base materials susceptible to frost action. 

3. Scope. This report presents (a) a summary of previous invest¬ 

igations performed by others, to study the effect of admixtures on frost 

action, in the form of excerpts from the conclusions sustained by the re¬ 

ports of there investigations, (-b) the results of laboratory tests performed 

to determine the suitability of various admixtures and combinations of ad¬ 

mixtures to prevent frost action in materials susceptible to frost action, 

and (c) the results of laboratory tests to determine v/hothcr leaching of 

salts could be retarded or prevented by the addition of bituminous mater¬ 

ials. Representative data are presented herein. A complete record cf test 

i data is on file at the Frost Effects Laboratory, No field tests were per¬ 

formed during this investigation. 



Í4. Acknowledgements. Frost action tests were conducted in the Soils 

* Mechanics Laboratory, Harvard Graduate School of Engineering. The facilities 

of the Soil Mechanics Laboratory including the cold room were made avail¬ 

able through the cooperation of Harvard University by Dr. Arthur Casagrande. 

The investigation reported heroin was conducted along the lines established 

by previous investigators at Purdue University and extends those studies 

which are described in the text of this report. 

5, Description of Problem. The design of airfield pavements at 

locations where frost penetrates into the base is founded upon the assumpt¬ 

ion that the base is not weakened or adversely affected by frost action. 

In geographical areas whore base materials not weakened or adversely af¬ 

fected by frost action are not economicr.ily available a method for treat- 

'i ing locally available frost susceptible base materials to make them non¬ 

frost susceptible may prove of definite benefit through economy and ac¬ 

celerated construction. 

Several investigators have studied this problem under laboratory 

and actual field conditions. It has been determined by these investigators 

that calcium chloride or sodium chloride will prevent frost action when a 

sufficient quantity is prosrnt in the soil. The disadvantage in the use of 

these admixtures is that they are leachod out cf the soil or migrate result¬ 

ing in only temporary protection from frost action. 

Various methods for treating soils wore investigated by others with 

differing degrees of success. The effects of admixtures such as tar, cut¬ 

back asphalt, emulsified asphalt, cement, vinsol rosin, 321, 321 / O.U per¬ 

cent FeSO^ and Stabinol in reducing frost action were studied. A review of 
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thoso investi g'it ions indicated that add’.tional tests to investi gato tho 

efficacy of othT admixtures and combinations of admixtures would bo ad¬ 

visable. In particular, Bunker C oil, the least expensive of tho oil pro¬ 

ducts commercially available in quantity was selected for study. Bunker C 

oil in combination with calcium chloride and other selected combinations 

were also studied. 

Tho success of methods employed for treating frost susceptible 

base materials to make them non-frost susceptible depends first upon the 

permanonco of tho treatment and second upon tho economy of tho treatment 

in contrast to tho importation of non-frost susceptible materials or tho 

application of other methods. 

6. Definitions; 

a. Frost Action is the accumulation of water in tho form of ice 

lenses in soil or base materials under natural freezing conditions. 

b. Frost Hoavo is the raising of tho surface due to tho accum¬ 

ulation of ico lenses. The amount of hoavo in most soils is approximately 

equal to the cumulative thickness of the ice lenses. 

c. Icq Lenses are the ice formations in frozen soil occurring 

in repeated layers essentially parallel to each other and normal to the 

direction of heat loss. 

d. Degree Hour is cumulative total of the algebraic difforonco 

between 3? groes Fahrenheit and the hourly mean temperature. 

e. Admixture is a material which is added to a soil to prevent 

frost action. 

f. Density is tho unit dry weight in pounds per cubic foot. 



g. Water Content is thi ratio, expressed as a percentage, of 

the weight of water in a given soil nass to the weight of solid particles# 

h. Frost Susceptible Base consists of a specially selected 

soil which contains more than three percent of grains smaller than 0.02 mm 

in diameter placed and compacted on a subbaso or subgrade, 

i. Non-Frost Susceptible Baso consists of a specially selected 

soil which contains less than throe percent of grains smaller than 0#02 mm 

in diameter placed and compacted on a subbaso or subgrade. 

7# Rovicw of Previous Investigations# The following three studies, 

of the treatment of base courses to prevent frost action all conducted by 

personnel of Purdue University, wore reviewed» 

a. "Frost Action in Highway Bases and Subgrades" by H. F. Winn 

and P# C, Ritledge, May 19U0. 

b. "Uso of Calcium Chloride in Subgrade Soils for Frost Pre¬ 

vention" by F. 0. Slate, December 19U2# 

c. "Tho Migration and Effect on Frost Heave of Calcium Chloride 

and Sodium Chloride in Soil", by Charles Slcsscr, July 19¿i3» 

The studies reported in paragraph 7«a above were made "to deter¬ 

mine tho resistance to frost action of various types of treated soils and 

soil mixtures now in common uso as road bases and subgrades". Throe basic 

soils were selected for study, a sandy clay, a pit run gravel, and a fairly 

uniform, washed, concreto sand. The results of classification tests on theso 

soils aro summarized on Plate 1. Those three soils were combined in the fol¬ 

lowing percentages to form seven different soil mixtures: 10, 20, I4.O and 60 

percent sandy clay with 90, 00, 60 and I4.O percent sand respectively and I5, 

16,5 and 20 percent sandy clay with 85, 83.5 and 80 percent pit run gravel 



respectively. 

Those soils and soil mixtures were tested in a remolded compacted 

state at varying percents saturation, with and without the following ad¬ 

mixtures: calcium oxide, sodiun chloride, calcium chloride, portland cement, 

tar, cutback asphalt, road oil, emulsified asphalt and vinsol. The method 

of testing was briefly as follows: 

a. The remolded moist soil or soil mixture with or without ad¬ 

mixture was compacted in a cylindrical form three inches inside diameter 

and seven inches high. 

b. ^ater under a pressure of 50 pounds per square inch was then 

forced to flow through a selected number of the specimens for about 2I4. hours* 

0. The specimens were then placed in a freezing cabinet and the 

air temperature at the top of the sample was progressively reduced over ap¬ 

proximately 21 days from about 50°F to minus 10°F or minus 15°F, During 

this period the air temperature immediately below the bottom of the specimen 

was maintained at about U0°F. Some specimens were provided with a source 

of water at the base of the specimen, 

d. During the period of below freezing top air temperatures, 

daily measurements of the elongation or heave of the specimens were made. 

At end of test the specimens were frozen either to or nearly to the bottom. 

The specimens wore examined for ice lenses and tested for water content 

variation with depth. 

The conclusions arrived at as a result of this investigation are 

quoted as follows: 

"1, Estimates as to the extent to which frost action may be ex¬ 

pected to occur in natural soil, treated soil, or stabilized soil can be 



made only when the limiting conditions (,/ initial and attainable moist\a*o 

content are knom," 

”2. In gen eral, the natural fine-grained sandy clay started to 

hoave sooner, heaved at a greater rate, reached a greater total heavo, reach¬ 

ed capillary saturation more readily, and had less resistance to moisture 

content fluctuation than did treated and stabilized sandy clay exposed to 

the same condition," 

"3. The available data indicate that the frost lino penetrates a 

gradod-soil mixture at a greater rato than it does a natural fine-grained 

sandy clay. Rapid freezing results in less ice segregation and less total 

heave for the samo depth of frost penetration." 
0 

"U. Fereentago-of-heave date, from individual tests should not be 

used as criteria for rigid oonporisons of the frost action resistance of 

natural soils, treated soils, or stabilized soils, but may be used as a 

basis for general classifications of the materials into heaving and non¬ 

heaving groups," 

"5. Once capillary saturation is reached and ico sagrégation 

begins in a treated sandy clay, the rate of heaving is only slightly lers 

than for tho sane soil untreated." 

