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The11 purpose -of this tudy Is to perform, a Oreliminary concep-WA1 -design

inf latable bdwri* for the 1$ is LS*3 (Landing, $hip Taik). h

new 1179 Plss LST -has an oyerAthe-bow t&p for rb] l-on, ro.-0

issaul t vehiclies ahdi MCB ("Abi1. Constructi-on Batt-ail (on), construction

ecqulpamnt. the pOresent -raki is aprx aty'6 ft. wi de, 4 ;ft. deept

14W ft. long, and weighs 36.6 shdrt, tons. It is a welded altuini

structire, and. is stowed on the mhai n deck l1evel'. See Photos, on

,Page 41

The fiullowingq perrmane _ru.r foe~ the inflatable boPW rar

woere authorizeid by th-q-Navy, and wer~e treated- as, desi-gn pareters.

,The, refi ned designq. analys4is willI atteapt to, iatisfy as any 4 f the

paramters as possible.

Periormarnca Reculrements,

A. The inflastabl e emwp shal I form a brdge for the transfer

of ilitary vehiclesbtwen the ship adbec.or pontoon cause-

way. The shipboard end of thi e r unmist be free to rotate

t*orizontal ly through an arc of 1$ degrees to port' or starboard*

(30* excursion') o~f the shipl.s centertine.. the causeway end of the

ramp~ must be free to-roltate through an arc of 12 degree*. to port oir

starboard of the causeway ceoterline as well as move 20. feet

'4 longitudinally. The bearing surfaces of the ramp shall be dett-nO

to resi-st the, forces generated by friction due to -the ship's motion.,

The ranp s~ha'll be 'capAble of .atconrodating, ±10 degrees of ship roll

when the outboard tOnd of the ramp i s supported on a causeway.



ft.4. aitt)Sizdi The rmm, shal' : have. a ffifninmum length6 of 11-0: feet and,

mfium wi dth of 16, feet such that qjhres- -i ce ia§ag of iiiT pry ---- 1
*v.hi cles;u oteHV3tn -and, construction equipnie~t used by

the PCB's is.possible. MCB equipmient 2includes such vehicle* as

scrapersj truck cranes' a-d, low-boy trai'ler/tractors. The verticalI
inclination of the ramp w1ilI vary from.10 to 20 degrees for the

I-1-10 foot ramp.

C. Design Loads. The raWl shall be capable of supporting the loads

'ipqsed by the M-i03 tank (60 tons) and AASHO (Amrican Association

o6f -State Ifi-q)w~y -Of f-'iialIs)- 'H2 wheel- loadi ng- i f the'f '.ully extended

position. I ntemediate rahp suopports mnay be- Irncorpprated, i nto the

i infl1atabl e r~o systen. the ramp shall be capable, of supporting

-the local -loading of milI tary; vehicles with tracik: -and pneumatic

tires.

II. ertionalReuireents. Complete exten~ion or- retraction ocf the,
ramp shall. be accomplished in no. --.-re thaln ten (O)-minutes in

win-ds vp 16o0 30 knots. In the ,beaching conditions, provisions shaHl

be madte t assure -negative buoyancy when the outboard' end i1s

loweread _i ;to, L feet of viater with-5-foot breaking, waves.'

E. Special Requirerhents.

I1. The ramp surf ace used for vehi-cle 'traf f ic shall be desi gned' to

- assure positive traction ',or all vehicles at the-6maximum ramp,

inclination (-20 degr~es)* Positive traction shall ~be rai intai ned

when vehi'cles. move over the transition zones at both ends of

-the ramp..



3
-2. The renp shafil, be designed for Grade "A" shock loads accoeding

- - to-lii-ta rY-SPei-fi:ctt-ion-S-9O-(-Nav >4.-inits towedpos . tion ..

3, The rap-shall withstand the forces imposed by green seas and

ship mOtions in storm condi.,tioas whi-le stowed.

4. The ranp stowage confi-guration shal-l be a-. coqpact as practical

-to conserv, eAck space.

5.. The, ragp shall be, designed to absorb damage by -enemy action

without compromising its structural integrity,.

6,. Thu rap inflation system shalT be self replehishing for

- rultiplr! use.-

4 7. Repair of the ramp shall be withi'n the capabilit' of shipboard

personnel and equipmeryt.

lif cyci cost of the inflatable ranip shall be comparable

to the existing bow rang-.4

1i

SI
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.. "--oh e-tL r 'a le-o-- l h)l-:e- i o ed w h-a v ap- n f-vehi i- e s-.... ..

ranging from a 60 ton tank .to 'a, 1/4 ton jeep, a- bar graph showing -1,

typical vehicles and gross weights of each was.,prepared in order that

a graphical rqlationship of loads, could be vi'sualized (refcr to

Figure Nb I:):. These vehicles, with the .exception, of the ii101 tank,

4, fa:l, under the P-Z5 allowance of automotive equipment.

Conversely, the bending moments that are created for different "load

- - _ - .si-uations as vehicles move along the ramp were computed' and are -

plotted in Fi'gure No. '2. This is assuming that only one vehicle was

on the ra!,p at a tine., Refer to ; ,pp ,endix tk for the .calculations.

The inclination of the ramp is also iiportant in determining the

vertical. load component of the force normal to the roadway surface.

ror a conservative desi'qn, however, the ra,p was consi'dered to b., in a

horiZontal position, therefore creating' the maXimum vertical -cotr. n "

of the force equal to .the, weight of the. vehi'cl.e. The effe7ts of the

horizontal force created along the ramp at maxinrfuii inclination (QO)

wi 11 he discussed in the refined design pqrtion, of the report.

-nce t;ir, ilu3 tanh is the heaviest of the vehicles normldly using

the uow, rarmp, the preliminary design for each of the conceptual con-

figurationt is based on a concentrated point l'r:ad of ou tons moving,

long tile ramp, which has a clear span of ,110 feet. This again iL a

.Ji;tly con,,.ervative design assumption, since Lhe t-ank load is

)ctual-ly distriouted over a length of tr'acks (l;4 in.). Alsot the

tot:ol lenth of tile bow ramp is 110 Feet, indicating that after

supportiiq the rarp at each ,nild, the actual cleor span is sorsething

less i.vn I H feet.



WEIGHT -COMPARISON O,)F T-YPICAL1
'VEHICLESUSED O1NBOW RAMP

4,~M103, TANK

5 TOTACTOR-(*-0607 + LOW:- BOY TRAILER
44'0626) + DOZE1R(480

f4,6,Y, SCRAPEP. -

0(,475Q j

5 TON, TRACTOR -(: '6O7 ),
-Z 14 ToN VAN. TRAILER

_'PETTIBONE 6OTK UX

-1T 1/DCMP.G TRUCK

74 1/4 TON UTILITY

4 0 10 2 30 40 50 60 7'0 80 s0 l00 110 120 130

GROSS WEIGHT (:x1 VLBSJl*

*GROSS 'WEIGHTS LISTED ARE 'BASED ON PAYLOADS
FOR, CROSS,-COUNTRY TRAVEL
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DES' IGI M~ALYSI'S

Appendicpes 8 and F -of this report -explAin h. derivation-W6f qudtios lus

to analyze the various fabric stresses, Inflation pressures, and

deflections that wi'll, be anticipated in the iflIatabl e bow r ani. The

derivations are rather, seif.-explaniatory if foowi'd through in' a

systematicmae.

The basic dtheory, applifed to anal yzi ng a sTFucture of 'thi's -type, is&

conmionly referred to as 'linitfal wrinkle theory." Tha;, is,t inflating-

a structure to, a point where the tension in the fabri'c due to inflation

pressure, equals the coTression -force along. the fabric due to bending

moment. Theoretica~lly, when these two forces. are equal,, the structure

should just start to wrinkle. Tests have shown that the structure will

not coll:apse at thi~s poi'nt, however, but that only local-wrinklihg in

the upper skin at the Ooi nt of the, load wll 1-be i ni tiated. Actual

collapse typically occurs when approximately twice, this -design lo6ad

is applied, to the structure.
IY

the basic formul as used i n anal yzi ng an i nflIated ;beam wi th, th- I'ni-tial,

virird<Ie theory are :

1I4FLATION STRESSES

~ji~ .F p A--E.1

wheee-F Force on Fabric

p inflation Pressure

A Cross-Sectional Arta

si F/C (EQ. 2)
where Si Fabric Stress per Unit (11)

F =SiC
Width due to Infl-ation Pressure

C Circumferenpe of Section~



Theroforei,- -

~C pA (E.) --

BEND IM [STS S

Resi stivye -kwiant E~~ A) -(.. ~

-ref~ % ~t r-css i n ski n per Unit th- -

-- of Fabric :(tensioro or compression)

Aince -the skits oxust baq, pretensioned 'by inf-lation, pressure to-"resVt

cotbrwessjoh -loads, produced by bending. rmoment (ini-tal wrinkle --%e6ry),t

then

-fs

:114 Bending Moment

e&.iuixred infla~tion pressure to cArry bending moi.ient

t) C1 14 5

The ~xqnloncitudi-nal fabric stress is in the tension zone of the

structture, ao4 isL o-qual to S. + fs* Since Si =fs, the maximum

I-nriltudinal fabric stress 2i

The Ioaxii~u;.i transverse fabric stress ;)R where R~ radiusI (sir~ple 11o0P Stress).
It should be noted that ini-tiAl wrinkle thieory was used on all -.f the

orc-irainary conceptual configurcations, except P~os. 3, 6., 9, and, 10

!t,~ riquri 3) In concepts 3 and 6 the baisic formtulas for hoop

LMn-Sian jovcrr~O sisce the inflated fa~bric portion was not required to

r sis t hendi ng r'ioiient. In concepts 9 and 10, -.pecial hybrid structures

.PNre investigated, which made use of aloaiinit st'ructural components,

41ong with fabric bladders. The theory used to evaluate these hybrid

structares is discussed later in the report,*
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GEURALtO~~lIS O FARICSTRG~ M I SMIZATION SYSTM

'A-study of va!rius- aeterlils avialeothe inWket, exclu~ding

16tNitc stat~f-th.'-art ktpe stllbe researchwd, indicate that A

rag -of faibric strengt iould-goat high os 3000 to 4W0O Pounds -0er

ich tsi tenh.Fabrica-mwith these .high 5gtrengths are usually

several plies -and becomdifficut -to handl6-t From past eOpeiece

,M we-r-,conidiering toughness and W rktbi lity, fabric strengths wi
to -1 OCO pounds, per, -inch viuld be_ consi dered in, a normal -range.

Ai~re detailed report on -fabric typos and.uakeOUP, a&long -withata

test roports# Is in~cluded with the rafined, design study at the end 4
of th O-report.

pc revieWing various type 6f inlto ytasttaeavailTable,

MaM wee, dropped from further 'onsidertinothbsitathet

could not deliver thqe large -volui* and ral.&tiVely high pressures,- that

Are. required, to quickly- inflate the raep- for -the spOcif led 10JminuteV
dploymet time. I-t was, aS140found that- in the systems availablep forf

pressures over 10 psi,, there was,,a* substanti l jug" in the hors~pw'r

equlred to %irive the uni-t. --tor these easons then,# a normal rtange' df

inflation pressures of 01to 10 psi Wero considered in the preliminary

investicitibo.

A-more detafled report o,-, inflation, Ayst,"s is ihelodtd with the

refined design "'halys sat the endof the reporte



-CORCEOTUAL (.ONIGURATIO4S. ANDf -PRELIMWAY fEASIB I LITY, EVALUATI ON

tiuch reseaech was conducted in -order torevi ew "id sLtxrJ1li z& current

state of the ert and st-fuctu'ral, forms -that -rhght bg applicable to the

SpeciE-ic requir-ints 'for the inflatable'ow- r~rqp. Various -agenciets

or organizations -that were in any w~y connected with research that

miight apply to this study Were 'qohtacted; the irt-ormnation gathered

is tabul ated' i n the,.1 i st 6f ref erehces at the endk of- the- report. it

might be noted that -the Engli A at the MiA i ta y Engi neering- Experi'-

menta~l Establi ihment at Chri ttchurcht 'Hampshi re, England -seem. to, be

the foreleaders in developi .ng and testing various inflatale, single

span bridges. These bridges ranged in. sp-ans from 20 to 30' feet; Ond

carrie-d loads i'n the' nefghborhood of-] to '1 1/2 tons. /As, iniformatiohj

on thi-s work was the only data avail-able 'that -was directly related to

i nflIatabl e bridges of the type that vie are concerned' with,, and, si nce

ou'r design-requi'rements were of a n'ature that 'far exceeded those used

by the-English, it vias imperative that a new and completely unique

type of structural form or forms must be develIoped tp parry the high

'loads (60' tons,) over the 'relatively long clear span of 1,1 feet.''

ith- this- in mind, we were able to, arrive at ten different preliminary

conceptual- configurations. These preliminary designs spanned a wide
4'9

range of conceivable means of using the inflated structure principle.

iNefer to Figure 3 which shows a gonei-al' elevation and section vi-ew of

each configuration, along-with a chaft showing a comparison of various

propertites of each concept. The preliminary design calculations for

each concept are shown in Appen~dix C, aid'a brief discussion of each#
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with specific reference to the zalcqjations, will follow. The pre-

li'lnrary design inforratio was :tabulated and a review and evaluation

of each cncept was conducted at a,,Meeting between Birdair and Navy,

personnel iR, order to arrive at one or more concepts to consider for

refined designQ, The factors that were used in evaluating: the feasi-

bility of each concept are listed on Figure 32 along wi-th ,additional

corments that follow.

Refer to Figure 4 which lists, possible operational r thods for each,

-oncepti and Figure - which tabulates the, required fabric strength

that is required after the dead load-of the structure is addfd to the

fabric stress and then a factor of safety of three applied.

It should also be noted that in each concept, Some type of roadway,

surface Or decking is required ,to protect the fabric from abiasion I
under track vehicles, and also to maintain positive ,traction for

vehicles using the ramp.

*Some, research Was .conducted in determining various materials which

might be applicable for the roadway surface. Since-ihe surface should

probably be flexible and. have the abil Ity to be rol led or folded for

storage, the following materials were under consideration:

(a) 'Non-skid conveyor belt fabric (photo No. 1). This material is

light weight .and flexible , and could easi~ly be bonded to the

fabric ramp. Lab tests conducted by Birdair indicate that the

coefficient of friction between this material and neoprene is

approximately .6, and when in contact with steel, approximately .5.

I
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(b) A type of landing mat (MO-MAT)-that is used in the mi-litary Was

also under consi-deration because-of its fl'exibility (photo No. 2)-.

No information was.readily available that stated coefficients of

frtctib. This type of -material would have to ,be. stiffened up

stfucturally in the transverse direction in order to distribute

wheel loads.

(c) A .rgid type of aluminum, grating that coul'dpossibly be folded i's-] shown in Photos 3 and'4. Coefficients-of frirction vary according

I to the type of surface, and. panels .are ayailable in various sizes.

Concept No. 1 -Dual-Wal-1. Beam.

The basic idea in this conctpt was to form a beam whi.ch would span. the

4 full 10, ft. It would consist of an upper and lower fabric skin, with

a series of vertical fabric webs which, would maintain the shape of the

ramp and carry the shear loads along the ramp. Thus it is of the

simplest air structure form., a dual-wal'I beam, or, if the webs are

replaced with drop cords, airmat., In order for the top skin to carry

the compressive force created by the bending' momentp the str'ucture jmust

be inflated to a theoretical- point at which the tension due to-inflation

pressure equals the compression due to bending moment (.initial wrinkle

theory). Likewise, the tehsi'on in thebottom skin Is the sunmation of

The tension due to inflation pressure, plus the tension due to bending

momen t.

On that basis then, the fabric stresses and inflation pressures required

to resist the maximum bending moment fpr varying depth sections were

computed. A graph of the results is shown on Page C 4 and. assuming a
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inaM uii depth of 150 inches at inidspan is the optinum, an inflation
~I.

pressure of 15.7 psi is required with the maximwn fabric stress of

1704 lbs. per inch. After 6djustingthe fabric stress for dead, load
of the -ramp, and. then ap'plying factor ysafe .three, the,

required fabric strenji.h 6,132 Ibs. :p r inch ;( reer to.F.iure 5).

After eiew4 thi,s concept ws dropped , from continui ng stvdy 'for th

foll6viiiig, reasons: -

(,a) In kei P gwih7 frabri t :types that ard teai1y avai-abl-& -on the-"'

market, thire. is no fabric that will meet the requi~red, strength -

of j6132 bs. per Inchi and, stil' maintain the f .exibi 1ity that fS

required 'for ease in €onstructing and handling i structureof this

size.

(b)- Also, the high inflation pressure of 15.7 psipiOesents some probf-ems

in selecting, an inflator that wi 1 inflate the rair in 10 mirutes.

I:t should be noted,,. however, that if lighter load and shorter spans

were considered, this concept, might prove to be very feasible.

Concept No. 2 - Dual-Wall Beam with Suport

The idea here was the same as Concept No. 1, ,except that by using a.

support at midspan, the bending nment would decrease, therefore allow-

ing the inflation pressure and fabr;c stress to decrease. Assuming,

again an optimum depth of 150 inches (refer to Page C $), the tnflation

pressure required is 6,4 psi, and the fabric stress is 692 lbs. per

inch. i fter adj.usting the fabric stress for dead load, and then apply-

ing a factor of safety of three, the required fabric strength is -

22 -lbs. per inch (ref-er to Figure 5-).



_Af ter req ew, -thi s tohcept was considered Xq 'have some -possi bii-ties

or -,z -.e refned: ,Oesfgn._ The fabric strength required, is rzther3

-og~ iut, noft out. of reacli, of some of' the newer falirAcs, on- -the market.

With the ibfl ction, pressure of-6.4 psip there 'i s no proble' inh find4i ngj
an infho tI t can deie h ou~o r requi red to -get the

strud-ture up, to pressure. ii" 10-minutes.

The eff ect of more than oni i ntermecli'ate. iupport shoulda be cniee

ith the reffined desi gn. anal ysis.i

-Concept--No. 3 .- O-ual.-W 4J1il Wedge,

The ,princip-le here was to formr an, inflatable wedge that simply carries.
the load by f loati-ng on the water,. The ranm, would conlsist of a, se~ries

of' vertical, dualrwaill sections (see Page C 20), that, when inflated,

requredwoutd-e deacly ~l'tedto the local wheel or tr-ack 'load-

ing,, and- inti aewu-by , a 0 orsi Pb testenT.afnto

of el- d',afiqte, a&,for a50-inch cell di-ameter, the resulting. fabric

stress- is 250. lbs. per inch -(ePageC1) Apligafco-f

safety of three, the required fabric strength is 750 lbs. per inch.

Although the fabric-strength required is well within the limits of

Efabric types available, thdi inflation piressure is a little high -for

the inflaton systems being cdnsi-dered.

Other, and probably more importantI. reasons for not pursuing this

concept are the fact that this rigid type of wedge cannot accommodate

varying degrees of inclinatton that are required for use on a -causewayt

or when landing on a beach. Also, since the wedge has a large surface



141

as-ca,-the contact of 5 ft. breaking, waves, along-wi th the effects of

30-knot windsi, make it possible to develop a moment of 39 milIlion foot

pountds,, at the shipboard-end of the pp. Therefore, guying or anchor-

ing of thi-s wedge concept is reqpiired when high winds and waves exist.

A f in4l point 'to -0 considered is thle buoyancy effects, of the ramp- as,

-a I i-ton tank mw~es across. As the tank first leaves the ship and

debarks down: :the raw., hi gh- shear stresses are developed at the-t hip-

hoard end of -the raqsj. Provi-sion must be made to handle these shear

stresses unti-1 an aporoppcate volume of water is displ-aced to offset

the wei ght of the tank. Al so., as the 'taiik approaches the extended end,

approxim1ate-ly the 1;last 20 'feet will pink aid, rest on th6 boti;om In

4 feet of water. 'ReFerence grapo on Page C 28. This situation alone

creates diffi'Llty- with transition areas between the extqncfed- end of the4

-rair and a floating causeway. For tivqse reasons, then,, thi-s concept was,

dropped, from fur-ther i nves ti gati on..

Concept No. 4~ - Dual.,Wal I Tunriel.

The idea here was- to create the required depth of section.-to carry thle

benc~ing moment, and in so doi ng irake use of a box. secti on i n whi ch the,

vehicles actually debark along the inside of the section. The design.

method is siriflas- to Concept lo. I-, that i-s, the fabric mnust be pre-

tensioned with enough inflation pressure to resist the compress-ive force

due to bendingi moment. Inflation pressure versus cell- depth is plotted

Oil Page C 131,; for an optimum depth of 6 feet, an inflation rressure of

,j. psi is reqired and the maximum fabric stress is 624 lbs. per inch.

Adjusting thi-s figure fer dead load and applying a safety factor of

three, the required fabric strength is 2247 lbs. per inch (reference

Figure 5).



The fabri c strength -And the iflIati on ,pressure f all wi thi n the I mi ts

of rnteri-aj;s Avai'l-able to handle-the requirements;, howeveir,, the, size

andtvdl nerabi, I i ty 'from, enem tak ln iha prpit mehd

for- operati ng thi-s concept,, presented, -some q,,uestiona~ble0 areas. 'For

these reasons then, thi s cqhcet was droppe frmfurther-qcpi00,40eai icn.

Tlhe theory in, this concept Was to formh twc ;paraboli'c shaped ,tubes, which

woulfd 'in, turn support a road~ay, system, by-, a eisofs vsesion cab

A computer program was wri-tten th)at analyzes the moment, on the akr ch -qS -

'the l1oad moves- & long the roadway I t shoQuld, beg. noted that the tank lcocI-

ing was- di stributed' over three cabl-es per si-de.. -Tht. reult. are sP-tNi

on Paoe C 54. Ihen, applying the iA:'61a wrinkle 'theory (cis, sed A &

the prece~dinig dual-iwal'l concepts), it was fo-und that for a 10 foot

diameter tube, an infl-ation' pre~sgre. of 7.4:psi and a f-abric stresA -of

7-76 pounds per inch were required. (See graph-o dPa+ge C 58. Af ter,

adjusting the fabric stress for dead- load and- ~pa. l z factor of'

safety of three, the requiredfabfi~c. strength i's 26,19' pounds p ,r Inch.

Again,, the fabric strergth and' iniflation, pressure fai'l within the limi'ts

.of materials available 'o- iot these requireents. Ho everv the si ;e

-Of this conq ept le4ft us wi th. no featsibl e or pradti-cal m~thod. of, attqchr

i gtearches to th& ~hi'p Also, the greaft vui nera Ii ty -from- enemy

attack astoc-jgted -ith, quiJc* oplapse 'led us to tha conclusion thot

this concept~ did not Justify furth~e investigation.

IL -,-A.



-The (dee in thi cancipwattfoe* Ah inaal sytn nr§0h ue

ac~~~~ju~~~~gO aihlk e ol ar h pesio* loads independent o6f

"_ th es f h truture. The tenikidn loads would_ 'e, WH rid tlo-bye&

[ cbleslig hic ~Md'b ataced ateach, end&to, 4 -bu Ikhead. A

- 1 b t i fW r resting on thecbe CWoud suppOrt thehe:-abt- rb&ay. -AAny
deflection oqf this, cable sling wokAt notdeflect t'.opsintbs

sic thyaeonly, in, contact, at the endt. On 'this- oAsis than, i.t- was

'fOund ba for a19, foot Otinuter tubeI the Inflation Otof sure, of 14psi

and the fabric stles. of6 64-,Oundi- per inceh are required (Referenct

Aai n, adjusting' -the f abricstrss for -dead load'4nd-addfikjg a factor of'

safety of three, the, f abrfc strength of 2235 pounds per inch: is-

reure.Although--the fabric strength f alls wthine the li. 1ii i f

faristhat, are availabe, the 'nflaotiop pr eseis rather hih an

problems wee enc6untered in selecting 'AO inflator 'devi ce that'would,

deiver the.'volltwhe in -the rdqui red, ti"~ to 'got the, syste up, to pressur'e.,

Alsoo ic h o~rsin'ue aere -not laterally-supported and mi ght

poz;sib'ly bucklet some -questidn was*raised concerning the- structural

i ntegri-ty -of, the -syltem. Realizing thawt the cdnpr~ssion tubes" 8are

veey vulnerable u~nde eneji attack, it was, thn -decided- to scratch.

4this cqncept "fromn fueither, infveigation00.

.§ctNo ewh oratMdan

V,~~h Aidea in thfi cqttcept was, to form -an 10 1atabl'e beam b;,r asily -xto

tuips to crry, the bepdl fg. O, ont with a f at i tit)atabl t naot on tcqp to
4)

foeiOn is surface for h~e ro~dw~y In ordear to keept Ear t's

dow6- int arasna range, m ~ippoet. tvba at midspan is required to

ed~lea the 'behd *_entq



-~a desfg-.- - i- if

redutionin ~en~ig moenthoweeris -ftt very, sgnifcna

Iho~n onPage C Y '6. yaplin- itakiai wrnle tey, it was dater

mined-th~gt for a'piM bedismptrof 40 feet, the inflation

prosture of 23.7 psi and a fabic, stress of- 1423 pounds pric r

requred(refer to g§raph on POag C '9.After adjtisting. the fabric

stresfor dead: load' and applying a*-factdr of sfeOty of 'thee, the

refquired- fabric strength- is 5058 ,pounds pe inh. 'Wth ref erence to

tigure' 5,it should -be nhoted' that tbib straigt4t p1is of the Fiber8

fabric Would carry the, load. However, the- inf.lion pressure is very

2,hi#h, and'selectting A systen 'to deliver this -pressure -and vot1be inth

required time Oroved infesibIt. tb!s V, iti-ons were. als6 O Aidcn

cerning: the, torsipqa) stabili4ty of, thi -concept if the, 16,a4 4houl d get

of f cenhteir, along with. the catastrophic rlesults, ifqapn of -the, tubei

Is.punpctured. -The opratoa methpd-of -deploying the- support lubt,

along with the; effect of wav~.s on the- support tub. was- also of som

'concesrn. therefore, becau~e of the -above ment ioned tons iderati ons,

this conc t.a also 'dropped from-further ivsiain

The- i des, i n thii cqncepwt -is isi milIar to -the -approach ta~k40 in Concept

No. 4# except the dua) -wail l ,bamnarj_ replaced with tubes, and the

sides are cotteuct~d. of twd p y M'as, f abri-c. The exact method of

anotysts for -thut *comwept is diff'icult to arOlV* at, since it is. not

know -if the hias-tieas wil1-1 transmit-the-full or,# portion of the

'Ahmar lod Therefore, two design approaches were takeo A conservAtive



approach. wou Id, be to. cani der that eath of the tubes wi II carry. one

-fourth-of tOe bendingt moment. On thist basis, the, inf 1,ati 4.' o*sture

Of 57 psi is r equi red and the fabric stress, of -27,36 jpoun per inch

i developed. -A less conservative- approach- would be to Assw4 that-

-the zide webs carry the fullI shear load and the four tubes itct''as otft

beame. On, this basis, the 'inf lation pressure of' 9. 5 pdf is, requi red-

wi th the fabri tritstof 456,p*Mns per- inch being developed, Ref i -

ing each of the fabric stresses for dead oad and then-addihng a factor

of -safety of three,. the, requi red fabr ic strength wou Id, f a] It ,mwhore

in the rainge of 166d to 10,OW~ pounds per linch, while the thf-latilop~

pressure would'be between 9.5 to 57psi. because of the uncertainty of,

theexat dsig aproach, the, mean value of the fabri-c strent -and

infl'ation pressure fall wel above the normal ranges under-consideration5

Therefore, ,this concwt, was di-scontinued from further study

Concwt No. 9-- Truss and Inflated -Bladder

the idea in this concept*.as to develop a hybridstructure which would

use, an atr-sup~ported bladder ,in conjunction with somelt/pe of aluminum

truss work. The alumninum trusset'would actually carry the bending

riwmantt while the Inflated bladder woUld simply stiffen and hold the

trusses in the correct position. To do this, an inflatidn pressure of

* 5 psi. *is required which. creates a fabric stress of 161 -pounds per inch.

Applying- a- factor of safety of three, the required fabric strength is

-483 pounds ,per inch. These factors are wel within the limits of

fabric-types and pressurization systems available. Typical truss

syst-tms and details that might be incorporated in this concept areA

shown on Pages C 79 to C 82. After reviewing this concept with Navy

perzonnel, however, it was decided that this concept was basically the



scaisr type. of system that is presentl'ybeing, used, -and that. the-

inflitable pert'ion- did very Ili.ttle to actual-ly-carry the load', For

thi-s reason~ then, this concept wa zidroppied fo furhrivsgaon

Concqpt Rd. 10 ~-Con~resion ',Dick. arnd: Inflateid.Bladder

Since high fabriic 'stresses, qp~d inlation pi,,ssuiregs are- required-to

resist -the coinpressive~ford6 due to bendi'ng ionent, a system which

could-use a ritgid aluminumi-type'de6ck to carry #~e compression 'load,

and, a 'cable. system underneath to ccarry- the t,:e ns ilIe -loads, will1 allow

the main components-of force to be carried 'by the, structurial m~mters,

.rather than the fabric. The fabric bladdf.r would serve as a means of

tensioning out the cabi'es and maintaining tieair shape.

A- preliminary investigation- of this concept 'revealed-that an inflation

pressure of 3.6 psi would beirequired and a-ibric stress. in the outer

skin of 103 pounds per inch would be developed. Applying-a factor of-

safety of three, the required fabric strength-would- be 324 pounds per

inch.

Both the inflation pressure and fabric stress required, fall within the,

normal range of materials available to meet these requirements.. Lpon

evaluationj it was decided to continue with a more refined design-

analysis of this, concept.

in suminary then, after evaluating each of the ten preliminary conceptual

configurations, it was decided to- continue-with a refined design analysis

of the dual-wall beam with intermediate. supports (Concept No. 2) and

the compression deck with inflated bladder (Concept No. 10). It was

also decided at this time in the study that the types of deck materials

that'oere under consideration as being suitable for the rbadway surface



-1igat -not rtl the tougiess and du Ab J i tj ha -erequitred for

-- Coh$i tfon! i niposed -bh& 5, 0 Tan

davyproi& thcpn directed-us' to eva1~tate each- of the.t~rmann

-conmets, to underjo -refined desikgn analys is -on- the_.basi:s, that the
-ray surfaice viofocohsist of -ritateri-aT -siiilar to that presnd

bei nj L&sed 6n- the exi-St'i'ng bow ranip. -Tht-i the dei: wti gonsist

of an a]Luninum gratin% approxiimatel-Y 3 1/2 inches deep, ,wi th rectangular

openings aroproxiriate;y 3" ,x 61" on centers, %4th the individual I ar-s

1/21" thick. Detail]s ofthJti's grating are shown. dn -Page 0, 23 in-the

~t hould -also be noted that when evaluatin§ each, of the 10cocpt

aginst the performance, reqie ntotied are, no Oention was ai

c-oncerning Grade "All shock loads in- the stowed -condition an& repairability

by -shioboird personnel. In each-of the.- ocpstera a twdi

manner which we, felt woiuld -Oose no problem in withstaiffing Grade 'A' shock

loads. Also, since all of the concepts- Vi-rx constructed of fabric,

thezrepairabi'lity of the structure is weall wi thin6 the, capabi-litieas- of

shipboard pbrsonnel. The method of repair oli~y involves, cleaning.