"6. The available data indicato that there in a critical density 

for sandy clay at rhich frost action occurs most readily, nhon material is 

saturated. Bclor the critical density, frost action is directly proportional 

to density4 above the critical density, frost action is inversely proportion¬ 

al to density. Increasing the density above the critical density increases 

tho period of inactivity before heaving starts and decreases the rate of 

heaving and total heave in a manner similar to tho addition of admixtures," 

"7« Groups of specimens of natural or treated sandy clay included 
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in this investigation, whicli had no variubloo except density and misture 

4 content at tn tvrae of corpartion, approached tlio bobo ultimato dry density 

durirc air dr, inf,” 

* "B, ¡ir.y of the tyoos of soils, treated soils, or stabilized soils 

included in tiiis investigntion nan be oaturntod by water under a prossuro 

of 50 pounds per square inch applied for hours or loss,” 

"9, The available date or field soil temporaturoc indicate that 

periodic fluctuations of short duration in air temperature do not cause 

corresponding fluctuations in the temperature of the aubgradc soilj soil 

temporaturee arî a function of cumulativo air tomperuturos, 

«REGARDING ADMIXTI^KS." 
A, 

"10. All thr atimixturcs touted hre much more effective in re- 

4 ducinç frost i.etien wh.-r used with well-gr&dod soil mixtures than w:ien 

used with natural sandy clay,” 

«11. Calcium oxide (2, 0, 10 percent in sandy clay,* percent 

in graded soil mixture)* does not increase the mixture*« résistance to frost 

action or noIbture content fluctuation sufficiently to warrant Its uso for 

th;3o our noses. The nixtm-es take on water readily, find, provided water is 

available for capillary rise, the degree of saturation at tho beginning of 

the freosing 0 riod is of little conscquoncc, 

”12, Sodlim chloride (natural sandy clay plus 1, 2, ?, 6 percent.r 

graded «oil mixturo plus l/2, 1, 2, 3 and l| percent) read calcium chloride 

(natural sandy clay rlus 2, h percent) provide good rosistanoo to frost 

action primarily because of tho lowering effect of tho admixture on the 

freering point. The data indicate that as long as th> soil retainsihe 

* * Percentages investigated. All percent ages arc "iven in terms of dry weight 
of soil. 

-7- 

\ 



chemical in its full concentration, 2 percent or less chemical prevents freez¬ 

ing at -10° to -15°F and thereby prevents frost danago," 

”13. The resistance to frost action of a soil cement mixture (nat¬ 

ural sandy clay plus lj, 6, 8, 10, 12 percent; graded soil mixture plue U# 6, 

8, 10 cernent) is inversely prooortional to the dogroo of saturation of the 

mixture at the beginning of the freezing period." 

"lU. In general, the resistance to frost action of bituminous mix¬ 

tures is inversely proportional to tho degree of saturation at the beginning 

of the freezing period." 

"15. Portland cement, tor, cutback asphalt, road oil, emulsified 

asphalt, and vinsol* add stability to a sandy clay by inhibiting capillary 

motion of the water to various degrees, the amount boing closely related to 

the percentage of admixture and moisture content of the mixture at the cimo 

it is exposed to the water." 

"l6. Vinsol is effective as a waterproofing agent and frost action 

preventive when tho moisture content of the sandy clay-vinsol mixture is be¬ 

tween 1¿ and 10 percent." 

"I?. On tho basis of tho data presented in this paper, the fol¬ 

lowing group classifications can be mado: 

Group No. 1, damaged by frost action at all percentages of 

initial moisture content. Sandy clay (natural); graded mixtures of clay plus 

gravol and clay plus sand; sandy clay plus 2, 6, 10 percent CaO; graded soil 

mixture plus l;, 6 percent CaO; sandy clay plus 1 percent NaCl; sandy clay 

plus 1 percent CftClgj- sandy clay plus U percent Portland cement; sandy clay 

plus 2, ii, 6 percent TC; sandy clay plus 2, U percent AES-1; sandy clay plus 

2, h percent MC-1. 
Group No. 2, damaged only when initial moisture content was 

approximately 100 percent saturation. Sandy olay plus 6, 8, 10, 12 percent 

* A by-produot of turpentine distillation* 



Portland cement; sandy clay plus U, 6, 8 percent TM-2j sandy clay plus U» 

6, 8 percent AES-1; sandy clay plus U percent SC-3; graded soil mixture plus 

2 percent AES-1j graded soil mixture plus 2, k* 6 percent RC-3; sandy clay 

and graded soil mixtures plus 1, 2, 3# 5 percent vinsol (also when moisture 

content is below percent). 

Group No. 3» no frost damage at all degrees of initial mois¬ 

ture content. Sandy clay plus 3> kt 6 percent NaCl; graded soil mixture plus 

l/2, 1, 2, U, 6 percent NaCl; sandy clay plus 3» U» 6 percent CaClgj graded 

soil mixture plus 1, 2, I4. percent CaCl2; graded soil mixture plus I4., 6, 8 

percent portland cement; graded soil mixture plus Í4., 6 percent TM-2; graded 

soil mixture plus U, 6 percent AES-1; graded soil mixture plus I1..I4 percent 

Bitumuls Stabilizer; sandy clay plus 6, 8 percent SC-3j graded soil mixture 

plus 2, I4.» 6 porcent SC-3.” 

The studies reported in paragraph 7»b, were performed to deter¬ 

mine the percentage of calcium chloride necessary to prevent frost action. 

One soil, a silt, was selected for study. The results of the classification 

tests aro shown on Plate 1. 

The test procedure was similar to that reported by Winn and 

Rutledge as briefly described in paragraph 7» p&gu 5» The principal con¬ 

clusions from his investigations are quoted as follows from his report, 

page Itl+O, "(l) The presence of a small porcontago of calcium chloride in 

silt will usually orotect that soil from damaging frost heave, (2) Small 

quantities, as low as one-half of one percent, of calcium chloride in silt 

will reduce the frost hoave appreciably. (3) A soil that has heaved because 

of frost contains a moisture content greater than normal. This water makes 

un the ice lenses causing the heave, and it is drawn up from the ground 
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water. (U) The water rising to form ice lenses carries calcium chloride 

upward with it. (5) As a general average, it can bo said that protection 

from frost heave in silt is afforded by 2 percent calcium chloride, in clay 

by 1 percent calcium chloride, and in graded mixes by l/2 percent calcivan 

chloride," These tests indicate that under the conditions tested the silt 

required at least U percent calcium chloride to prevent frost action at 9°F# 

with a gradually decreasing temperature. 

The studies reported by Charles Slessor were made to "traco the 

movement of calcium chloride and sodium chloride in various soils and to 

evaluate the important variables governing this movement" and wto determine 

the practicability of treating subgrados with those chemicals in order to 

reduce or eliminate frost heave." 