*and -patchinrg of -the aff ected area-.

The effects of winds-aind waves had great importance only- in -Concept No. 3,

'sice hisconepthadthe most contact with the seawate, The rwa~nn

concepts, how~ver, had little contact with 'the sea and therefore -posed

no serious problem concerning the -effects of win Mnd waves. When speak-

ing of vulnerability, it should be 'noted thAt. any aie-inflated fabric

-'str-ucture ii vulnerable to som'e-degree. The concepts which we felt -re

the:-most vulnerable and would lead to quick collapse were pointed out.z
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vtFnEIY _ -U4NAALY S IS FOR'CONCEPT NO., I

'-T* -f~iodSign Caai iin for tis ~OnWe are sho h in A0ni
I- I J, a4adaigcnsing the final, sae v. h~~i Iue6

INf --to, w e ade to thes Iteis

d4esi gn. -Tirs~ sbie -the roadwa suwfmk"-- 6 be u40,Smust Zie s ta to

the existinjg bow ra~t, this adds an additional, dea iad q&of' aproximatel y

IT1 tons- t th structure. Setondly, iwith thisw- Iscreased load, confAder -

ati'on shouild be- give to -the -effects of mxo thah-6o -iiterxdIAte

suppr ehn m

Therefore, A-pplying,.ac-incentrated live load-of 11'O~oni n

dead load, of 33.8 pounds -per inch (Reference, IagqP ) the maxiwin

bending _moments.-were cos~utid. for a twqo and- three span c-4ontilnousl

i flatible duil w) 1.beam.* CompOter pritotuts of the ,beqding momen!Wt

'are~~~~ shw~o ae thru 0-9'

Applying' tChe initi-al wrinkle theory as used- in the prel'iqinary-design,

the, reeiuting, f abric- stresses -and -inf,)ation pOressu;res for varyitng depth
-sections #e-pl-dtted en-Page 6,12. Agai-n, 4n oplu de.h1o,0~ in..

seems, to; occur at the khee -of the curve, and -Athree spin continuous

inflatable, dual -wall,- beam requires the least inflation pressure and *

+iaoric itress to viirry the- load.

A grap.h on Page-0 1-7 shows ,the relationsh-1p iiitweii - AeWO~ Oanit

fabric stress, And inflation pressure-for 0, 1,, or 2 intermediate

Support tubesQ By extrapblating the curves, it ran be seer.that the

use, of threg support tubes w0i probably hav-e lit-tle effect

i n reducinq the 'berdi ng moment

---- --- -
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since the curve is f'lattening out. Therefore, for a tcrwee span

continuous inflated ,dU l-walI beam,. the inflation pressure of 4.5 psi

is required whichcreatas a maxium lcngitudinal fabritc stress of

47..5 pounds ,per -inch 'in the outer -skin. Applying a factor of safety-

of thre, the required-fabric strength in the outer skin is 14.6,3

pounds per inch. 1'S

Up to this time, little has been said-concerning how the inflatable

dual-wall will, transmit the, shear 'loads as the loado,Meves along the

ramp. On Figure 6, the cross section view shows a series Of '17

vertfcal webs. These webs i in- additi on- to def hihg 'the shape-of the

structure, will-carry the shear loads Irom the upper to lower skin.

along a 459 line. 'On Page, D 20 and, D 2-1, the calculations a|'e siown

for determiningSthe shear load in the webx. After applying a factor

of safety-of three, the required fabric stength is 150 pounds per

inch-'in-the bias ply and 162 pounds per inch. in ,the, straight ply.

One other inmpartant design const'dertion is the d eflectiqn.of the dual-

wall beam. Wth reference to, Appendix -!-der deflection, it was con-

cluded that an exact method for determining t ,deflection ,of an

inflated dual-wall beam is very complex, if not impossible. The

English, however, in their studies have arrived at an equati6nwhlch,

in all cases seems to give very conservative ,results. Simply, the

equation expresses deflection as a function of inflation pressure,

cross sectional area, and the shear load at the point in question.

Upon applying this equation, reference Pages D, 18 to 0 19, it was

found that a maximum 61 inch deflection would occur under a
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120,000 pound point Ioead. (It should be noted that if this equation

were applied to the dual-wall beamwith any nhUiber- of ihterior

supports, the deflection equation yields the same results.. This is

due to the fact that the inflation pressure, bending moment, and"

shear area function of each other.) Since this 61 inch deflection

is very conservative, in actual practice the deflection ,woul.d probably

be something less. However, an ,exact answer in this. regard would

involve actual field testi'ng of a pr76totype.

The exact method of developing support tubes is of some concern alto.

-Pi'l.im iaey id6As were t6 adtualy, float a cyllndrical- -bag on the,

water's surface and, by varying the inflation pressure- regulate the

heijht for adconmmdating.'the ramp to varying inclination arglesi How-

eve, when "investigating the idea further, it was foind;,that such a

large volume of water must ,be displaced to hold the load and that the,

diameter of the support bag became so large it was totally infeasibl'e.

Other methods of rigid Verticai, support mechanisms were considered

but with little success.

In conclusion then for Concept No. 2, the best way to evaluate its

overall' feas'ibi~lity is -to actually l-i.st the advantages and di-s-

advantages:

Advantages

L, The inflation pressure i.s well within the limits of infl'ation

devices available -that will deliver the volume and maintain the

pressure in the time requirement specified (10 minutes).

2. The fabric strengths required for the webs are well within the

limits of easily workable fabrics available, while the fabric
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strengrt reqired for the outer skin i's within the' limits 9f scime

of-the newer fabrics.,

3,thefact that each of the 'Individual, cellIs betweecn the webs can be

sealed off separately, and inflated with a maifoid, systems allows[

thi ram toWithstand, a puncture of a few ce li -and still remai n

intact.

1. Size is the main-problem. With refeence to Figure 6, it can .be

seen that the structure is -basically 150 inches deep for Its 'entire

length. This makes trimsition areas from the, ship 'to ran, and

ramp to. causeway dif fi cult. A aecondary type of i hflat able i'.ul d_

be required. in. -these areas*

2. Opeirational methods also present problems (see. Figuree4. Because

of its width,cl-earance in-winching the .ram back onto the deck

;between the-,derricks require that the si-dim closures -be def lated.

Conversely, for deployment) the tides must be inflated after the

ramp, i's extended.

3., Method of attachnint to the ship ist a- problem because of its size.

I t does, not f it i nto thq, exi stj ng a !ea.

4. The negative buoyancy require-ment wlten the extended, end- is lowered;

intb 4, feet of' water is a problem. the large volume of water that 4

must be- displaced makes it difficult to sink the extended end when-

not loaded.

5. The difficulty in finding a suitable support mechanism that 41s easy

to deploy or retract, and still be versatile enough to accomodate the

various hei'ghts required for varying raip inclination, also exists,.



6*. Since the roa0., suit tin sImiar -to h rsntqii grating,

16d n h exi tfng- bow r i's dtfflciiit~to ta~lso old

this-structure, in*o a- 'coepactuni t.

7. Although not known for certai, it appears ~that the defleacti OR

-uhder the, toi* lioding will1 b6 sigoni fiant and seveerlY a4ffect,

the Maim gjad0isnt the vehicles can encounte.

It~~~~~~~ isorViintewnwihn the Advantages, agatist the dis

advantages, that, thi's c;oncept i's infeasible with respect to, its,

present application. Other similar aplications might exi'ist, however,,

whreth sa and load, condttions ar-e reduced, and, -the, rigi d deck

requi rement is remOoved. This wul d then- allow the structure- to be

much-!m-rei flexible and easier to handle, along with being able to

store the unit in itmqre coixpact Iarea.

REFINED DESIGN ANALYSIS FOR CONCEPT NO. ,10,

Cfrs Docwth lated Bldder

Si nce it is mandatory to use the. type. of deck that exists on the ~present

bow ranV,,we investigated thepossibility of using this aluminum grating

as the structural member to carry the' conmression force due to bending.

moment. In turn, as noted in the preliminary design,. a series of cables

forming £i sling will carry the tension loads, created by the bending

4 moment and inflation pressure. The inflated blaltder will tension out

and hold the tables in position, while the fibric webs-will transmit

the shear loads along the rapp.



26

-Figures 7, 8, 9,; and 10 show general concetual vi'ws and de tls, and

wil1 be Oeferred__to 4n Iater -text. Thq method of opeation pOpoedfo

this concpt, It, similar to that _beinguefo the exist i4g ri. the

r wftil be attacked to the s*hip with_, &A4 kinpin connection ,4kch wIl

allow for. thqerotational requiremonts, mAite thi'derrick and winch

system WIll be iasedto deplo and retrac -the inflatable, raoe The

r~j' Itswelf wil 1 be i nfl ated and, 4eflated- on thek-i i deck level. ThOe

design calcu1stjonz start- on.Page 0: 231 pd ,a brief suiniiey o6f'the

design peiokkwue and theor-y follows.

* Investiqating thei structural' propertiesi of the existing deck, and.
a1suing' that the deck i's fully siiore in0 th lnitudinal directi

to- thm,'fabri c badderI and- that the cospressivo force: is ,distributed

.over the wi dth, (16 feet,) of the, grating, it was disicovered, that theI

deck, isi capable of siLooprting -an allowable. cbopessive load of

1,9,50 pounds. Further evaluation also -indicated, that under the

tAnk, loading, the 'deck is capableof distributing the track pressure

equal ly) -crosis the width of the raap. 'The, effects of wheel loadis

on. the deck were also *inivesti gated , and the deck agai nWas found sat.-
i sf actory to di stri bute thewheel, loads-over an area equallIy, equiVal 6nt

to or'better than the area-of contact created by track loading. UPon

this basis, it was concluded that an inflation pressure of 3.6 Psi
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(requited to support tank loading) wiould be -required to resist local

ouck Iing or severe deflection under 'the tracks. It should be noted

this design pressure is a Mttle coniervative, since -the area of

contact was considered to -be the width of the deck by the l ength of

the track. Actual[y, the deck will1- distribute, the load in -the

longitudinal direction something greater than the track length, as

wellI as across- the ranip.

The actual thebry of how the stresses ar-e distfibuted in the structure

j.s outlined on Pages 0 27 and D 28. Beasi-cally, 'ocause of the paraboli-c4

shape of the -cable band, the inflation pressure-cetsatniela

alonig the cables,, which- in turn transmit a compressiY6 load to the

dpxk~. The stresses duet t bending moment then are fiiw-ply determinfed

iy conputing the mizetat any- point as, the load tooves along the ramp

a~nd dividing by the Jepth of the sedtiob at that point. Thle sumiiation

')f !Oqse stresses jiue to inflation pressure and bending iioment then

lictatc th. mairil, cqqressive and -tonsi 1a loads ini the structure.

n~rowi nV ci Iowa blIo compressive stress tfiat the deck is capable of

support-ing, along with the inflation pressure of~ 3l.6.psi, it was found

tht m ri-iu-,deptn -of 1 24 inches at mi d-span is requi red. For a

A-igoit cusiion, the design depth at wid-span wa~s considered to be

13W inches.

Jased, or5 this depth (130 inches), and a span of 110 feet,. a computer

;)rint out on Page 1) 3:1 shows, the total compressivi, and tensile loads

onl the structure as a, 60 ton tank moves along. A brief summary of

stresses is shown on Page -3 32 and, wi-th 16 cables spaced at 12-inch

centers, 1 7/16 inch diameter, Class A, tUridago Strand Stainless Steel
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Cxles ar-e required. These cab.les in turn are attached to a bulkhead

-e.ch 2n,, of the r;') which transfers .the load into the deck (see

Fi nures 17 theu 16).

The fabric -stresses in the oL-er skin of the infla ble bladder are

sirmly a function of inf-lation pressure, and the theory-of 'hoop

tension adpllies. That is, the fabric stress 'is a function of

inflation pressure and radius of curvature. On thi's basis then

'(reference Paqe 0 37),, it was fbund that the maximum fabric tress

in the side and bottom closures is 2j5.7 pounds per inch. and,, with a

factor of saftty,oi three, the required, fabric strength is, 707 p-ounds

The analysis of the shear distribution along the ramrp is sirni-l-ar to

thit in the dual-wall beam. The webs transfer the shear force between

the cables which are in t nsion, and the deck that is -in compression.

It is assumed that by using a two-ply bias web fabric, the stresses

wi'll, be transfeered along a: 45' line. Using thi-s concept, ,and

assuming that th minimum, depth of section that is required to trans-

mii the full shear load is 52 inches deep (see P-age D' 38),. iVt was

>, fld that the actual stress, in the straight ply due to inflation

pressure was 43.3 pounds per inch, and that the stress in the bias

:ly due to shear was 11C.5 pounds per inch. .%pplying a factor of

sofety of three, the required strength in the straight ply i., 130

pounds, per inch and 332 pounds per inch in the bias ply..

Further discussion on fabric types most suitable to meet these

requirements will be outlrined later in this section

N i
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t)efilection, under load Ts another inaportant design considered, and,

Annin it is difficult to arrive At an exac-t theoretical solution (see

ppendix P). Based, on the assumptibn that the fabric .portion of the

raliip does very, little to influence deflection-, basic elastic b~eamn

theory-was applied,. and it was determined thzit approximately a 11/2

i nch defl ecti on coul d be expected. under the 60 -ton tan!h loading.

Exactl y how, realistic these vafucs are i-s di -f .;cl t '":j assess at thi s --

tir me.

3ecause of areas of uncertaintty in the digsperifically, the actual

- ~ jistribution of the shear forces and thie deflection, a 1/j0th scale

KAMe -of -the conceot was constructed and t'x~ted. Design, notes on scaling44 down the various parameters are shown in Appendix E.

-A, Optiit.mi lOdd fo the model willI consist of a 1200- pound load distributed

ove a -ea 19 U/L by 17 1/2 inches. The -inflation-pressure required

1 ' o resi st this loadl is 3,6 psi. These condi-tions then, would simulate

tii-o atual 'Lill size bow ramp under a 60-ton tank loading.

4 k' test model, see photos 5 and 6, was constructed of two ply, light~-

%ight fabric itii sixteen 1/8 inch, diameter coated cables, which were

.,on le to h webs (see detail 8, Figure 10). These cables totr we in turn

ittached behind the; bulkhead -to thle deck. The deck in thle model was

constructed of 60.>l-T6 alumninumi, 1/16" -thicK, which again simulated tile

J1lowablu compressive stress of thle full scale dock. The deck in the

000(_J A6 not liave the transverse ri gi city that thn bars create in the

ctu il full size decking, however; therefore, a frame was constructed

to distribute the load across the width of the ramp when under test.
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tibwi '--Wthe- test and loading the ii6deV uixfr different, load* for

I sisng priessurefs, the floigrstsee tat4.See Fi gures

-Iand -12. In 41l cases ijivestigated, for -Vari inflat tibn pressures,

the'Okdel as able -to, SIkoort a, load In ekceiss- of the theorettical 44*ign

load. -Since, he model wasronly tested:-wu to 2. 5 -psi-, a -projected ctirve

'indicAtes that, under 3.6 psi-temdlwl aiys~~tte'IO.

Deflecdtion of- the model -under various loads ~and nflation pressures was i

also- recorded. Figure 12-showsth. maxIKA def lictfki, of the battoi

side -of th,6 modei, wi th the inmakimiin design, load au, Mf dspan. Again project-

.ng ths uve indicates that under in liftttioh pr ssure of 3a,6 psi and -

the load of 1200 pounds, -an at, +cipated, def 1 'tio ulcI 6. 1.3 1ndies.

[t was aVsoI Oblerved that when 'the rawf wams -overloaded, lJoca flur'e or

iPuckling of the deck in -the inunediate arita of'the lovd wii* created.