The soil tested consisted of a silt, called LaPorte silt, for 

which classification data are summarized on Plato 1, 

The princioal conclusions from his investigations are quoted as 

follows from Pago lU» 

"It was found that calcium chloride and sodium chloride migrated 

differ on'-ly under similar conditions of exposure. Under the influence of 

soil capillarity and natural evaporation, sodium chloride tended to form 

a white crust on the surface of the unpavod road, and, hence, was more 

susceptible to lateral surface-washing during rain periods than was cal¬ 

cium chloride. On the other hand, calcium chloride did not tend to accuiu* 

late on the unpaved road surface to the extent that sodium chloride, undor 

the influence of soil capillarity and natural evaporation, because of its 

greater moisture-attracting power and its higher solubility. Vith exposed 

fino-grainod soils, lateral movement proooodod primarily by surface washing 
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from tho top of tho road propor to tho sido ditches, rathor than by lateral 

movement bolor the surface." 
? 

"Important variables affecting tho movement of water-soluble 

chemicals in soil and hence their pormanonco includedj (l) evaporation, (2) 

soil texture, (3) percolating water, (U) soil cover, and (5) temperature, 

when high enough or low enough to effect a change of phase of the water. 

As regards base-exchange phenomena, tho calcium and sodium cations were more 

persistent in fine-grained soil than tho chloride anion." 

"In general, increased effectiveness in reducing heaving in soil 

resulted from increases in tho amount of calcium chloride or sodium chloride 

added — up to a certain percentage of chomical, above which no heaving 
* 

took place. In a coarse-textured soil, heaving was greatly reduced by an 

^ admixture of only 0.33 percent of either chomical. One or two percent of 

either chemical was effective in reducing heaving in a silt which had, in 

the untreated state, heaved badly both in the field and in tho laboratory," 

The Mississippi River Commission, U. S. Waterways Experiment 

Station in connection with the water repellent investigation performed 

slow-froczo tests* on five soils with and without several water repellents. 

Information regarding tests performed was furnished this office by letter. 

At timu of writing of this report a definite reference to report of water 

repellent investigation was not available. The method of testing was 

similar to that described in paragraph 7# png© 5* Grain size distribution 

curves and the Atterberg limits are shown on Plate 2. A summary of tho 

data for those tests is included as Table 1, Five photographs with tho 

* The term slow-freeze tests used in tho report by tho Waterways Experiment 
Station is synonymous with tho tom frost action tost as used in this 

• report. 
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dogroc hour curves and rato of heave curvos as prepared by U. S. 'oaterways 

Exporimont Station, Vicksburg, Mississippi arc included as Platas 5 to 7 

inclusive« The princioal conclusions from these tests are summarized as 

follows: All soils in the untreated state when tested were subject to severe 

frost action. Two percent Stabinol effectively reduced the hoove in the 

clnyoy silt (sample 6), candy silt (sample 7)> an^ the gravelly clay sand 

(sample 8) but was ineffective in the silty cloy (sample 3) and the clayey 

silt (sample 5). One percent 321 will not materially reduce the heave. The 

heave was reduced by the addition of one percent of 321 plus O.U percent of 

FcSO^ in the silty clay (sample 3) and the gravelly clay sand (sample 8) 

but not in the other throe soils. 

Investigations by others indicate that the addition of calcium 

chlorido or sodium chlorido to water will result in lowering the freezing 

tomperature of water to a minimum after which the freezing point will bo 

raised by the continued addition of salt« Commercial producers of theso 

salts report that the percentage of salts which will produce the minimum 

freezing temperature of water aro as follows: 

SALT PER CENT SALT BY WEIGHT OF 'VATER FREEZING P0IÎTT 

Calcium Chloride (Pure) i.i.8 -59«8°F 

(77-80^ Flake CaClg) 6l -59.0°F 

Sodium Chloride (Pure) 30»U ”6°^ 

The addition of salt to soil for the purpose of making it non¬ 

frost susceptible is based upon the fact that tho salt lowers the freezing 

point of the water thus lowering the tomperature at which frost action will 

occur. Tho maximum benefit from the salt in reducing frost action appears 

to occur when the water in tho voids contains tho percent ige of salt 
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tabulated in the nrocoding paragraph. ÎIcnce, based upon these porcontagos 

for calcium chlorido and sodium chlorido, tho pcrcontrgo of puro calcium 

chloride by weight of dry soil which will give lowest freer,ing temperature 

varies from about 5 1® percent for soils with void ratios from 0»27 

1.0 respectively and the percentage of sodium chlorido by weight of dry 

soil which will give lowest freezing temperature vnrios from about 3 to 11 

percent for soils with void ratios from 0*27 to 1.00 respectively when the 

soils are 100 per cent saturated. 

8. Description of Laboratory Cold Room and Equipment. The invest¬ 

igations were carried out in the cold room laboratory at Harvard University 

Graduate School of Engineering. General layout of the cold room and equip¬ 

ment is shown in Plate 8. 

a. Cold Room. The cold room is a walk-in refrigerator with in¬ 

side dimensions six feet nine and one-half inches long by six feet nine and 

one-half inches wide. It is insulated on all nix sidesmth four inches of 

cork. A pressure controlled unit cold blower and externally located freon 

compressor cools the room to UO0? to an accuracy of 1,0°F. 

b. Freezing Cabinet. Within the cold room is a freezing cabinet 

located as shown on Plate 8. This cabinet consists of an air space at the 

too cooled by longitudinal coils hung from the top of the cabinet using a 

second compressor with sulphur dioxide refrigerant. Beneath this air space 

aro four drawers arranged side by side. The temperature within the top of 

the cabinet may be fixed at any desired temperature with an accuracy of plus 

or minus 0,5°F. The temperature may be made equal to or less than that of 

the cold room by adjustment of a bimetallic DeKhotinsky type temperature con¬ 

trol located in the air snace above the drawers. With the cold room at ap¬ 

proximately U0°F, the freezing cabinet orm be lowered to a temperature of 



minus 5°F. A small fan in the air space at the top aids in maintaining a 

uniform temperature throughout the air space. The drawers are effectively 

sealed in place by slightly inflating an inner tube installed around the 

lower side of each drawer. 

9. Frost Action Tests. 

a. Materials Tested. Three types of soil with selected admix¬ 

tures were tested for frost action. The coils consisted cf (l) that portion 

of a glacial till passing thru l/b inch sieve, designated East Boston Till» 

(2) a silt designated New Hampshire silt, and (3) a sand and gravel designated 

frost heaving gravel with 100 percent passing the l/2 inch sieve which was 

prepared in the laboratory so that it would have frost heaving character¬ 

istics. The East Boston till was a grey, well graded, boulder clay (GC) com¬ 

posed mainly of sub-angular particles. It was obtained from Breed's Kill, 

Winthrop, Massachusetts, a glacial drumlin deposit. The Not" Hampshire silt 

(ML) was a brown uniform silt with a smo.ll percentage of sand sizes obtained 

from a varved deposit located south of .. nehester, N.H. The frest heaving 

gravel (GF) was a combination cf a washed pea gravel, a bank run gravelly 

sand and the New Hampshire silt. The nea gravel was brown with subangular 

particles, 100 percent passing the l/2 inch sieve and 98 percent retained on 

the No. 8 sieve. The bank run gravelly sand was a clean brown uniform gravel¬ 

ly sand with sub-angular particles. The frost heaving gravel was prepared 

using 25 percent gravel, h5 percent gravelly sand and 30 percent silt. The 

gram size distribution curves with the specific gravity, Atterberg limits 

and classification of these materials are shown on Plate 9. 

b. Admixtures. The selection of admixtures for testing was made 

to add information on new and combinations of admixtures to tho existing data. 