When- the, load WAs regoVed, the deck sorafig back to i ts origik1&V posi-tionI

with 6o Wiparent- dai6age to the structure.

Relatiog' the information gathered from the scale model back to the full

size inflatable eampt it was concluded that the theory used to analyze

the struct.Ure, as farma loadcarrying capacity wai concerned,is'

conservati ve and correct. The maximum, Aef le4tion to -be, 4rntiipated, on,

the inflatable bow raw when -under, the 60-ton tank loading, howeyer, is

approxiMately 1-inches. This does not agree wi'th the elastic, beam-

A theory used earlier which indicated er 1 1/2 inch deflection. The

4ifferehce heeemight be explained by the fact that elastic boam theory

excludes shear deflection ftom its equations. Extensive discussion

on bending or elastic deflection veraus shear deflection is noted in

Appendix F, In any event, the value of' 13 inches falls betw'een-the

value obti, ted from elastic theory and the value 6btained by tho Sihear

defletrtion equations.



~i~cCone-4it Po . Wi ro a design poi nt of vicini, arriv-rs tobeb'

feasible, sor'ie further discussion on fabric typ;es and pressutIzatign I
syst' ems that Meet thet'j quirements is necessary.4

Fabri-c _Siection -

7The seection. of a coated fabric composi te is dependent -on many riteri.a.,

Ttha ist inportailt of these are breaking strength, tear, r~sistanco,

atr-holding, sea water resistance, and maximum retention of p ropeerti e s

over extendedproso s and/ hoirc ,

110 makes -the choice of a composi.te -a b it eki-er,, el1ninating9 the,new

'nAexotic fibers requireed, to fulf'ill. the unusualjy hit g~sr th ,r qubfe-

mqnts of the ot-her prelminry conceptual desigs

The ulti'mate-coated fabric choseb i-s i dentifi1ed byBrdAir't s d6!Hignati'on.

21451142 for the webs, and Z41458 for the side aRO bottom ciosuries.i The

first -di'git -indicates that the compositde is made of two pilies, of Coated&

fabric, in this-c-se one is placed at a !450 bias to the straight ply (in

hecseof a single p ly material the firist di gi t is, not used). The

7second digit indicates the base fabric used (e.,g., N =nylon):. The

next di'gi-,t(s) is the weight of the uncoated fabric in oz'./sq. yd. The

fl9~xt digift j--s the coating '(e.g., N = Neoprene; H = Hypalon; VJ Viny1l)!

The ne-.xt di~qit(s) is the total coated weight bf the composite (in,

oz./sq, ydi)*

The type of fiber selected is determined by the properties of-the fabri-

cated end item. Natural fibers (cotton, wool), are not considered

because of their very low strength. and poor wet properties. There areI nimany synthet'ct to choose from: polyamide (comrionly known as nylon) and

polyester (typically, Dacron, Trevira, Diolen) being the strongest#



Their availability in continuous 'Filn al so- ii- fn theItr favoti.

Fiberglass, * ill -ass fiet i46-

possfblw chotce. Nylon .uas'chosw pri.0mari.y- because7 of its ready-

ailability inwthe;ioit range desi red, cost, and sattsfatryps

performance. Tibles'1, 2i,3, and 4,at _the end of tis, setion, describe

the properties and construction of-this 5 oz./sq. .yd. and: 14 oz./sq. yd.

nylon fabric.

The neoprene coating- selected was -chosen irbm those most commonly used
in cate-fabric ousites used iinlatable*,, se -fica ly, urethane,

,(Poly.), vinyl (p1lYvirnyl chloride),r Hypalon i(chliorosUlfinated

:poljyethien) and, neoprene., U4retane coatings jih the correct balance

of prooertieas -are used, i n li fe, rafts,. vests, and qnergec wi1s

They exhibit excellent air-h6lding -properties, but are typical-ly used

'In, very, thin f i m (approximately 0.001 in. thick) type coatings on fine

lhgTwe tfbis Actually, thicker films. as dictated by thei eno

use rquirnients and use on -a 'heavier base. f abric would (I) be

-excessive in cost and-(2)tend to degrade because of te thicker

cross-;section.,

Vinyls provide a good- balance of, properties with their ease of, fabri-

cation Ad' low cost being the,-major considerations. These are the main-

reasons this material. is used in- thousahdz of copuercial air-supported

strudtures (swirrning pool enclosures, tennis. court coVers, warehouses,

-fildhouses, etc.). Howevarg Ail does-not Ilendi -itself to, two-plying,

,mentioned earli-er and described more fully later -on in this section,

and- ts abrasion resistance, though good,, is second to the elastonerz

mentioned in the next two paragraphs.
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IN (thl-or~su 1f Oiafe&o Iyne offers the best combination of

p rop er t*t(,s for tis bp~ain etrilmental, factors are: (1), high

L,9 'of coated fabr-ic- du~e to difficult coating process, (2) difficulty

f~ n -f ab r i ca H.n -and (3-). stiffness of -,end product.

As. stated previours-lneoprens (2N5N42 6hd.2N14N58) are the current

choices._ They lie somewhere between vinyl and Hypalon -in all properties

and' yet offer outstand-ing performance-through a wide tenperatueerange..

they allow tWo-plying and though seaming is not easy,, by the same token

J t-is-not excessively difficult, producing breaking strengths equivalent

--across a,,seam -at a, mi~iimum equad -to. the. strength Of the ba1se f abr~l C

itself.

*Two-plying has been-mentioned several times., Essentiall1y, this involvesf

-bonding of layers of fabric together. Sometiniasas in -the case of-two

strai,,ht pl.ies, this ist done to increase1-the tensile strength of the

-composite twofold-over a single ply of fabric. For thi's project, one

leiyez- is laid-and bonded- at an angl-e of 4k5* to another straight ply.

W ~ hile increasing the strength slightly, it offers the optimum of retist-A

pnce to tear -propagation in- the event 'the unit i-s punctured. This is

due to the bias pl~y stretching around the puncture and allowing the

stresses to distribute themselves around the hole. Typically,tear

ruststance as tested oy the trapezoidal tear test inethod- are in- excess

of 300- IThs.



330

BIRDAIR STRUCTURES, ING -SPEC. NO. REV

PRODUCT SPECIFICATION RECORD, -AEV
[TYPE PSHT1 OF I

PURCHASE SPEC IFICATION
U-SUBJECT-

5 oz./sq., yd,, IYLOH 'FABRIC
BY -0CENG MFG OTHER REV. DATE- RE.DT SEAE

JEU0 ATB 5 51L60 '/64____-

DitSE FABR I C

Style: West PointiPepperell SI 520,-or equivalent

Type: Filament Nylon

Wei ght: - 5 oi./sq. yd.

Thread Count: 22 x 22 V/2

. Yarn. llumbers: 840/i

Weave: Plain

Grab tensile (nomial)': 410 x 430

Gauge (approx.) : .013

Finish: Scoured and heat set in tenter frame

TABLE I

bts

A________
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BIRDAIR $TRUCTURES, INC SPEC-NO. REV
PRODUCT S€ IF1CATION RECORD I I

SUBJECT i
'T " PERFORICC' "SPECIFICATIO4

-2 FLY, 40 BIlAS,:IIEOPROIE-COATEO ,HYLOI4 FASRiC
2MG -TYR5f REV. DATr REV.DATE iSUE "-E t

- .OL -L g., .I T .. ... 92369

COATED FR I C.

The fabric shall e coated' to proyfde a black, nn-staining,cementable, soft and pliable
coated fabric base, coated for high adhesion. The two ply, 45° bias-material shall be
overlapped a required to-develop full strength of -he base fabric across the bias seam.

istance .between biai lap centers must be held uniform within t2 inches. No
accU~l~ol'n ,is allowed.

PRcPERTIoE REQUIREMENT TEST METHO0

Coat d weight, oz./sq. yd. 4i2 +3 Sirdair LP-60
-0 Fed. Std. 191, Mtd-5041

Coating distribution, oz./sq. yd. 20-6 -4
Gauge (approx.), in. 0.,03o4

CoatinJ idhesior,,. lbs./in. 10-in. nBirdair LP-62,
Fed.Std ,191, Htd 5970

Ply Adhesion, lbs./in. 10"Min. Birdair LP-63
Fed. Std. 191, Mtd 5950.

'Strip Tensile, Warp-& Fill', lbs./in. 300-1Iin. BirdairLPI.51
Fed. Std. 191, Mtd-5162

Elongation, 24 hrs., % W 5.,.O-ax. Birdair LP-59,
0 30 lbs-./in. load F 60 Max.,

Trapezoidal Tear,, W-& F, lbs. 209-Min. B irdair LP.-4
Fed. Sid 191, -4td 5-

Oead Load, 1T in. wide, 1 1/29 lap joint
150 lbs. W & F at R.T., hrs. 4 Mhimum Birdair LP-56
75 lbs. W & F at 160* F.1 hrs. 4 Mihimum Iirdair LP-57

f120 absorption, 6 Max. Birdair -LP-66

SOYER REUIREIEItTS
S-r--fto be essentially dust free to faci li.tate cementability. if (lust is used',
1t is to be a 25/75 mixture of talc and zinc stearate.

Staininn is evaluated by painting with 0.003 in. ofwhite Radalonpaint. Painted surfac
is exposed for -48 hrs., L.. inches from Io. RS-276W G.E. sunlamp. Color should not be
darker than-,Fed,- Std. No. 595, Color No. 37778.

This material is to be uniformly coated with flat and smooth surfaces, free from stains,
bare spots, or ot6er defects that would inpair physical strength or weatherability.

bts TAiLE 2

FORM 153



BIRfDAIR R. YCTURES) IC -SPECu. No. REV,

BY~ ~ ~ ~ ~~EGAD 1,114MGRVOAERV.AEISU 1'
YEPURCHASE -SPECIFICATION- [tTOFI

SUBJiECT
14 oz./sti-Yd. HYLON FABRIC

pyOHE ', 'RW ISS EE
JE~ DL.ATB OHR j I16/1/71

BASE FA3R I~

-Style: J . P . Stevens Style 33601, or- equiVal ent

I Type:Filamnent Nylon,

W'ei ght:. -14 6z./sq. yd.

Ithread Coun't-: 43x 42

~Wet:- li

s't elp 'Tenile -al) 625 x 525

M24

f FInish:- Scoured and heat set in tenter frame.

TABL.E 3

hts



BIRDAM~ SA -I t.S., NJG -

77 W. 
f. , og

111~~~P i -eifiitinf
-4~/~ -rdc*prox.). vive~n nylon fabric_ coated with- a black, n stnk;-creit-
[ble,I soft arW,6)i:ble neocrem coo -to a total weitof5 ozw qi,.,dr The

[nprn~cot~~ iirsfatu~dtopr~ie oo liteength, flixibilityj 7P R'
I rawretention of ph1jtc~~p' pr ier i~ qd gwoswet Wi~ity. 'The4 tI's ply,451bias Nsterjal is pjra'l' -epp d * oyr 4pe s, reui red to -develp- full ~Itrength-df the:base lbri-c

za.ross h1e:-bias seam., The Tedlr i-PVF film-is used o proong the useful, life-.of theSnop rene-cote farc n to riit&iati'r ruinff-u iur " infall.

IPROPt TIES, VEQUIREHlENT- TEST. META06'

0aG~e (approx.), in. 0O5-
t~P Tnie ls/h, Warp F&)Fil .1 80 m. Btr.,qfr 10=51,51A

C~qatjmgAdhiion, Dry'44et, lbs./in., A5 irdi LP4Z 1-'
Iitd 95

PElygadin,, 24 bs.l%. W,5 niii. Bi rdai r LP -63

- F.T.M S. -191,

-Eolbnasn. 24,F a rs., hr. minim Birdair LP-56~
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.- lalflntiont S;stem I'

Th-"a inflatior. syste for the ramp of ,Ccep.t 10 wi l require a blower

capable of producing a relatively large vohxne of air at the necessary

pressure. Sveral fans can be immedi-ately- di.scarded as. not suited. The
_- propeller nd, axial type, fans are incapable of the required :pressures.

Centr-ifugal fans of the viitllatioh type are, also incapable of the

pressure required.

The posi-tive displaement class of air handling machines in general do 1$
hot produce suit abl, volumes.

: blower- sui-ted to-tle inf-lT't-ibn requieements is a cetrf ugal, fii- :

-stage -blower employing _]backward curved, forward curved wheelsi or

comibinatibns iof these wheels. The blower can be assembled-with the

proper select~on,-of wheel's to match ,the performance requirements ,quite

c I os'd.l

,The characteristi'ts of performance with respect -to overload tendencies,

stabi"lity, etc. are determined by the necessary ,wheel -combinacion. For

Purpos_es' of this investigation, a Hofftian blower, Model 381104, has .been

selected, This unit requires 60 HP input at 3000 cfm.

As pointed out, -the actual charact6ristics of the machin6 are dictated

',y the combination of forward and backwaedr curved wheels required. The

use of al.l backward curved wheels wi.ll result in self-limiting load

characteristics. All forward curved wheels will not be load limiting.

In each case the stabi.li-ty characteristics of pressure delivery at the J

low f-low, level must be determined after the unit is assembled.

It ' ,&
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Contrl of the uinflation system is relatively simple, consisting of, a

titor startng device, pressure indicator, and any necessary duct

r'-s tictors, as determined by the blower characteristics. The blower

wi 1, opoerOte continuously foe the time the -ramp- is i n use.

It shoul'd be :noted that the volume :requirement can change rapidly as

in the case of projectile puncture, and that grekter volume ffrom the

maih- inflation system -uld be required to maintain- qperable pressure'.

Therefore, an equivalent secondary blower would be desirable for

emergency standby service. The ship air system is not suitable as an

infl at.ion .source because of the- very I mited volume avai lable.

The-manifold dUcti'ng 'for inflati-on purposes can also be used for

deflation of the ramp, ft is assumed- at this time that a manual, exchange

-of ducts, Woul'd be made to interchange the intake and-discharge

conrlections 'to the- i'nflatable,

'Blower SiZe,

The flow capacity necessary to satisfy .the 10 minute requirement can be

determi ned .assuming 65%. of the inflation period will be used to fi [
the cell, with air and the emaining 35% qf the time is allowed for

- piessurk.ing. the unit.

V-- CFM

-. =- i!

CFM 2762

Decause of the pQssibility of overload characteristics, a restrict-ing

office will be assumed in the duct system. The diameter of the orifice

i-s daxqrmihed for the free flow condition, or when the entire blower I.

I - I II l
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pressw.o6utput i's across the orifice. this condition exists during

the 'fill Iing p~rdod

0  5,-5.976),(K) 00 =_ ,- D Ori fic.O d&**te

'Q 'low-CFM
2762

(5-96) ,,6 .6-
.03613) '( .6 Ahjic nh pressure M 20

4#59t us* .25 = density of air

-A bMower capable of 3.6, pig, and 2800 cfm is shown on the following

'sheets Vioures l'3' and 14)1.,

The tipe required for Infl'atioit can- be estimated using successive

incremad'ts of pressure fram 0 psig to "full inflationof 3.6 psig.

The exinp'e, of calcuiating the required time for inflation is shown inj~i Appendix Gi.
The time, necessary to inf late the, cell) from flIat to. a f ullIy -Orosiuriled

condition 'can be estimated by' obtaining the time required by the blowerI to 'supply the air necessary to fill] and then pressuri ko the cell, over

afni te -pessure 'incrieAse. this time Was found 'to be 9.2 inne

4 The total weight of air required to fill and pressurize the rao is.

W PV W' weight of air in 'pounds

P absolute~ pressure psf

V. Volume of the-'inflatable

R gas constant - air 53.3

T =temp~erature OR
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f CONtCLUDING REMaMAKS

To analyze the overall feasibility of Concept No. 10. the advantages

and disadvantages of the conicept are listed below with specific

reference to the design paramters.

Advantacies

1. Fabric strengths required can be handled with fabric types that

are presently available and within the proper limits of vmrk-

ability and handling.

2,,. Pressurizati on requi rements are we]lI wi thi n the range id -systems

available to meet these requirements.

3. The cellular construttion created by the webs enables thtii-ystem

-' to be coffpartmentized. That isg if damiage occurs in-ohe area,

only that cell will bo affected, and the remaining cries will

ramiain inflated.

4.. The deck materials while performing a structural function in the

system, will also satisfy the rigid requirements for the effects

of traction under track and wheel loading.

V 5. The maximum deflection under a 60-ton tank 19ading fails within

allowable limits and will not increase the gradient significantly.

6. Wien the inflatable rant is stowed on the main docks it will occtpy

an area approxirmtey 110 ft. long, 18 ft. wide, and 2 ft. high.

It can be easily anchored for the effects of green seas.

7. The size of the inflation blowers required are rather imall

(84"1 L x 38"1 W x 4711 H) and can be stowod in a compact location.

8. The system does not require i nteredi ato suport tmhani stat

enabling tho inflatabla r~rp to assum vmriou3 angles of

inclination.
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9. VOicle clearance at transition areas on each end of the rop J

opfrs to le satisfactory,

I 0 0 Thae total weight of the inflatable ra is 20.7 short t6ns, coc ed

to shbrt tw's in the existing ro, wh.ch is affecting 43%

might r aduction in, rawo structure.

1. The met nod of oparation-required to deploy and retract the inflatable

i m rap is basically the same as the method used on the existing

bow r p T" main cclIz of the ra-!-J, st, however. be inflated

and deflated ,whn resting on the deck level of the ship. Handling

prior to this operation will severely damge the structure because

of its lack of stiffness. The side closure panels mut be inflated

and deflated when in the extended position because of clearmce

-h bon. when retracting the ramp between the derricks of the ship

(see Figure 4). These requir v% .however, pose no serious

problwms, other than a nuisance n the cycle-of operation.

2. The sliding of the inflatable rea along the ship's deck when being

depl6yed or retracted could cause severe abrasion to the fabric

bellyo Possibly a sliding mchani = could be placed under the

belly of the rang when being winched along the ship's main deck.

3. The method of attaching the inflatable ramp to the ship would be

similar to the nmthod presently used. This idea is relatively

siple and allms the ro to accccmdate the various rotational

Onglas that are required.

------------------------------ -,~-- - -
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-'. Tfc one design pararacter that requires ne-tative buoyancy of the

e;tended end in 4 ft. of water with 5 ft. breaking waves and 30-

I not winds acting on the structure is difficult to attaint

(negative buoyancy not required whan using the causeway). Since

the structure wants to float, it is necessary to actually anchor

the end down when there i-s no load on the ramp. As the vehicles

approach the extended end, they will in turn sink the ramp to the

I bottom.

It is our opinion then, after reviewing the advantages and dis-

I [ advantages of Concept No. 10, that from a design point of view, the

idea of creating an inflatable ramp which wirll span 110 feet and

carry a 60-ton load is feasible. The method of attaching the inflat-1: able ramp to the ship and operating the ramp does present some

problems, however.

In complying with the contractual requirements, a preliminary cost

and time schedule was developed for Concept No. 10. See Tables 5

and 6 on ihe following pages.
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DIRECT MFG.
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* TRAVEL

TOTAL COSTS 222HR118

Fee - 0%tL
TOTAL PRE$24 4,300 TABLE .... -

RE TL._ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _
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In cceplying with the do-sign oartfters that were outlined at the

be-iinning a1 thareport+, ton wcaptW~ configurations of an infl~tabla

bow rav ire developed, itith two, clf the cfepts undargoing a refined

Vieb rPef*reaic6 to Flar 3, al I 6 the cdocept; exe~tt Mos.. 2 and 10

Ware dr~pOp;d from furthar dsign ;a&vys and consierd infeasible
.or -the rtasons listcs4 earlier in the r'eprt. ~C o.2ad1

'nareit a refined &Sio gn aal ysi's and thei r fqasi b it a vlutd

b i st'%a the .advaittages and disadyantage of each.

As Mnted on Page 25s after reviewing the advantages and disad~antages

of Concept ZT it is our opinion that this concept (dual-wall beM-with

- :uppoiets) is infl-auiblewith respect to its prcsent applicatfon. If's

however, shorter spans with reduced loads were considered, this concept

might prove to be very feaziblA,

'1 Upon revieving the advantages and di sadvantages of Concept Nlo. 10

1(cagpresslon dock wits inflatable bladder), it was congluded that the

concept doos have so=e possibilities. From4 a design point of view, the

dviept appears to be feasible insofar as daveloping an inflatable bow

ranp system which will carry the O-ton load over the 1.10 ft. spans

It should also be noted that this concept allows a 43% sayingt in

weight over the existing r&9 The feasibility of this concept was

further strengthened by bui ldingj and testing a 1/10th scale made] Which

carried loads in excess of the design loads.



42

The method of attaching this concept to the ship and operating the

inflatable ramp, although not infeasibl e; doeA prestnt sost probl am,

The methods recomnended for attaching, and operating the inflatable
A ramp are similar to that urd on the existing bow ra p.

Therefore, it fs our opinion that froma anb oprational p int of view,

* Concept No. 10 is inp-N;ctical in that no improvemnts or advantage&

over and above the methods being used to deploy an.d -retract the

existing bow rasp are evident. Possibly, further :study in th-s area

will create new and easier operational techniquez,

I f, hcwever, easier operational techniques were deviloped,, it would

be featible to develop an inflatable bow rawp similar to Concept

- 14o. 10 wlch will support a 60-ton 'Toad moving over a 110 ft. spans

'Si2

foC .
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'4o' S ,8 3 6'65A5E.07 ___________

S660-1- 30"92727E+07
e~72 0J 3*92727E+07-

50 HALTAO( ~;
>SYS

I BYE

OLT I

CCU 0.010
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t GMPUTEAEARCH k
701/11/ -'73 08:41
!L0GIN:, '1507BRD*C, -

IDti B
IBAS'lC _ _ _ _ _ _ _ _ _

10 FOR, A=O -TO 660 STEP 60-
3120 X:F( 120000*A*(660-A) )/(4*660'3) 6
:3?0 Y"=(C4*660t2)_-CA*(660+A)))

3.50 Xim(1aOOO0*A*(660-A))/C'4*66ot2 )

7CM zX *Y J~4Z :
8OPRlINT A,MiMIl

08tAN 01/11 (2.IA

40 0 a
120A lo" h1*11 489E*0 ______ _____0"_

180, I" 143459E+0,7 A4k998535E*O6 /~/8' ______

240 2o' I.o60553E+07 .4YLO /1'25o

300 "' 4 1 6 3907 E? v 1- 7I 4O30L-fuO ______

360 50" I'W48 E+0 - LilY~ftua _/"w
420-3 j 1 935561 E.07 - ' //,7O-' ________s

480 -40, 1.*i757Et+07 6 i78 37E0 ___________ ,

540 4.6' 7 -40 -5E+0 6 '. 3557.G______

600 .50' 3,7C5 548E406 3.12597UMT&-1660' 0

10Q0 -HALT

!Byt
0 1/fl 1 73 08:45
CLT-4,
CtU, 0,01'3

ij - -0
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12/19/ -7i 10:O40
IL OGINt A 5070RDiC.

~10 IOR Du 2 0 TO 100 'S19P 5
3120 'RfT Sw10*CD)/-)'
3-30'PRINiT ['.5
,40 IdEXT-D
-to END,
>RUN
10:t42 1/9 Arc-,As fs1
20- C~ii £ .' 100
25, "i 2
'30- 150
35 175
40 200
AS 2 25
50 250
t55 275

6532
?o35
75 375

ts 0 400
35

95A ;
too too.

50 HALT
SY&

12/19 *72 10:42'
CLT 2

2 CCUM00009
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W-

WVIATER FRONT STRUCTURES - DYNAMIC FORCES.
EAPEDYNAMIC FORES O StRUCTURiES'DUET TO BREAKING WVES - SIMPLIFIED METHOb*

ObselrVotions Required

1. 1l - rnciximr' wa-ic* height, feet. L( CI?

2 tt2- 13 - 6Nge Of time. far two iucCessiVe cfests to sVL'uiein
Pass a Sqiveh point durifig petriods of ,imi." V.-iveos -- 4
seconds.

3. Obta~n depths fromt hy~rogr~phic chats..CS
Formulas Ftasncat- FCA

-dk lsrtoakeii £J er th L - wvelartth
I, - to 2.SH'in fee
KE H 1 b*Ae height E,6. wave sergjy per foot of crest,

F - in lb.- per Iin.,ft. It- b/t
'.l.54g-F.6 sdynamic wrave

Woivn: 9-ft. waves pailng at intervals-of 7 ta ieconds. two'*~-J~T

Procedure W~aveFk'in 6nsrcue
1.Cbous. brealciig depthrof wove 1.3,-,9 - i1.7.ft. Wurn, a )"" I t sgwic proces nta oreo.oe

will greak on structuwe,'ocatejdin 11.'ft. of water.(aDyi.I-rcesntalfceowa.
W~h alue ,~(b) I iostatic-., Height of wave.2Wihvle itndd, find length of beaiclngoye, 2Boewv

on Fig., C.(aDyai Dspufaeofbonwy*
3.- Using values of t rind di., find velocity of breolcing we~s,- ()Dnzl-ispue ee fbae ae

a, n Fig. 5.(b) Hydrstatic -'Height of wave.
4. Vsing values of L and 11, find wave'i energy, E,-from Fig..D. 3. Unbrokea woe:.
5. Using tirevious valuis,-find'dynarsicvwave forco, F, lb. p~r (a) I lydrostbtic -Standing wave.

bi~ft.ofwidth of structure.

G(V ) (2) (31 (4) (5)

t lb./linftI il
ft-, -13Vf. Fg . E.' Ift.FIG C . FIG.D. ____ V

497 11.7j 130 18.3 84,000 24,200 .

11.7 170- 18.9 93,500 25,400s
111.7, 210- 18.9 105072820._> 11

II

FIG. C FG

*By the avt
tir. For m~ore exact methods of computmo Woye forces, see Technical Report Mo. 4, Beech Erosion Board, Office of t1e.

Chief of Enomr.ers, Dept. of the Army.
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ZRSE-ARCH
1-2/06/ '72 15240
ILOGIN:, 150,1BRDCo
.ID= D
!-BASIC
•10 FOR ) TO r 10
>20LET P = lI45o93/CD*CI6 D))
30 LET S I " 6*P*D,
> 40 LET S2 = 12*P*D
>50' LET 53 -= 12*P
>60 PRINT' OPAsI ,-S2,S3
>70 NEXT D
>80 END
>RUN-
1,5:-44 1L/6f
1.- 67.4 - 4o4.4i 808.5 eos• 808.821

31-4829&31.4 76388 381 9-43
3 20i.1023 361.*841 723.682 241 .227,
4 14 - 32"29 343°/.749 687498 171 874
5 0.9i27 327..380 654.760 130.952
6 8.68053 312.499 624.998' 104.1,66
7- 7. 11696 295.912 597.824 85.4035
81 5.96786 286.457 572.9,15 71.6144
9 5.09258 274.999 5-49.998 61.1,109
10 4.40704 264422 528.845 52.8845

80 'HALT
'syS

!BYE
12/06/ '72 15:45
CLS
CCU 0.012
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4,-7IA Z ZOAD-67 1iT .6r

14.5/ 7 . 2, 7:5 ZS.,.7 4 ~- ~c ~4,

4-1 ao-r.I? , .4.1-d-AM14.1FS

MAX

2e-A 6SO 4 Ac-, Ar
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HA si AJ *A AMCsi
L A AAAA
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IiqPLlr' REALCA-M.K-Z), INTEGERC!.&J)
OUTPTC6)ARCI42H

OUTPUTC6)LI WALLA6E-PHiLLI PS*
- OUrP6T(6)- NO.,I91'L~
iUTPUTC6)' THIS. PAOC*RAN ANALYZES A TWO HINGED;-
OUTPUT(61 PARABOLIC ARCH WiTk A CONCENTRATED LOAD'
91APUTC6)' MOVINiG ACReSS THt ARC;H. RkF. -TFXT "FRAMES'
OUTPUT (6)' AND ARCHES", BY LE31TOVICH.. t-5.0,CGRAVW-'
-OUTPUTC6)'. AILL,PG 135. FOR DIAGRAMS AMb EQU"TIONS.?,
OUTPUTC6),' SkUSiiALL MH-CATION OF P FROM LT.SUPT.CPTir'
OUTPUTC6Y) ik-NCREMENT 'FROA LT. SUPPORT TO, RToCF,?)t
OUTPUTC6)' HMNOPENT AT -IhCREHENr XC(KIP-FT),
OUJTPUTC6) N-AXIAL FORCE IN ARtH (Mips) Al jocREtr i-
OUT? Ut C6) -Q-SHEARINGPtORCE IN ARiCH CkIPS) -AT INCRWFT X6
OUTPUTC 1O2)'ENTER DATA IN VgRH-0&LtF&SMIXI'-P
OUTPUTC 102)'PLiF,SMI.XI'

GUTPUTC 102)0PL,F SMI',XI
999 FORMATC5-)

2 CI=CSM/L)-
H=C(5.*P*L*5tM)/C*F*L)*CI-C2*c(CI**2))+cC3C)**3))
V2uPSka/L
VI =P-V2
W'RITEC6, 1007)
WRITEC6*1005- )PsSM

VRITEC6.,1002)H
WRITE(&,!003)V1
WRITE(6o'1004)V2
%JRITEC6il006
x=0

5 Y=4*I'*CI-CX/L))*CX/L)
SN=L- SM
THETAwATAN( CA*F/L)*CI-(2*X/L)))
KI=P*SM/L
K;P*SN/L
IF CX-SM)'10PI0*20

10 IF CX-CL/2))303 ,30~.Q
20 IF (X-CL/2))SO0,50#66
30 M:(P*SN*X/L)-CH*Y)

N=(H*COSCTHETA))+(K*SINTMETA))
0=C-H*SIN(THETA ) )(K*COSCTHETA) )
00O70

40 MHCPSN*X/L)-_CI*Y)
N=(H*COS(THETA)-CK*SIN(,THETA)
0=(H*SINCTHETA))+(K*COSC(THETA))
GO TO'70

50 V=(P*sM*(I -CX/U))-cH*y)
N=H O$T~~i(ISt(HT)
Q=C-H*SjN(THETA)).-(KI*COSCTHETA))

-35



V0 TO 70
60 M=CP*Stl*C,-CX/L)))-CH*Y)

N= C H*0S CtHkTA )' ).KfI*SNMC THEM-A)
Q=C(H*SINLTHE-TA))-CKI*CBgcThETA))
G0 TO 70

70r WRI -TEC 61101 )SHPXi.Kjtb
x=x~xI
IF (X-L)5.p5#80

80 St4=S#41H
TEST=CL/2)+SNI

* - IF CSM-TEST 22.100
1001 FeLRMATC5XF6o. .5XF6. 1.5XPFS2. 5X;F8.35X'.F8.3.i)
1002 FORMATC-THE HSRIZITAL -REACTION4 Hl=H2w9.F8#3D' KIPS//)
100 FORMATC $THE SHEAR, AT THE LEFT SUPPORT Vl='.F8*3'XIPS'.//)
1004 FORHAT(-tHE SHEAR AT THM RIGHT -SUPPfRT V2m'.F8.3*'KIPS'//)
1005 FORMAT(IHI~'WHEN THE LfAD) P',F6S.3#'IS'&F6ol1.'FT FRSH LT. SUPT-*//)
1006 FOMTS*Si,~O*p9oXM*A*' *2PQ,"
1007 FORI4ATC//)-

loo0 EN D



1 14000~.T~

2 -3.di :fC~~piC~
4 4 ~*U U THIS P~wA W I~EU

5 So500o PkARtfLI '~-P -~CONCENTRATED LOAD

7 - 7900U AND ARCHES4 ei BY LEONT6VICHP 195900CGRAW.