Flake calcium chloride (77-80 percent pure) was selected ns a salt. Studies 

by Slosser indicate that there is less lateral migration under a pavement of 



calcium chloride than sodium chloride. Calcium chloride in solution with 

water as the solvont gives n much lower freezing point thnn does sodium 

chloride. However, based upon tho Purduo freezing tests either calcium 

chloride or sodium chloride apocar to be equally effective in preventing 

frost action. Punker "C" oil which conformed to specifications in Bureau of 

Standards Bulletin No. CS 12-LO for No. 6 fuel oil was selected as one of 

tho admixtures. This material was selected because it is one of the loast 

expensive bituminous materials and had not been tested previously. Tarmac 

T-2 (Federal Soecification RT-lIiJ Grade RT-2 as amended JO August 19Ui) was 

chosen for a comparison of the results of the previous tests with tho tests 

using the Bunker "C" oil. Following is on analysis of the P.T-2t 

Englor Specific Viscosity U0°C 8.8 

Specific Gravity at 25°C/250C 1.119 

, Water, % by volume 1.7 

Total Bitumen, $ by weight 9U.3 

Distillation, % by weight 

To 170°C l.U 
200 1.9 
235 7.5 
270 22.U 
J00 32.8 

Softening ooint of Distillation Residuo 

(R à B) 37.0°c 

Sulfonation Index (total distillate to 

300°C) U.h 

Sulfonation Index (total distillate J00 

to 355°c) 0.U3 

The following admixtures and combinations of admixtures on basis 

of percentage of the dry weight of the soil were usodi 
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SOIL 

East Boston Till 

PERCENT 
BUNKER "C" OIL 

0, 2, h and 6 
0, 1, 2 and U 

0, 2, U and 6 
0, 2, U and 6 

Now Htnpshire Silt 

Frost Heaving Gravel (Denso) 

Frost Heaving Gravel (Loose) 

PERCENT PERCENT 
RT-2 CALCIUM CHLORIDE 

0.5 
1 
2 

O* 2, U and 6 

lt 2, 3 and U 

0, 2, U and 6 
0, 1, 2 and U 
0, 1, 2 and it 

0.5 
1 

3, 6, 8 and 10 
0, 1, 2 and 3 

2 
2, 3.5, U.5 
and 5*5 

c. Preparation of Samples» Each of the throe soils was air 

dried, thoroughly mixed and lumps broken down. All sizes retained on a 

No. I| sieve were removed from the East Boston till. 

Two typos of test specimens wore prepared; those without ad¬ 

mixtures and those with admixtures. Spocimons without admixtures wore ore- 

parod by compacting soil at a prodotormined water content into a split con¬ 

tainer 3*3 inches in dinmoter and 6,5 inches high, (see Plato 1C) to a 

selected unit dry weight. Whero salt only was used as an admixture, it was 

first dissolved in water and thon tho solution added to tho soil. Whero a 

bituminous material only was used as an admixture, the required quantity 

of water was first added and mixed thon the bituminous material was added 

and mixed. Whore both salt and bituminous material were added, the salt was 

dissolved in water and thoroughly mixed with the soil followed by tho ad¬ 

dition of the bituminous material. 

Most specimens were compacted to 95 percent Modified A.A,S,H,0, 

density at the optimum water content for that density. Where admixtures 

were used tho Modified A.A.S.H.O. density was determined for each difforent 

admixture percentage and combinations of admixtures. Some specimens of Nov; 



Hampshire silt were compactöd to a relatively low unit dry weight to invest' 

igate the effoct of compaction. 

The following table summarizes the average molding data for the 

specimens testeds 

Material 

^ator Content 
Dry Weight Unit Dry Weight 

Soil and Ad- of Soil 
mixture Lbs. per cubic ft. 

Avg. Range Avg, Range 

Degree of 
Saturation 
Forcent 

Avg. Range 

Void 
Ratio 

Avg. Range 

East Boston Till 8.1 5-6-9.7 123 
28 samples 

117-127 59 36-77 o.Uo 0.35-0.U7 

New Hampshire Silt 13.8 13.0-1U.9 102 IOI-I03 57 53-65 0.66 0.6U-0.66 
U samples 

(molded at 95 ¿ $ 
mod. AASHÛ density) 

New Hampshire Silt 19.O 18.1-2G.3 95 
U samples 

Frost Heaving Gravel 6.3 5»7-6.7 130 
8 samples 

Frost Heaving Gravel 8.2 7.9-8.6 115 
U samples 

81+-87 56 53-60 0.97 0.93-1.00 

I27-I32 61 57-65 0.29 O.27-O.32 

llU-117 50 l+B-52 0.1+6 0.1)1+-0.1+7 

All specimens were numbered consecutively and all numbers skipped 

represent samples which wore not tested. 

After the samples were molded they wore {hotogro-phed, dipped in 

paraffin so that they were covered with two thin coverings about l/32 of an 

inch thick and thon placed in a greased cardboard tube. Just prior to plac¬ 

ing in the freezing cabinet the paraffin was removed from one end of the 

sample and the open end was placed on a piece of filter paper on a porous 

stone. The cardboard tuba was sealed to the drawer pan by the use of a 

rubber membrane and a clean dry sand placed around the samples for insulation. 

Prior to placing the sample on the porous stone the water level was adjusted 

to the elevation of the top of the porous stone so that water was available 

\ 
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at tho bottom of tho Bamplo. A schematic diagram showing the samples ready 

for freezing is shown on Plato 8. All samples in series B and C wore weighed 

prior to placing on tho porous stone. 

Tho capacity of tho freezing cabinet was l6 samples and a total 

of I4.8 samples wore tested in three series. These series have been differ¬ 

entiated by letters A, B, and C before the sample number. Twonty-cif.ht 

samples wore prepared using the East Boston till, eight samples using the 

New Hampshire silt and 12 samples using the frost heaving gravel, 

d. Tost Procedure. All samples were allowed to absorb water by 

capillarity for aporoximately three- days prior to freezing while they wore 

being brough to temperature equilibrium. The samples were frozen by a 

gradual lowering of the cabinet temperature at tho top of the sample while 

maintaining a constant temperature (i+0°F) at tho bottom of the sample. Tho 

following table shows tho températures applied during the tests. Zero timo 

for each tost is designated as the dato when tho temperature of tho cabinet 

was roducod to 32°F. Tho last date of tho tost is tho day on which the 

samples wore taken from the cabinet to tho cold room where the température 

was approximately U0°F. 
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Days 

-2 
-1 

O 
1 
2 
5 
I 
5 
6 
7 
3 
9 

10 
11 
i^ 
i: 
IL 
13 
16 
17 
18 
19 
20 
21 
2? 
23 

3*?rL js 
A 

Tcv’p. Aecunulat c î 
D 'Proo hrs. 