9- 9'oou :Sl~sSMALtJMxLOCATItlN OFP FROM LT*SURT*(FT)
1.0o - T00U : XxINCMFPENT PROMl 1.T SPPORT TO KTiT)
i* . 110oo MeMOIENT-AT INCREMENT X(KIPiFT)
t2 - 1f2.060 Nv Ir A KP)ATNCE X,
13 . 13.00"l : QSHEARING-FORCE IN ARCH P(KIPS) AT-!NCRMT X
14 - f 4.O b

16-- 1.9
1- 17*000 :IWTHEN THE LOADp 22#5001 5*OFT FROM VTs SUpT.

19 * 190000___________________

2 1, 21.000- -:THE HORIZONTAL REACTION HI.H28 2*5'I6K!PS

23 - 23,000
-~V~ ~2'F.~6 :1:HESNETAK -AT-TE-1TFT SUPPO(RTV2i'gf47KS-________________

25- 25 --- *-- _ __

Y.27 - 27.000 :THL SHEAR AT THE RIGHT SU~pORT V28 IeO23KIPS

- 29'00 .OSUx ~
-9 2000

31- 31r.o00 _____ _______

33 - - .'c, 500 k0 .00 16-907 13.386

35 - 35-000 1 5.0 10.0 79,12 1.323, . ,0

37 - 37.000 54_ 20@01 bo*38 "0599, P29230
~ 38, oov7j

39 39:06P 5.0 3ds0 26926 11.895, b,8

41 41.000 500 '. 4000 6.77- 2.188 v'1.657

43( :3oo 6S'o 5(00 -t.09 29443 01#249
4q 44# il -

45 4t-OO0U :5" ,' 60'18.31 2.443 u'1.249

47 47000f : 0 7090 -23.91 24,188 ,1.*657
.849000 :-

490 :9Od 590 80.0 o24488 10895 o$8

50 !i:00 -60(71I
51 51cI 0 oo-!12 09 213



12/27 30

55 P 
55.ooo 1109 000 p077DO2'2

56 - 5'b :
57 57.000 :

,3~ 5W900 '.
59 * 59?O0 ______________

'Al - 6100P

65 - 65.06U
6 -66.00t-0 U
67 '67. 9 00 :THE SHEAR AT THE LEET S~ppORT vlq0 209455KIPS

7 70,000 :THl SHA AT HE RiHT SUPPONT V2v 2.O4SKIPS
71 - 719000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

73' 73.000' SM x iiN
74'7 74,001, -:

~7o ~T i -- /,0 0010 000 180029 lo.,05-
7.7 77*000 ___________ ___

78u i F-o 10. - - -0 riW7 8 g~~
79 r 799000_ ___ _

Al 81000 0

93 83*000 '

87 87*000

9 '89.000U -5

91 -- 9i'000 At -

ITI 9' 000 !09 -21* f391e 0 042

95 - 95100U. o,.
96 96.000- -- %d*--Ubd- -p5 - -
97 - 9.000
98 9A.00: 7 1 -6,0

101 - 1019000

103 103.000 :lWHEN THE L.OAD p 22.5001S 15*OFT FReM LT*. SUpT.
15 1050000

I p 6"- 1064 0u '
1()7 - 17.000 :THE HORIZONTAL REACTION HlmH2m 7f405KdPS
1089 108-600U 5'



109 109000 :________
'I ib-- I 1bo 00-THE _SVAR ,A'r -TAE--T-SU~poeR 1Ti kiis -_____

21.13_* '113a,000 :THL SHEAR AT THE RIGHT -SUPPORT vt2u 3*06SK1PS
Ti4 - 115&.000

117 - 117.009

119 119.-0 1580 '0 00 180976 354

-121 - 1214C0u : 1590 10.0 .127too 18,036 safpqi-

a173 - 123!pop 1500 260- itiks97, 4*660 *564
124 - IF.09iV j

IP' 125,000 1540 04 86.290 61336,*

-. 2Sao : 15.o 5o0078 7-.096 43,4726

13: 1314000J - 150 6096-40b 79096 P3*726

i--1'3-- -133*Od A. - 1520- -7.'-- -65#75- 6-336 Av~(S
1~~3V.00u : U________

1' 1,, Oou : 15oo 80.0, 69.51 5.471 -5.857

137 - 137'tou i5po 0- 00 i-b , go 4600 06956,4

139 - 19'000 154, 100*0 P36.63 3 788, !7,)064

1.41 141-00 15.0, 1-10o0 ;100 3.066 -140s,

j 4 4 * T 4 7 _T _ __O U

145'- 145.000 : u

I)6 146*000 - f'IWHEN1 THE- 'A~D
V4 147-060. _____ ___

.N47 149.000 **#********.,*******..*.****
---0 ,THL HORtI0NTAL'RACIW ~c RN17-F{3--r r3 I --

152-s *00r.
'- :Vrt VtiSA-R AT THE LEFT SUopRT Via 18-40900PS

'15 lbb:000
156 156.00 ORv "Z4SikP A! iti 7 _SUPPeRT Pii 9Ks ---- *

1F7 -- 1579000
158 15. ,000
I~ 159.000 :sm -

S16 6o.oou(j
1A16V- 161*000
162 - 162.000 20'90 00 -00 4.1

C-42
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1,1, 1941- 6 , 00

17 - 66
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Zn6~ 400

21u~V~0 301,o 5O, -v- J - 1103 w946

t6 is -oQ0

C-4f34



122

zpj ~ .O j- ,
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2-5 g 0 25. i00oo tt75o 1131
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229, .2___90O0

2 Kim rv f IMW - - __________-_______ _______

2 37 -237.00 do-

j24 239.olOU 41HE SHEAR AT -THE LEFT SU0140T VAi 16s364X1PS ______

?4 4-2,, :'Q -- 0

24 24,9.0603oU2r

S25P i,60o

27 257 2 22 : 1 mO7O- rn 2

2 %o 20O0 30.0 '60,#0 -- -b7 i82' 18 ~'2

263 63'00OU
264 2 64,000 :30"0' "000G 99632~
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8- V7.O~U : I3. t1oc C'00 5* 115"' -373



;i2 220/72 :30----

273 - 273-00 ______________

75oo 275WHEN THE LOAD p 22.SooIS 35*OFT FROM LT. SL~pT.
276-W 276. ______________________

277 . 277.000 ___ __________________

a7,- 279.000 -,.THE HORIZONTAL REACTION Hi.uN'JOSOKIPS
281 - 28o1o000

28 286~o : ________ I________

28 287*00

28-28 0  SMX - 1 _N 0
2A9 - 289.000 _______4___

296- '-'2o odU-
291 - 291.000 : 35*0 $0 000 kii348 .347

_T92 - Rt- oroo -
293 - 293#000 : 3590 1000 18.41 21120& 2-46§

2 _-; _ 294_-00U_ _ ' _
295 - 2955.000 1 35*0 2000, 63.-81 209765 4#976

29? 297-OdU 3!5_i 0, 0# 136v2E 19*867' 7*821

?9 99.000 35.0 4(., 123,13 12,443 !1098141
'366---~ 30_iOOUooo'!
301 - 301-600u 3590 0* 24951+ 14 11+1 *8*474
'302 9 0.0 ~ -~--
3o3 2 039000 : 3590 60.0 .'47,O5- 14+0,141 .8.474

3C) 305i*0 : 5*0 7o'0, '51.64 1a'4143 T10,814

36 jo7-OOU : 35io §090 '109.23 Aov57 ____ 6
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5i=XISEARCH1'-

~L0G IN: 10714RD* Cr

!BASIC'
>I0 FOR, B= I M 15

4'20 LET E=t4SB,10I1)/81)
: 8O LET t=~N5,c-)

* 40 LET T=t~200OSIWCA,
570- -LET Cx7*CSS(A)

:.60 P064T EbRoApTC
10 -NEXT 9

* ,-80 END
,:,.UN

11:56 12/ R ,(F,:) A (44,p.) aj
I 151-3 3.63596IE402 3 301O09!'*96 3.298#it.66

2 757.-250 '7*269!52E,02 li6521 s~t06, 1.64782E06-
3 505,.667- :108983 1 4 032E06 410973 E
4' 380.125' 14il99 8049364. -9206-36-

5305 *18132 ,0 665455.o 65_15. _
6 _6.s 272 544.'A45
7 U19.571 .2531894 479065. 4631,92.,*

8 193.063 .288853 421227. '*f3
-9 1.72.556 9324398 -,3*h46 s 3 504 8,
10 M6~.250 35_970.7 344099.

1.1 143, 394791 1Q02800
12 IZ. 0.40 .429631 2;8?09 1'.26*9
13 lg2.84 6 .,464208 -,268(966*.
14- rf5,03& i49850A 25 60767 i 2?2.

15 ~1068.333 .53250A 3-'4
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AXi-5QJERSEARCH
I1/S/ j-72. 1400

4 !LGINt 1507BRDP-C*
ID=- A
IBASIC
'10- LET C=101-818
:20 FOR P--10, TO 25
:,-30 -LET'D=SQRk ((A*C)/cP*3 14)p)

40, LET SuP*CD/2)
SO-- PR INT Ps Do5

3,60 NEXT P
>10 E6fD-

1A4-3a 12/18 /.95.~s
* 10 P13885'699439

11 -108.v 588 597.233
12 -1034.965 623o790
1,3 99.8863 649.261
14 96.2528 6731170
1'5 1?'-989 1 697.418
16 00363 720.290
11 81.3480 '742.458

18 894.8870 - 763.983
i9 -82.e6219 784.918 s

2-0,-8S0*5469 805*309
21 78.5901 825.o1,96

72 76.-7 8 32" 844,e615-
23, 7t--0954, 863-.507
24, T3.5143 '882.1"I72
25 720290 900.363

70- HALT

>SYS

BYE

CLT 3
CCU 0.010
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.RSEARCH

o1/03/ ,73 12,i-*! L86IN : l57F- :

!LOGIN: 1507BRD*C,,
XD-- B - ,

I BASiC-
310; FOR D=60- TO- 120 STEP 6
:>20 M=8044600 (-4. Tuag).g
>-30 P=(16*M)/(3.-14*D*D*D)
' 40 S3C(P*D)/2
>50 PRINT DjP.S
?,60 NEXT D

:.RUN,
12t56 01/03 '
60 oIA. 189.7,2 5692.85
66 ( -) 142.571 4704.84

' 72, '109.816 3953.317"

76 86.373i 3348. 5
84 69.1552 2904.52
90. 56.2257 2530.16
96 49.3285 2223.77
102 38-62A4 1969.85
1-08 ~ 3295330 1757i.05
114 27.6661 1576.97
120 23.7202 1423.21

70 HALT
. . FOR D=60 TO 120 STEP 6
:o20 M--;7776000 (-r' . raits - fI 'p-£,-"N)
v30 P=(16:M)/C3*14*L)*D*D-)-
-40 S=CP*D)/2
>50 PRINT D.PS
>60 NEXT D
>70 END

* >RUN
12:59 01/03
60 183.439 5503.18
-66 137.821 4548.09
72 106.157 382,1.66
78' '83.4954 3256132

* 84 66•8511 2807.7.5
90 54.3524 2445.86
96 44.7850 2149.68
102 37.3376 1.904.2,
108 31.4540 1698.51
114 26o7443 1524.43
120 22.9299' 1315.80

70 HALT
>SYS,

lBYE

01/03/ '73 12:59
CLT 4
CCU 0&020
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This table waik'developed using,30 000 psi oalwotgo wodnigstres s . these foods maybe increasd in the

tensile stiess.:Steels with allowvable tensile stes "ratio of 30.00W psi to the design su'em used, in order
Sfrom 22.000 psi tOdl.O00 psi m y+be used to rtet to meet thi same deflection 5irifons.) For-rooks

this load table. The following table gives+t e TOTAL + .IVE load deflection is limited to f1/060 of the span
safe uniformily distributed .Ioad;carrying capacities wherea plaster coiling is attached or suspanded;
in pounds, per linear foot~of span. T/240 of the palh for all other cases. in no cowe shll!

_ AIl;oads shown are for roof cdhstruction only. The the TOTAL capacity of'the jbists be ewoooded.*

: .weight of 'DEAD loads, includiq ; ghit of joists. When holes-re required in the top o bottom chords,
+must in all, cases be deducted- to- determine hethe carrying-capocities must be reduced in proporion

SLIVE Ioad-cairrying, capacity of the~Jbist. Approxi- to-reduction of chord areas.
_k mate" weights per linea-i foot of joist nc ude ac- Th top chods ae consderd. s being stayed

cessories. latally byt rof dock.

,A +' The figures shown in M~d are the LIVE loads por ,The load table applies to joists with -eithe parolmtk
I i, ear foot, of joist whiclh wiill produce an approxi- chords or standard pitched chords. Who top cod

, +mawdeflection of 1/ 6Ootthe soon. Loads which, are pithed, the carrying capacities.are dwi~rned.

-o w p -a- a ate defli in of1126 - of by the nrhinal depth at the center of

* I- duce n S.roi 0i iu TAf 'tej

the span mit yie vobtained by multi plying thllowae o- n span. Standird top chord pitchis ' per foot.
ens-figures bs 1. (NOTE: Th tabulate s1ads corrr-  f 0 0tch excesi t the stn tres h sldtb, in de

sponding to these 0 defeceefon limitations.)havebeen pat apply.
computi d on the basis of 30060 psi allowable The load table may be usl for aral chor ists
stress proviions. For josts designed to a lower, h s f tO a mtimm csef Kn no fos,-s l

AIJoist Approx. Wt' for SAFE LOADn" b e...e..d.

Designht in Lbs. p lr inch Lbi. oj CLEAR OPENING OR NET SPAN IN FEET
mation Liear linches fotor

-cessories . .. . " -....... l -b th rIllec .
The fiue.honi....aeth.IElod e Tela tbeppies tojit ih ,ihrprle

52LHia 27 i 26700 28 21 28 279 273 267 201' 2hso 251s 24d 241 23 231 227 223 218

a,180 174 1ctn of3 18 13 a148 .144 1whic 135 131p e 127. 123 120 116 113

52DLH11 29 52 29300 327 320 313 306 219 293 287 281, 275 270 2"4 259 254 249 244 240w197 19pd 1u4 178 by73 167 162 157 152 148 143 139 135 131, 127 12

51 D 52LH 12 31 52, 32700 "35357 349 342 ,34 327 [320 314 307,' 301 i9 5 289 284 278 273, 258
h215e208 202 195 '183 183' 177 172 167 162 157' 152 148 143 139 13

'i , 52DLH13 36 52 39700 443 433 424 41+4 i406 397 389 381 '37335 358 1351 344 338 3318 0 25
, .2 M0 252 ' 244 ZJ.8,228 221 214 208 201 195 190 184 179 173 188 164

'+ 52DLH14 40 52 45400 ' 507 4978 466.;476 4668 457, 447' 439' 430 421 413 1405 397, 390 382 376
291 281 ,2' 283 265 247 239-232 225 21,8 212 20S 199 194 ,188, 183fiUMs 45 5 2 5i0 569 545 533 522 11 500490 4c8 470 461 451 443 434 425 41

r° 32& 317 307 297 =287 .278 270 261 253 246 238 231 226, 218 212 206
+ 520LH16 so 52 55000" 614, 601, 588 575 i563 651 540' 528'5 18 607"- 497 1487 478 )468 459 4511

365 353 342 331 320 310 301 291 282 274 268 258 2601 24-4 236; 229
520LH17 55 52 63300 708 6591 67 0' 661 647 634 620 608' 695 58 7 560 549 +153i9° 528 5181

/ ... .,. + 416 402 389- I 376 3 1 342 332 321 3121302 29,z 285 277 269.261

+ 56DLH11 29 56 28100 288 283 277 1272 267 262 267 253, 248 244 239 235 1231 12287 223 211178sn172 167 12, 157 153o48 li 140 i13s 132 12be125 172 119 11
6 ouLH12 3o 56 32300 331 324 318312 30T 3 t295 289 284 278 273 2M8283 1259 254 24

'194 1188 183 1177 -172 , 17 162 18 , 153 149 145 141 137 133 130 128 ,
-5DH3 36 56 39100 401 1 394 3861379 372 365- 358 351. 344 338 331 325 31914 308 303
• +235 1228 ' 71 16 208 202 196 -+191 185 180d 175 170 118 111 157 153

S 56LH14 40 56 44200 453.L44 435 427 419 411 403 390 388 '381 375 360 361 1355 349 343
263 255 ,247 240 233 226 220 213 207 201 198 19111851180 176 11 71

56DL15 4 56 50500 518 6508 4981488 478 469 460 451 443 -434 425, 419 411 i403 396 389
5L15 4 ,I296 1287 2781270 262, 265 247 240 233 227 221 21612091203 1981192

tresLH16 p so 56 4500 o oi 548 t37o 526 516 06,le 4t 7 478 469 460 452 444436 424

S330 320 310 301 292 284 276 268 260 25 3 246 239 2331 22 22018
56DLH17 55 52 62800 643 U30 618605 294 282 571 5 7 549 539 529 520510501 4924

5•DLH12 31,52 32700 375 364 349 342 334 323 2 31 4 30 7 295 2 89D280 2728a2 7 2' 8

21

I7



I Jost Appro.WL D t E LOAD
D s pe . in i ;Lbs. CLEAR 0 NING OR NET SOAN IN FEET

I t=_ Linear Ft. Inches Betw.oi

6i0DH1 31i 60 31,00 1 2 U 2 1 01

6DLH13 36 60' 3400

60111 5 60 49300 q18 17 17 39 168 6

il4DLH14 31 64 30000 264236925 61 443 39 2 326 231 2 M 242 301 21 22 20

I 210 204 199 194 189 184 180 175 171 187' 163 159 155 151 148 144,640LH15 45 64 47800 421 4144 4400 394 387 3137-39 363 358 352347 341 336 331

247 241 2.35 229 223 217 207 202 197 192 187 183 179 174:170

."014116! 50 6,4 . 53800 474 468 458 450! 4431 435 428 421 414 407' 401 '394 1 388 382 376 !370
- ' 276 28 262 255 248 242 236 230 225 21,9 214 209 204 199 194 10

--- -- u
4

1DLHI7 55 64 2000 546 536527, 518 50 501' 49244478 468 461 54 446 439 432 426

314 30 298 290 2 76 269" 262= 256 -250: 24 238 232 :227 222. 216
640H-18 62 64 ' 71600 630 619 03 598 587 578 568 559 549 540 532 523 515 507 499 491

S3551 .6 37 328 320 312' 304 27 289 282 275 26 2625 250 245

I 6801113 36 68 35000" 288 284 279 276 271'1 267 263 259 255 252 248 244 241 237 234 231

181 -177, 173 168 184' 161 157 153 150 148 143 40 3 134 131 128

194 18 185 180 176 172 168 164 160 156 15- 149 146 14 0 137

16801115 43 68 45200 3721 365 360 354 348 343 337 332" 327 322: 317" 312 308 303] 29S 234
,217! 212 207, 202 197 -192 188' 184 179 175 171 167 164 160' 156 153

684LH16 50' 68 53600 441 433 427 420 413 407.. 400 394 388 382 376 371 365 360 354 349

68014 17 5 68 0400 25 6 249 243 237 231 22 6 220 215 210 206 201 19 8 192 188 184 180

680L17 5 ,I 68 6400 497! 489 481 474 467 460 453 446 439 433 427 420 414 408 403 397
290 283 276 270 263 257- 251 245 240 234 229 224 219 214 209 205

68021 2 68 69900 575 568 557 5,9 540 532 524 516 08 501 493 486 479 472 465' 459
L328 320 313 305 298 291 284 277 271 265 29 253 247 243 237 231

S68Dt:HI9 70 68 ,80500 662:.651 641 631 621 611 01 592: 583 574 565- 557, '548 540 532 525 ,

- - -,372 363 354 346 337 330 322 314 307 300 2931 287 '280 274 28 262

7201I1414 39 2 39200. 303 298 294 290 285 281 277 i274 ;270 266 262 259 255 252 248 J245100 176 172 189 161 157 154 151 6 147 144 141 2 138 135 132 130

642L141 3 72 44900 36 335 34 34 33 7' 33 326 32 31 31, 30 30 29 29i 28 7

202 197 193 188 184 180 176 172 19 16. 161 158 155 151. 148 145

7204LH16 50 72 51800 401 395 390 384 378 373 368 3363 5358 353 348 343 338 334 329 1325

237 231 226 221 216 211 207 202 .198 193 189 17, 181 178 174 170
-)2D H1 55 72 58400 451 445 438 432 426 420 414 48402 397 "391 386' 381 376 371 368

270 264 258 252 246 241 236 230 225 221 214 2 0 207 22 198 194
4LI2T11510 6 4 7 2000 52 6 520 512 8 505 497 490 483 479 470 463 457 4 0 444 438 432 420

3051 298 291 285 27 2762 266 261, 255 249 244 239 234 229 224' 220
62DLHI19| 60 72 60200 619 I609 600 591 582 573 565 557 549 541 533 526 515 51404 497

53346 338 '330 1323 316 309 302 295 289 263 277 271 765 260 254 249

rf I,nq 204.10 of il n $t:ndalrd Speilctlons for Dep longspao Steel Josts. LJ ad D~L- Sericesfhrnts the design U|VE oad deflecton s follow.
Z'10 Of w,1 wee a sttts, r celg {s att8id or usponded: 1/240 Of span for al1 other cases.

"" t l' t ai,n f ., ,, , un fr m ton ad( b ew nn s Ca ta show n, div de the af e Load in p~oundsb V net sp n iii feet plus 67 feet (The added ,67 fe t,
"J € qhlt sr-i It'. ,s t ,esssry tn1 obtain the pir.,,,r spn for w nch the load tabfes veie developed

-1 9 4 11 
5

i -77

L.A -:

60LI 43 6 50 7 6 6 5 4 4 3 3 2 M 1-3238332S 3
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02 /23/. 173 09:15 POfA /f/'

!O -1N 1507BRL),C# - .

TD=FY
S IASC . .--

>LOAD TWO --

19I SRIT"T
10 PKT"T I'S A, PRIN4T OUT FOR BENDING MOMENT ON A TWO, SPAN"
12 -OR INT"ClWTINU$.BVA I- CNETAED> LIVE LOAD .4SVING"
1-3 PuififfTACAS THE BEA!4e"
15- PRINT CNE~AE
20 PRINT"THE COCNRTDLIVE LOAD (LBS)" .

30 INPUT P
A0 PffINiTit'EDEAD LOAD OF UthE RAWP(LB5/IN~a -

60 PRINt-S
7-0- PINT"'D1STANCE TOTAL TTL

* 8"0 PR-INT't ALONC MOMENt' * M614ENTot".
go PR INT"THE RAMP, AT LOAI.-- AT SUPPORT"
10G PRINT" CIN) .CtIN-!LBS) CIN-LBS)"
1'0 1 PRINT
i-65 FOeR X=60. TO- 660 Sh-P 30 ..

1-t20 M2=(8365.5*66)-CCW*( 60,2))/2)
.120, V. M31rCtP*X C6 6 0- X11A*(660 r3))C C ,6 60,2) C X*C 660 +X) 3

- t7.0 PMlTXpMKjM6

180 NE

O2/2~/ 73; 0904,7
OCLT 2~ **

-CC '0.0,18



,!BASIC .

':L0AD TO .

1 4:,52 02/22
THIS IS A -PkRINT OUT-FOR' BENDINqG M@P.ENT ON A--.TWO SPAN

C-NINUOUS BEAM WITH -A_ C90NCiNTRATEQ- LIVE LOAD--14VING'
-AZROSS 'THE. BEAM.-

THE. CONCENTRATta LIVE LOAD CLBS)=
? 120O000-
THE DEAD-LOAD OF TH4E *AM4LBS/1-N)w .

?33-S'

DISTANCE TOTAL 1OVAL
ALONG - MOMENT MIN
THE RAMP- AT LOAD_ AT SUPPOXT.

(I) 1t4-LBS) -CiN-LSS)

-60 6*82426E+06 -3*62553!E+0.6

120 1.104EO 5*321IA0E+6 *

1-50 t.38E5E+07 -6.107197E+06
V80.O 1.53041E+07 -6.83076t+06

210 .6311E07 -7-.5D260E4-06

240 1.70896E+07' -Bo08834E406 -

270 .. 43E0-6*&58483E*06

300 4.73793E*07 48.9t091E*O6-
-1330 i.70077Et07 -9265410:'

3 60 I *64395E+07 :-9.427t9E*0(v
3190 . T. 5377E+07 -9.,45508E+06 .

420, 1.40985E+07 -.- 33793E+06 - .

450 1..' 25985E+07 -9.06458E+06 . .W4:,

480 1*08973Et07 -9.6238SE+06

510 9',.01652E+06, -8.004(,7 +06 .

-540 f6t.989ASE+06 -71 9578tE+06

* 570 -4. 8517 l406 - 6. 19607E+06

600 .2.64078E+b6 -,4.96438E+06, 44

630 396211,- -3.51 954E+06- ..

4660- -1840410 -- 1840'410

190 HALT
'SYS



G.ZMPUTERSEAftH
02/23/, 7 3 08:-53
ILcf N: -1507BRb-,C,,

HASIC.

CONY
UINABLE f-0 OPEf4
>LOAD CONT
-LIST
1 0 PJRINT"THIS IS A PRINT OUT'FOR BENDING MOENTS ON A -THREE"
12 P~lqrITSPAN--CONTINUOUS BEA14 WITH' A CONCENTRATED LIVE LOAD & -

.13 PRINT"MOVING ACROSS THE BEAM*"
15 PR-INIT
20 PR:INT"'TH1E CONCENTRATED LIVE LOAD LS=-
30- INPUT P' -:

40 PRINT"THE DkEAD LOAD 00 THE RAP CLBS/IN)ws".
soINPUJT v. .. 2
65, -PRJNT").-71STANCE TOTAL TOTAL2 - ' -

706 o PRNT" ALO Nd M0MEltw MOMEKT". . ..

80 P1NTTH~RAMP, AT LOAD, T1T UPH' -'

I'00 PRINTMCA S--SPOT
90 PRINT"' XIN) CIN-LBS) C 1N LBSi" :.7> ~ 1

1 10 FO~P 1=40 TO 440 STEP.* 20 .

120 M1I=C 4*W44*X)-CW*CX.2)/2,)) ..

-10M2=-. I*Wt(4d40 i2) -
160 M3=KC*X

* 170 't-=-(K*440)-(CP*CA40-X))

.190, M6=M2+M4. -

* 200 PR I NT ,M5,k6.
2"10. NEXT X ..

220 r-Nb
;*- -,

02/23/ '73 08:-.55

* CCU 0,*023



48ASiC
3tOAD CONT

*RUN

THIS, ISAA PRINT OUT FOR BENDING6 49MENTS 'ON A, THREE
BAK'NCONTIN US BEAM WITH A1,C NCENTRE LIVELA

,M61ING ACROSS THEIIBEAM.

'TIhEF CONCENTRATED LIVE LOAD (L3S)=

TEDEAD, LOAD OF -ME RAMP CLS/IND2

_ DiSTANCE TOTAL TSTreAL -

ALONG MOMENT * ."#9tT -

THE. TRAMP -AT* LOAD- AT 1St.'SUfPRT
-ctN), CIN-LBS) . *-fas)

606.;25?32E.O6, -2. 5 3g67E*06-
:80t -4.7229E+0&- -,3ib19#74AE+06'

- too * '9,OO890E+06, -. 6006E+.06
1209 9'9738'5if6 -4.20B75m+O6-
1740 1. .O675OEe01' -4iAsO$E+0&b.

. 1.1 1217E+0, - -509T4E+06
*180 ).1'34-E-ftT 5$.45O4QE+rO6

200 1 .12966E+07* -- 7325E+.O& -- ..

V-0 .0024k07- -4.'411+06,
- * ~96~8E*Q~. 44E06 *:~

320 * 7 .13756E406. 5 411317 E+06 .'-..

3AOS.5445E+b,6 -S5.O3754E+06
360 4.69602k+046 -44.4263E+04,
3iQ6-1 3.36952E+06 -ii.7446 E+06 .5..

2-.61 ,0960E+06 .-. 2.7586E+06
420 6644. -4 -4 48A29+06-

290 -HA~LT
,>SYS

1BYE
402/2 2 '73 14:57
CLT 15
RAD SPACE I
DISC SPACE 1,
CCU 0.152



__~~~ I I a .. r

IOPYN0 A GIVEN DEPTH-AND INFLATT.0N PRESSUkRE THE- RESULTING"
)IPk NT'%NDlNQ; MOMENTS CAN~ BE SUPPOATED"

11 PAINT'
,1PRIN.T"TI4E INF1LAT1qN PRESSURE C5~

;1 NPUT P 
. .

?OPR;NT" DEPTH BENDING"
~.PRINT" OF RAMP .. MOMENT"
6'4 PRC~ IN) (NLS

V..A '.~ BAD TEXT STR'ING

5~0 roR .Dr20 1 50 STEP 10 .

>60 X=192*D+*,78S4*Dt2_).t2
M=X*. y

>9 1Vk'iNT .. ,

.1,0 NkXT D



i'LOADSTRESS

16:34 b2/22a
THE FOLLOWING IS&.LISTING.OF FABRIC STRESSES AND
INFLATION PRESS4Aii5:REbUIRED TO RESIST NAX.4U SENDING

THE MAX.BEN6jNG AMN dI-D~

DPH'MAXIMUM MAXIMUM WFeLATI-ON

OF RAMP 'LONG. TRANS. RoU&
(IN) STRES STRESS (PSI)*

(LBSfltA), (LBS/Im)

50 30,11-98 1761.60 70,4640
100 12917 47" 830.*546 16.6110

w1IS 749.551 51.246.89659-
200Oo 498-940 361.-696- 3.61,696'U*250, 358,.00 276.080- ..2.16065
300-- 271.548 210.569 1.40379i

110 HALT
-RUN
1'6 :36 02/22
THE FOLLOWING IS A LISTING OF-'FABRIC ST1AESSES AND

.INFLATION PRESSURES REQUIRED TO RESIST MAXIMUM BENLIING
MOMENTS. 