'■orlos 
jJ 

ïî.-it', Aooinulabr'i 
Donr o hr:, 

oorlos 
C 

Aocumulatod 
Oogruo hrs. 

3L 
33 
32 
32 
31 
30 
¿V 
29 
26 
27 
26 
25 
2L 
23 
22 
20 
16 
16 
IL 
12 
10 

5 
5 
5 
5 
5 

o 
o 
o 

?h 
Le 
?6 

163 
2Lo 
336 
L56 
600 
766 
960 

1176 
Uil6 
170/4 
20L0 
2L2L 
2356 
3336 
386L 
L51? 
S?l6c 
6836 
6L56 
716L 

3L 
3L 
32 
31 
31 
30 
29 
29 
26 
27 
26 
25 
2L 
23 
22 
20 
13 
16 
11 
12 
10 

5 
5 
5 

0 
0 
7 

31 
58 

106 
131 
255 

L7L 
610 
739 
902 

1206 
1LL7 
173L 
2070 
2l$Li 
2636 
3363 
3893 
L530 
5193 
53¾ 

Lo 
35 
32 
31 
31 
55 
30 
97 
27 
26 
26 
25 
2L 
23 
22 
20 
18 
IL 
iL 
13 
11 

5 
5 
5 

0 
0 
0 

2/4 
L8 
h* 

70 
190 

600 
772 
966 

1185 
1L26 
1719 
2057 
2LO6 
2920 
337L 
3879 
L526 
516L 
5802 
6393 

Th'.’ air toaperatures in tho c*ld roun and cabinot wore dotcr- 

r.inoù by »cans cf rna rear y th.'moncters, thcmccouplcs and recording therno- 

granhs. ^ne r cording ^hornograch was r.lr.ccd in the cold room. The second 

recording th'rrogranh was nlnc’d in th: froezine cabinet above the drov/ors, 

Thr'se therr.iogni-hs war used te determino the range of tonperatiaros during 

tho tests, l ’o thorr.om-t ^rr reading to l/5°F woro placed in the cold roori 

and tv/o in th • fn.eting cabin-.t. Two cooper conatantán thermocouples wore 

plv.ced in mt’-iraoie in th». cabin.t nom the top of tho drawora, and two 

wer.' rlacjd in water in th'’ cold room, Pwe additional thormocourles were 

* Tamocrature of cabinet rose to 55®F betaocn 2nd and ^rd day conooiling 
degree hours accumulated. 
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placad in the cnbinet drawers beneath the porous stone to determine tho 

temperature of the water at tho base of the specimen during tho test. 

The temperature control of the freezing cabinet was erratic 

during series C and adjustments in the applied temperatures were made in an 

attempt to make tho dgroe hour curve agree with that of series A and B with-» 

out extending the period of testing. The degree hour curves for each scries 

arc shown on Plate 11. Water was available at the bottom of all samples dur* 

ing the freezing period. It was maintained level near the top of the porous 

stone by means of a discharge pipe adjusted to tho level of the stones as 

shown on Plates 8 and 12. Water was admitted to the system at a rate that 

would allow a very slow runoff from the overflow discharge pipe. This was 

adjusted to the rate at which the sample took on water and was checked fre¬ 

quently each day. Heave measurements wore taken throe times a week during 

tho test. At the start of serios A a scale was used to measure from the top 

of tho sample to a straight edge laid across the freezing cabinDt drawer# 

This method was replaced by one using a 0,001 inch Amos dial cxtcnsomctcr 

permanently mounted on a stool bar that would span the drawer. Two shims 

wore provided which were machined to #001 inch and three extensions were 

provided for the oxtensometer. This arrangement permitted the measuroment 

of approximately four inches of heave as shown on Plate 13. Those samples 

which heaved more than four inches wore measured with a scale. At the com¬ 

pletion of the tests the actual length of each sample was measured as it was 

removed from tho drawers to check the heave measurements. 

At the conclusion of tho freezing period the samples vrero 

removed from the drawers, weighed, the cardboard tube and paraffin removed 

and photographs taken. The samples wore then broken up for the icc lens 



* 

4 

» 

observation and increment wat^r content uctcrminntion. Water contents wore 

taken at approximately every 1.5 inches of height or closer to obtain n vratcr 

content profile after frost action or freezing had occurred. 

c. Summary of Test Results» The throe soils tested wore affected 

by frost action in the untreated state. For the percentages of admixtures 

tested the initial minimum oercentagos which prevented frost action are pre¬ 

sented in the tabulation below. These minimum percentages were reduced an 

amount which is difficult to evaluate duo to the capillary action which took 

P1 ace prior to freezing. 

INITIAL PERCENTAGE OF ADMIXTURE 

Admixture 

Calcium Chloride 

Bunker "C" Oil 

RT-2 

Bunker "C" Oil and 
Calcium Chloride 

RT-2 and 
Calcium Chloride 

East Boston Till 

1% 

6fo 

tyo 

1% 
0.5% 
\% 
o.5% 

New Hampshire 
Silt 

3% (loose) 

>0% 

Not Tested 

Not Tested 

Frost Heaving 

Gravel 

V% (dense) 
2# (looso) 

Not Tested 

Not Tested 

1% 

Not Tested Not Tested 

On Plates ll; to 18 inclusive, the water content data is plot¬ 

ted with the photographs taken before and after freezing for the samples 

with no admixture, for those with a maximum of admixtures which heaved, and 

those with the minimum of admixtures which did not heave. A summary of the 

data from the frost action tests is shown on Table 2, As shown on Table 2 

the dry weight in pounds oor cubic foot before testing was computed for the 

soil alone from the wot weight, the water content, and the percentage of ad¬ 

mixture. The void ratio and degree of saturation shown on this table were 

-21- 
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computed from tho dry weights computed os shown above, tho specific gravity 

of the soil rmd the water content of tho soil before and after testing. 

All samples tested in tho freezing cabinet absorbed water# 

The incroaso in water content is shown on Table 2 in the columns ^Yntcr 

Content" and '"tfater Content of the Bottom Inch", The samples which votq 

not frozen or only partially frozen and which did not show heave as a re** 

suit of frost action might h°ve heaved if the temperature conditions had 

been such that the additional water had been frozen, 

f» Conclusions. On the basis of the r cults obtained the fol¬ 

lowing conclusions aro presented: 

(1) Tho results of tests on admixtures to prevent frost 

action in frost susceptible soils are in general agree¬ 

ment with t'!8ts conducted by 'Vinn and Rutledge and their 

conclusions as quoted in paragraph 7 are consider'd 

reasonable. 

(2) A minimum of 6 percent of Bunker "C" oil for tho East 

Boston till, a minimum of 6 percent RT-2 tar for the 

East Boston till and a percentage greater than 6 per¬ 

cent of Bunker "C" oil for tho Now Hampshire silt was 

required to prevent frost action, 

(3) Frost action was prevented in tho frost susceptiblo soils 

tested, with a mixture of Bunker "C" oil and calcium 

chloride and with a mixture of RT-2 and calcium chloride, 

A maximum percentage of cither 1 percent Bunk r "C" oil 

or RT-2 was required with a maximum percentage of 2 per¬ 

cent calcium chloride. 
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(U) The limitod tests porformt-d indicate that Bunker "C" 

oil, th*: least expensive of the oil products, is as 

satisfactory ns other more expensive bituminous admix¬ 

tures in preventing frost action. 

10, Lonching Tests. 

a. Material Tested. The soil used in the leaching tests ’.vas 

the East Boston till as described in paragraph 9cu 

b. Admixtures. The admixtures consisted of flake calcium 

chloride alone and in combination with Bunker "C" oil. The following ad¬ 

mixtures and combinations of admixtures on basis of percentage of dry weight 

of the soil were used: 

Scries 

2 

2 

2 

Soil 

East Boston Till 

East Boston Till 

East Boston Till 

East Boston Till 

Compaction 

% Mod. AASHO 

Density 

95 

95 

86 

76 

Percent Percent 
Bunker 11C" Oil Calcium Chloride 

0, 0.5, 1, 1.5 
2 and U 2 

0 

0 

0 

0.5, 1, 1.5 and 2 

C.5, 1, 1.5 îmd 2 

0.5, 1, 1.5 mad 2 

c. Test Procedure. Two scries of tests were performed to deter¬ 

mine the rate of loaching of calcium chloride. For all tests the soil was 

prepared as described in paragraph 9c and compacted in either a consolidn.tion 

ring or a lucito cylinder at density indicated in above table. In those 

samples tested in the consolidometer, water was forced upward through the 

test specimens, 1.25 inches thick, under a pressure of six pounds per square 

inch equivalent to u hydraulic gradient of 155• Larger pressures than this 

resulted in the washing of fines from the specimen. The tops of the speci¬ 

mens were loaded to a unit pressure slightly greater than six pound per 

\ 
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squaro inch* The thickness of the samples in the lucito cylinder varied. 

In the samples tested j... the lucite cylinder, water was forced down through 

the tost specimens by a vacuum of approximately nine inches of mercury 

equivalent to a hydraulic gradient of from 87 to lU5* The water which 

passed through the sample was collected. 

The tests in the first series contained both Bunker "C" oil 

and calcium chloride and in the second scries calcium chloride alone. The 

percentages of calcium chloride and the void ratios were varied in the sec¬ 

ond series to determine the effect of void ratio on the rate of leaching 

of the salt. Tests with tho lucite cylinder were observed to detect any 

change in particle arrangement duo to the flow of water thru the sample under 

tho head used. 

The water onssing through tho specimens was periodically test¬ 

ed to determine the presence of calcium chloride in solution. This wa¿ ac¬ 

complished by noting the presence of a white precipitate with the addition 

silver nitrate and when no precipitate was formed, it was assumed that 

all calcium chloride was washed from the specimens. The number of changes 

of water, computed from the volume of voids in the sample and the total 

amount of water passing through the sample, required to wash the salt com¬ 

pletely out of the sample was determined. 

In conjunction with the first series of leading tests, per¬ 

meability tests were performed on duplicate samples using a falling head 

permeamotor, 

d. Summary of Test Results, A summary of the leaching test 

data is shown on Table 3* Several samples were discarded as tho pressures 

used in washing were high enough to cause piping through the samples. Data 



from thoso tests hrwo boon omitted from this report ns they wore not com¬ 

pleted. 

Test results nro generally not consistent. It is bolioved 

that the inconsistencies are duo to stratification accompanying compaction 

of remolded soil of the type used for those tests. The stratification is 

believed to have caused largo variations in the average coefficient of per¬ 

meability, thus affecting directly the timo for leaching. 

e. Conclusions. In general the following conclusions arc ob¬ 

tained from the tost datas 

(1) The time required to loach out the salt was greater whoro 

Bunker "C" oil was added compared to tests whore Bunker 

"C" oil was not added at same unit dry weight. 

(2) A decrease in unit dry weight resulted in a dccrcaso in 

time of leaching where no Bunker "C” oil was added. 

(3) The leaching tests substantiate tests by others proving 

that salt is readily loached from soil, without Bunker 

"C" admixture, by movement of water. Tests where Bunker 

"C" was added indicate a greater timo for leaching which 

does not agree with tests by others using small percent¬ 

ages of other bituminous materials. 

(U) The number of changes of v/ater required to loach tho 

salt was of about the same range regardless of pcrcont- 

agos or combinations of admixturo. The number of changes 

apparently decreases with decreasing unit dry weight 

whore no Bunker "C" oil was added. 

% 
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11« Gonoral Coneluaions. The data obtained to date indioato that tho 

addition of bituminous material to frost suscoptiblo base materials in suf¬ 

ficient quantity may produce a non-frost suscoptiblo baso. However, tho 

percentage of admixture which is required is not a constant nor is its re¬ 

lation to any particular soil property, known at this time. 

If treatment of a frost susceptible base soil is proposed, tests 

should be performed on the material similar to those described herein to 

estimate the amount of admixture required and to determine the most satis¬ 

factory admixture. There is no assurance that the amount so determined 

from laboratory tests will prove successful in actual construction. 

The data also show that salt is the most satisfactory admixture 

for preventing frost action, but it has the major disadvantage of leashing 

or migrating from the soil in the frost zone. 

The addition ofbituminous material with salt apparently retards 

leaching to a minor degree. 

Because of the major disadvantage of migrating, the use of salt, 

either calcium chloride or sodiixn chloride as an admixture is not recommended 

at this time. 
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FROST INVESTIMTION 

BASE COURSE TREATMENT TO PRETENT PROST ACTIO« 

SUMMARY OP FROST ACTION TEST DATA 

SAMPLE 
NO. 

A-l 
A-2 
A-3 
A-l* 
A-5 
A-6 
A-7 
A-8 
A-9 

A-IO 
A-ll 
A-12 
A-13 
A-ll* 
A-l 5 
a-16 

B-l 
B-2 

n 
B-5 
B-6 
B-7 
B-6 
B-9 

B-10 
B-ll 
B-12 

B-15 
B-16 

C-20 
C-19 
C-21 
C-22 
C-8 

C-17 
C-6 
C-7 
C-9 

C-IO 
c-11 
C-l? 
c-13 
c-11* 
c-15 
c-16 

SOIL 
TYPE 

Bast 
Boston 
Till 

N.H. Silt 

Frost 
Hsavlng 
Gravel 

PER CENT AMD TYPE 
OP ADMIXTURE 

BUNKER "C* RT-2 CaClg 

2 
1* 
6 
m 

2 
1* 
6 

2 
1* 
6 

1 
2 
U 

2 
1* 
6 

1 
2 
3 
1* 

WET WT. 
p.o.f. 
BEFORE 

TEST 

3 
6 
6 

10 

1 
2 

5.5 
2 
2 
2 
2 

DENSITY 

DRY WT. 
p.e.f. 
BEFORE 

TEST 

139.1 
138 J* 
133.8 
133.3 
11*0.0 
11*0.9 
I35.O 
132.2 
138.8 
137.8 
132.8 
133.U 
136.6 
133.1* 
133.U 
133.1 

137. U 
139.0 
138.2 
II43.O 
138.5 
138. Í* 
136.7 
137.2 
139.8 
138.7 
138.0 
13U.Í* 
111*. 6 
117.8 
122.3 
121.0 

107.6 
107.2 
106,1 
108.9 
139.1* 
11*0.6 
11*2.9 
11*2.6 
128.8 
128.2 
1&.6 
I3O.8 
11*3.7 

11*3.3 
11*3.3 
11*3.0 

127 
121* 

120 
119 
127 
126 
130 
117 
129 
122 
118 
117 
125 
121 
119 
117 

125 
125 
121* 

122 
126 
123 
122 
127 
127 
12Ó 
I2I* 
121 
101 
101 
IO? 
101 

87 
85 

g 
132 
131 
132 
130 
117 
111* 

111* 

115 
131 
129 
128 
127 

LHiOTH 
OP 

TEST 
IN 

DAYS Ul- 

26 

23 

25 

WATER CONTENT 

END 
OF 

TEST 
% 

1*6.1* 
20.6 
12.9 
а. 7 

13.7 
10.6 
9.5 
б. 1 

13.1 
11.3 

9.1* 
7.5 

*6.8 
21.6 
11.7 
9.3 

U*.0 
12.1* 
10.8 
10.0 
I7.7 
13.6 
12.1* 
9.1 

16 J* 
12.1 
11.1* 
8.1 

102.5 
82.5 
82.7 
63.1 

26.2 
23.2 
23.8 
22.8 
11.2 
10.0 
9.1 
8.1 
9.7 
9.0 
8.9 
8.5 
8.0 

7.6 
7.1* 
7.1 

START 
OP 

TEST 
% 

9.7 
9.2 
7.1 
6.2 
9.1; 
9.0 
6.9 
5.6 
8.9 
8.8 
6.5 
5.8 
9.6 
8.0 
7.7 
7.5 

8.6 
9.0 
8.5 
9.1* 
9.2 
9.0 
8.1* 
7.7 
9.2 
8.6 
8.1 
6.6 

13.1* 
13.9 
1U.9 
13.0 

20.3 
19.1* 
18.1 
18.1 
5.7 
6.0 
6.1* 
6.7 
8.3 
8.6 
8.C 
7.9 
6.1* 

6.5 
8.1* 
6.6 

GAIN 
DURING 

TEST 
% 

START 
OF 

TEST 
% 

36.7 
11.1* 
5.8 
2.5 
1*.3 
1.6 
2.6 
0.5 
1*.2 
2.5 
2.9 
1.7 

37.2 
13.6 
l*.0 
1.8 

5.I* 
3.I* 
2.3 
0.6 
8.5 
1*.6 
l*.o 
1.1* 
7.2 
3.5 
3.3 
1.5 

89.1 
68.6 
67.8 
50.1 

5.9 
3.8 
5.7 
1*.7 
5.5 
U.o 
3.7 
1.1* 
1.1* 
O.L 
0.9 
0.6 
1.6 
1.1 
1.0 
0.5 

SATURATION 

END 
OF 

TEST 

77 
69 
ItB 
1*1 
75 
70 
1*7 
36 
66 
63 
1*2 
37 
71 
51* 

£ 

65 
68 
62 
67 
71 
68 
60 
55 
72 
66 
Ó1 
1*5 
55 
33 
65 
56 

60 

5I* 
53 
57 
59 

100/ 
100/ 
87 
56 

100/ 
83 
65 
39 

100 
80 
60 
1*8 

100/ 
100/ 

70 
58 

100/ 
100/ 
79 

, 
100/ 
100/ 

52 

S 
62 
59 
58 

VOID 
RATIO 

AT 
TART 

100/ 
93 
86 

55 / 100/ 
loo/ 
100/ 
100/ 

78 
6? 
71 
67, 

loo/ 
99 
92 
77 
61 
5I* 
53 
53 
80 
73 
¿9 
63 

35 r 1*2 
Jll* 
35 

.1*6 

:E 
.1*5 
J*6 

£ 
/*3 
•1*7 

•37 
•37 

:S 
.36 
.37 

£ 
.35 
.36 

:S 
.66 
.66 
.61* 
.66 

.93 

.98 

.98 
l.oo 

•27 
¿7 
27 

WAT® CONTENT 
OF BOTTOM INCH 

BEFORE 

TEST 

10 
9 
7 
6 
9 
9 
7 
6 
9 
9 
6 
6 

10 
8 
8 
7 

9 
9 
8 
9 
9 
9 
8 
8 
9 
9 
8 
7 

5 
15 
13 

20 
19 
18 
18 
6 
6 
6 
7 
8 
9 
8 
8 
6 
7 
6 
7 

AFTER 
TEST 

DBOREB 
HOURS 

IN 
TEST 

110 
79 
1*1 
13 
13 
12 
11 
9 

12 
11* 
11 
9 

21 
21* 
15 
11 

15 
11* 
15 
11 
18 
16 
11* 
12 
19 
13 

U 
29 
26 
21 
20 

31 
27 
32 
26 
11 
10 
9 
8 

12 
10 
10 
10 
8 

9 
9 

10 

7155 

5651* 

6393 

DEOREE 
HOURS 

TO 
START 

OF 
HKAVB 

793 
1205 
3931 

:931 

639 
2912 
5871 

17>5 

21*55 

620 
620 
620 
620 

966 

(A) - LENGTH OF TEST COMPUTED PROM TIME SAMPLE PLACET IN DRAKfiR UNTIL REMOVED. 



PROST INTIS TI OAT I ON 



WAR DEPARTMENT 

FROST INVES 

SUMMARY OF LBACHX 

BASE COURSE TREATMENT TO 

Sample 
No. 

1 
2 
2c 
2c* 
5 
U 
Ub 
5 
6 
6* 

1- 0.5CA 
2- 1.OCA 
5-1.5SA 
U-2.CCA 
1- 0.5CB 
2- 1.OCB 
5-1.5CB 
U-2.0CB 
1- 0.5CC 
2- 1.OCC 
5-1.5CC 
U-2.0CC 

Percent 

Calcium 
Chloride 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

0.5 
1.0 
1.5 
2.0 
0.5 
1.0 
1.5 
2.C 

0.5 
i.o 
1.5 
2.0 

Percent 
Junker 
•c" Oil 

0 
2 
2 
2 
h 
1 
1 
1.5 
0.5 
0.5 

Unit dry 
wei ght. 

pcf 

Water Content 

Before 
Tenting 

125 
12!* 
121* 

1?5 
121 
126 
126 
125 
125 
125 

127 
125 
127 
123 
113 
115 U 
99 

102 
103 
96 

8.8 
3.7 
8.2 
8.2 
6.8 
8.6 
8.7 
8.5 
8.6 
8.3 

8.7 
9.5 
9.8 
8.8 
7.U 
7.2 
9.8 
8.2 
8.3 
6.8 

10.U 
8.3 

After 
eating 

Yol. of Void 
Void* I Ratio 

co I • 

1U.6 
13.1 
13.3 
11.5 
13.2 
12.8 
13.7 
13.6 
13.1* 
13.3 

13.2 
13.0 
13.5 
i£.6 
16.3 
17.2 
16. U 
15.2 
18.2 
16.2 
17.6 
17. U 

81.9 
30.5 
80.2 
>*2.2 
82.1 
76.8 
77.3 
78.3 
79.3 
79.0 

0.392 
0.381 
0.380 
0.390 
0.389 
0.337 
0.358 
0.361* 
0.373 
0.368 

65.6 
33.7 
59 J* 
81.9 
99.1 
99.7 
98.2 
68.2 
1*1.1 
82.3 
1*5.7 
82.3 

•3tó 
.3¾ 

>•31*8 
>.392 
).510 
.519 

>•509 
>.505 
>.721 
>.677 
>.670 
>.7l*5 

Deg* 

Befe 

6* 
62- 
59. 

7 è 
«41 

g 

62 
6l| 

68 
TO] 
77i 
611 

* 
37 

1*1* 

131 
27 
1*2 

e Material and mix aame aa 2c. Teat performed in Lucite Cylinder« 
Notes Sample No. 1 aame aa aample No. 1* - 2.0CA 



CORPS OT ENGINEERS, U.S ARMY 

FROST INVESTIGATION 

pPY OF LEACHING TEST DATA 

TREATMENT TO PREVENT FROST ACTION 

1 
Void 

Degree of Saturation 

% 

Coefficient 
of 

Permeability 
10-1* 

Hydraulic 
Gradient 

No. of 

Changes cf 
Water in 
Sasiple to 
Leach Salt 

Tiaa 
Required 
to Leaoh 
Salt 
hours 

Test 
Performed 

In 
KA vlO 

• Before 

Teating 

After 

Teeting 

0.392 
0.331 
0.390 
0.390 
0.389 
0.537 
0.35Ö 
0.361* 
0.373 
0.368 

0.31*9 
0.37U 
0.3/*8 
0.392 
0.510 
0.519 
C.509 
0.505 
0.721 
3.677 
3.670 
3.71*5 

61.6 
62.6 
59.2 
59.2 
1*7.9 
70.0 
66.3 
6!*.l 
62.9 
61.8 

66.0 
70.0 
77.1* 
61.6 
59.5 
37.8 
52.8 
1*1*. 6 
31.6 
27 J* 
1*2.5 
30.6 

100 » 
9l*.3 
96.0 
98.9 
93.1 

100 » 
100 a 
100 ♦ 
93.5 
99.1 

100 f 
95.0 

100 ♦ 
100 t 
87.7 
91.0 
88.1* 
32.1* 
¿9.3 
65.7 
72.1 
6i*.l 

O.OO6 
G.OO7 
O.OO7 
O.OO7 
0.0001*5 
0.002 
0.002 
0.200 
0.200 
0.280 

m 

m 

m 

m 

<m 

m 

133 
133 
133 
11*5 
133 
133 
133 
133 
133 
133 

87 
87 
95 

133 
133 
133 
133 
107 
109 
107 
95 

113 

21 
52 
28 
1*1* 
12 
11* 
15 
11 
1*8 
20 

13 
9 

51* 
21 
16 

2 
21* 
18 
10 
17 
11 

26 
360 
21*7 
23O 
25I* 
21*5 
192 
177 
365 
129 

$ 
31*9 
26 
72 
97 

126 
159 

71* 
121 

35 
73 

Consolido- 
me ter 

• 

Luclte Cyl. 
Consolldo- 

meter 
A 

A 

A 

A 

Aicite Cyl. 
• 
« 

ionsolido- 

meter 
• 
■ 

Aiolte Cyl. 
A 

A 

A 

A 

table 3 

« 
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WAR DEPARTMENT CORPS OP ENGINEERS. U S ARMY 

RAW SOIL I 321 l%32l+04% 2 «fc STABINOL 
Fc504 

RESINOUS WATER REPELLENTS FOR SOILS 

SLOW FREEZE TEST 

SAMPLE 3_ _ SILTY CLAY 

PLATE 3 



WAS DEPARTMENT CORPS PE ENGINEERS, U. S. ARMY 

RAW SOIL 1¾ 321 1^,3214-04% 2%STABINOL 
FtSO« 

RESINOUS WATER REPELLENTS FOR SOILS 

SLOW FREEZE TEST 

SAMPLE 5 CLAYEY SILT 

PLATE 4 
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY 

RAW SOIL I «II. 321 IH. 321+04% 2%STABINOL 
FcS04 

RESINOUS WATER REPELLENTS TOR SOILS 

SLOW FREEZE TEST 

SAMPLE 6 _ CLAYEY SILT 

PLATE 5 
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/"

(LAPMo riMK IN oAra

RCSINOUS WATCH HCPCLLCNTS POR SOILS

SLOW FREEZE TEST
SAMPLE 7 _____________ SANDY SILT

PLATE 6 i
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WAR DEPARTMENT 

RAW SOIL 

CORPS OF ENGINEERS, U S ARMY 

1*321 •* 321 +04% 2% STABINOL 
F1SO4 

ELAPSED TIME IN DAYS 

RESINOUS WATER REPELLENTS FOR SOILS 

SLOW FREEZE TEST 

SAMPLE S _ GRAVELLY CLAY SAND 

PLATE 7 



WAR DEPARTMENT 

Cart insolation , 

fECTlQN A-A 
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Î! 

CORPS OF ENGINEERS .U S ARMY 

ISOMETRIC VIEW OF FREEZING CABINET 
SCALC !'• l'0" 

DIAGRAM OF SAMPLE DRAWER 

FROST INVESTIGATION 
BASE COURSE TRE^.TMENT 

TO PREVENT FROST ACTION 

DETAILS OF COLD ROOM 

AND SAMPLE DRAWER 

FBPST ff Ft LAaOWATWr,BO8T0N.>AAM JUND»« 

o PLATE 8 
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WAR DEPARTMENT 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

10 

(0 
UJ 
I 
U 
z 

UJ 
> 
< 
u 
I 

J 
SER 

SER 

IES 

IES 

A — 

B -- 

SER IES c —- — 

SERIES B 

SERIES A 

i_ 

^+"A-I NO ADMIXTURE 1- 

A-2 27» BUNKER C" OIL 

^A-3 47« BUNKER C OIL 

¿y B-5 O.sT» CACLj. 

—jßr B-9 0.5% CA CL ï. 

>"A-I3 NO ADM!XTUI\E 

A-14 2% RT- 2 

>"A-I5 4% RT - 2 - 

^ B-13 NO ADMIXTURE — 

B- 14 2% BUNKER'C"0IL 

>^B-I5 4% BUNKER VOIL 

B-16 6% BUNKER VOIL- 

^ C-8 NO ADMIXTURE 

■-EAS T BO STON TILL 

--NEW HAN PSHIF E SU -T 

" FRO 5T HI [AVIN< i GR/ VEL 

_ «T*„ > 
10 12 13 14 15 

TIME IN DAYS 



CORPS OF ENGINEERS.U S. ARMY 

FROST INVESTIGATION 
BASE COURSE TREATMENT 

TO PREVENT FROST ACTION 

RATE OF HEAVE AND 

CUMULATIVE TEMPERATURE DIAGRAM 

FROST EFFECTS LABORATORY , BOSTON, MASS 

PLATE I I 



m p 

Freezing cabinet showing Method used to 
supply water to the samples 

PLATE 12 



Measuring Heave «Ith 0.001 Inch 
Extensometer PLATE 13 

% 
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PLATE 16 
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PLATE 17 
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PLATE 18 