--

.THE HAX..BENDING MOMENT (lNl-LBS)w

'DEPTH -0 MAXIMUM MAXIMUM* INFLATION
oF. RAMP LONG. TRiANS. PRESSURE ,-(IN) )STakss STRESS CPSI)

50 -. C~S/IN)' (LBS/IN)

501958.85 1145.68 4 5.8273 -.--

1,00 837-323, 540.159 10.832
1-56 . 6l7.481 33i,.398 4.45530
20ad -324.493 235.234 2'.35P.34
-250 233.35i 175.652 * 1.40521
300 176.605 136-046 o912976">

110-HALT
:,SYS

62/22J 013 0 11

CLT 13

RA SPC

DISC PACE

CC 0.110/
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Z2 42



iuia0o mv23
FOR, A GIVEN DJEPTH AND INFE-ATION PRESSURE THE RESULTING -

BEN61NG 0*IENTS CAN BE SUPPORTED

ThE 1I4FLATIrOr PRE:SSURE CPSI)a
?6.9
,DEPTH BEN ING P
OF RAMP FOMENT

vubN (IN-IBS)
20 2664A

40 e.08122E.66-,
50 - -70517E.06

60 2*48100E-.06
70 3h4149SEj.O

W 7.23365E+ 6,

Ito 5 w569"064--4
120 1 i.069,54E#,07,

l~0 1.27287E+07
?40 I P.4967$E+O7 . :

1,10 HALT 4. A

10tA2 ' 02/23 ,

FO7R A GIVEN DEPTH AND r~ArwPRESSURE THE RESULTING
IBENVING.MOMkNTS CAN BE !jqPP*tTED

THE INFLATION PRESSURE C(PSi)..
?4.5

bEPTH SENDING i.. -

30, 1 9135029

50 2.27JE+06'

60 i6flt'94E.106

10 3,976172W406

140

rSYS

02/23/ 173 10:44

CLT 8

CCU 0.024 *



'7-n

!BASIC.

4 - 44444T4

:,-RUN4

THI ISA PINTOUTFORBkl4DNG MOMNT N A TW SPN,.4 4-4.

TH DLE"D TOA OF~ 71k 4F~*

TH4ISG IS dPINEOT MO ENIGMENTT' ATW PA:

THE-CRNCETAT-LIVE OiAlTBS
444CO 74

610 A0002+&-.253+6
-- go4

T2T7 0'7 TT L. -

t-T77EO -- 
4801E96

.420- ________-0 -.. *S.3793E4 4

9.'519~ +07 -4.9O205E% 
* .o.,~*

* 540 
6.~3 E 0 -6I79-O

1..53Q4t~O39F.+067.4'o 7 i.t.0g6, -4.96
20. . .39IEO

4

-l:

6340, *9 62 1.78-1 4 -3.O8634EW+ ,0.

__ _ _ _ _ __ _ _ _ _ /!TN

TO 27 HAIA~.85 4 3 40 ____

-S.,98091E _p



k.AD .O .

>RUN~ ~
140.55 02/22

SP~i CNTINUOUS-BEAM WITH' A'CONCENTRATELIELA

WOVING ACROSS THE BEAM. ..

?120000 .. 7

T'HE DEAD, LOAD O0F THE RAMP ;f)B S/fN)=

D> I TNE t0TAL TO ;-TAL ., I - ..i.'.

O 77

.60 R I*.- AT LOAD :_AT Ta.8T*6- ;4ZL~- UP Sit.-

2Yf.32EflT'" j-b54&0
so .,77222z+oz- 5 *974E-f065 ' Z2___

0019.V+0 -;. -. ST5.E. *

J.54E0 -+09734E+06

~~n.Z, ., 3362E+06 -3.-46,42E+06'-
300, E62iA06 .7918Th6EtO& I

320. - 4~' LLLI.I 4717

220 'HALT .. . . - , ' ~ -

VBYE-* '

02/22/ '73 14.*57
CLT 15 .. . . *

RAD SPACE1 I
DISC SPACE I
CCU 0.152 .
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09:00 O_/Z6
" TiHS PRINT OUT IS, A LISTING OF THE SHEAR VALUE CV) AS

A CONCENTRATED LIVE LOAD OSVES ACROSS THE BEAM

THE CONCENTRATE- LIVE LA CLBS)=
?120000
THE DEAD LOAD OF THE RAP CLBS/-IN r
?33.8
THE SPAN (IN)-
? 660"

DISTANCE SH1EAR CONSTANT DEPTH DEFLECTION
'ALONG RAMP (V) (V*XI/PRESS. (,IN) (IN)

(-IN) (LBS) (CU-IN)

60 112724. 980206,. .

.90 104945. 1'36885E+06 /, Z .
120 97217.1 1,69073E.06 12&-
I50 89556.8 1.94669E+'06 o
180 81981.0 2,13863E+06 14.a
210 " 7A506.6 ' 2,26759E*06 M6 1 .
.240 67150.6. '2.33567E406,, AM. IL :
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APPEHOIXF

DEFLECTI ON OF Ai R-I NFLATED .RAMP

A cnitical factor in evaluating the feasibility of an air-inflated

'ramp is the acunt of deflection, which might be incuirred. Unlike a

conventional structure where member stresses, are typically the

controlling design factor, the normally more flexible air-inflated

structure may have perfectly acceptable stress levels and yet deflect

to an intolerable degree. :In many instances this feature may be used

to advantage, allowing the design to flex under high loads (i.e.,

9give with the punches") and then 'spring back to its normal shape.

Although no critical deflection values have been established for the

bow ramp, it is Obvious that a, great amount of deflection while a,

heavy vehicle is embarking would not be desirable.

Several efforts have been made to analytically predict the deflection

of air-inflated, dual-wall type structures. References 5 thru 10 and

20 all propose analytical means, varyihg from rather straightforward,
linear, small deflection analyss to very conpl4iated, multi-term

expressions. The work done by NASA (reference 5, 6, 7, and 8) is

mathematically extensive, but has apparently only been used with small

(18" x 18" x 1 1/8"),, flat plate samples of air mat. It is exceedingly

difficult to apply to the subject design. The analysis by Webb (refer-

ence 20) is more applicable, but questionable when it attempts to

optimize the bee'm stiffness. Probably the most useful is the work

done by Dr. Bulson and Tutt in England (reference 2 and 3); however,

it leans upon experimental measuremerts to establish stiffness
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coefficients. As wi"l be discussed, even further difficulty arises

due to the compsite nature of the feasibili.ty configuration,.

Deflection of a simple beam structure is typicall y broken down- Into

two basic mechanisms: that due to bending (i.e., elcngatioh and -

compression of the upper and lower fJts) and that due to shear (i°e.,

a vertical -shift between adjacent sections)-. In most long rigid beanii,

the bending- deflection is so predominate that the shear effect May

reasonably, be ignored.*

This is not necessarily the case with an air-inflated beam. In fact,
!I

both the NASAstudies on, the air mat construction and the English

reports on the -untinforced, parallel-web, ,dual;-wall bridge indicate

that sheai distortion is the major factor. As wi1l be shown, shear

stiffness is a function of pressure, but tyical ly NASA reports 82-97%

of the air mat deflection is due to shear while the bridge studies,

indicate up to 97% i's, caldulated as shear..:*

Beam bending moment, assuming the upper and lo"er surfaces remain in

tension, is resisted by normal stresses in the surface membranes.

Transverse (vertical.) shear is resisted by the inflation pressure

and any shear capacity of the webs and side closures. This is thus

somewhat analogous to sandwich plate theory.

Y" For a simple rectangular beam with load at mid-point:_
Ab -- where

E modulus of elasticity,
E,= shear modulus
d = depth of beam
L = length of beam ref.: Laurson and Cox

"Mechanics of Materials"

,"In actual testing,. the calculated shear values exceeded total
measured deflection at low pressure.
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Th capacity of-the r~v-or bow tcrry load Inbnding asy

analyzed by simple beow theory. As the webs typically have the high

strength- warp rimming vertically between the, skins (direction of

viakimawd~~ the hijh elongation fill is lingthise. Conversely,

the low stretch wp runs lengthWse on the skin (miima load

direction in -that -j~m.r). Thus the webs may be consevativ~Iy

assumed to have a negligible cotributio, as they have a -high

elasticity in the bending direction. (frequently, this may not be

the-case in special constructions. In such cases the section may bs

treated' as a composite beem with the webs having a different modulus

than the-.skinPs.) The effective uornn of infartiai is then exoress.J by:

'1-, 55

h x x

FIG. F1



1xx~ fy~

Y r ios 8

dA :tid@

Ixx zi r2'cos2t

-, 4v-1 22tV ,

= iWt 1 1/2 a+/i vkSip 20

= ha.'4 I1/2wt + -14 s -z-,'~

r~t120' sin - ]
or

-with a imp). supported beam, load at cinter,

:1 where x bending deflectionj

or alternately
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P,-_dlng,_stiffness i LO&

F F(48 -;)

Note that this assurms equal material for upper and lowere surfaces.

The basic equation, which is not derived here, also is for small

deflections where 7 aG ',

It is interesting, to observe that, theioretically, bending stiffness is

not a function of inflation pressure. (However, the pressure must

be sufficient to prevent compressive wrinkling and maintain a

linear modulus of Olasticity.)

The capacity of th6i air-inflated beam to resist shear may be simply*

-~ analyzed. Looking at a free body or-small portion of the beam:

*3everal references develop the same equation by more rigorous

means*



F6r

P A, show df Iectiom

aV show force

4)A -cross- section aea

FUG. F'S T =sum'- of p t -lowieskin- tensiozs

L1distapce from load to:point
of reaction.

*assuming the webs carry no- load lengthwise*

* Forcei balance:

pA

V pA tn

for small angles, p $ tanji& sinly

V epA

or

*a reasonable asswro~tion in this case as the webs normally are not
attached to the skin at ends.
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DeflectIOn

Li L l

4=Li tanY

. A5L 1 'for ml 3 angles

pA

or deflection per unit iongth

.A- zg V

incidenitAlly ,.

iAr is the coni term for angpd ic shear

deflection for small aingle"

The. shear stiffness is S a igL
DEFL.

S= V
Ars

VV

IA
L 71vi



1'8
again., for a unit length, . tfns s

Ss pA

- Thus shear stffness i-4 a dir, ;t fuinction of pressure. It is this

def lectiop, mode then- that resul t. in- the beam becomng sti ff er wi th

inicreasi ng pressur lap i ntui tive, observaion- whi ch i s' easilIy

verified: P-.erimental-ly),!

As- thiM valuei may be of feaetusit may be further develooed, for

I a 4uM-wai1 cross section. The 4rea for Mei, tell Aii.

A) I r1
.(2*I a

At 04 4,ab) 2(rA4C+4ab)

~ 2' 2)
54 ~~~~ b

W r ~r- 7

P'1M w F3~~b



A-it 2 (erm+,b (r poi4)-j

r-2r (rat+ b cbs4~

or

3kh- W- jcosg)

k(h #4 +W -Cos)

Substituting i.i S =PA

For ame dell

S =p,1 (h,04+ W cos%&
2

W b- -sin 4
ii r

S =Dh2  (o., sindcosL)
2

wh~ere Sc = shear stiffness per unit lenqth per ell



nI f' an t nt

I It ts Si giiic~n tont hat the contri-bution to shear stiffness by

the w6t mmbers hi s- been i gnored in, this analysi s and, in most reported

s tudi es'. Tutt -and Perki ns in- Ref. 3 analyze stresses i n -the web;

diaphrag~n, but do not enter the effect into theoretical deflfection

casculation. The web effect' is naturally included when they made

qXperinenial measurements of shear 'resistance. Likewise, Birdair has

experimetatly observed Significant differences in deflectioni with

'Irelatively small changes in web construction. The problem presinttly

is not only to devektp a reasonable miathemiatical model of the detailI

__consttuction, Jbut also to- establish supit-able property-value,,,S (mbdulus

of elasticity, rigidity, etc.). for the nion-iso6tropic fabrics. 'As

iresult, in actual practice it 'i s cominon to take' a very pessimisAtic,

conservati've approach and 'use the shear-stiffness as a fuqnction of

pressure (which is only true, for the most. basic destgns) and then,

experimentally rmaure true values.

Webb, in Ref. 20, devdlops, an optimumn relationiship qf web/cell- geometry

for maXimum stiffness, fo-r minimu =,nWeight, ba'sed upo te -rsu

shear sti Ffness, 'Unfoi-tuinatdly, there aria sdverail questionable means

usied (peipcip~lly 1Th ,arrivfng at, hon-;d!iii~nsi;onall par ameters)' ir

-reaching -the optirpum geometry~l ConsequentAly, Ihe web I ayout showft 1in'

f~ ~ 0 Ii~u't9 O doe no agr!ea vith Wabsopti urnarranqes t , t

i in.5tec has wdbt at onsiderably, Oloser spacfhg._ Thts shol xeuI

st'f- ben but, -at a ,psibl'e sacriie -in teg't
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It may be apparent that tiirdaie is not ful'ly convinced of the practical

usefulness of the theoretical derivations*' In this regard it-may be of

interest to look.4t some comparative-results with two experiiental

beamfs or panels. A typical, beam is, shown in fig. F4. Each ,beam as,

91" x 31t X6 thick with seven cdls. Thete s, were Jiietfical dexce~,t

411 :hZ4 a strait4. kipjl e gfly flange, at the WOb/--- ji nad .hd

-A bis sin1 *,PTY flIanige -4this joiht , The reesultisd uf testln of

-,htsp. Ia~s as'sn1 ea ~s with v&riout-.lo6ds, thie mi d-,

~p~tnt, are sAho n~ in o F arnd F6. Assikhtn the total, def I iti oi-

- - is, ]ht7e-'to.b i n an ihar:-

'he A ftiOt deflIecti-ri

.4e f Iecti 6r duei to, bendi n

Bas~oi thepreviously dieveloped -eqtatjots

gi a~ven ,b! am L, i 1,, A @re cObst-t

T he r-f qr c . at a giVe-n F, but Varyir pP

-vrisas, I/p



'Fit

Tu if We plot deflecation weA a ficto of~ Ip for OU var ous ba s 4
Figures P6 and F11 it shiould be possible to extrApolate Owe tast to

obtain a 4efloiC-tion at 1/p ii thfortunately, theePer~iMenta-l-points-

-do not la6nd theeoselves to a very relifable extrapolationt howe ~, -as

shown in, the uper -corner, i t is possi blew to estimatoe a,**at probable

point "Me the lowds cOss thie vertical Y Akcis. SOMWs questoeiaI y

for both-pahels-, khfiforce us to ignpoethe resvlts. at 5, , a

thee ivldindcafte an voiwr deflection). Figures 07 and- FIZ aret

detail plots of difloctiom vs. loads at the varioux presure ad

,defleci.tiog due to bending, -using, the stiffniess rate, derivd -frow -th

prevIous fig~are

Using these results. and using the relatioship A '~
i t i s -possi bl.i to arrive ast-a value for &,,at various I oads and

pressures,. This is plotte&d for 20, lbs., and 4.0 lbs. 'in Figures F8 and

I 3. The Value of /A foe various pressures may the",be plotted as

Jin Figures F9 and F14 to give a line representing shesr _tiffnasi as a

function of pressure. The previously derived bending stiffness is also

shown on these figures. The results indfcAte astiffness/pressure

retationship imuch higher than the equation g&. Even more surprsig
L

the bending stifftess of'both panels is apparently the same (80 Wbe
(inJ)

The stiffness/pressure. ratio is differet; -at 4 ,p:i panel I hAs a rate

of 105 ]b./In. while panel 2 has a rate of 135 lb./in. This is quitet

contradictory to what the simple theory would say. We might thm~

question thei correctness of the theoretical pressure or shear stiffness.
From Ithe previous equation, As V, it is possible to calculate deflection.

pA

IVI
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FI~~~~~~- *hq fo7 v the coye .rI car, n hernut

£si t gve o&j,, a eealikatibn'of t rhi~

pfTedui-a 411 costruction tan ha've-extepw*e y :signffint-

e~f'ct. ~~gt ~etyotthesi zed that i-n a' smal 6Ienteserefc

of h~ebs-~s ~renel sgiffi cant;I likewiste the 40 of "A Wft& web '

cbntrq;ctio (or 2 pTly bise ) mhay yiq1 tisu' hihsiff es.A

thi's-Po pit t may be. of- interest to comnenmt -6 th~. actual 'Iilcati onf

ofthelg',test panels. The. constrUction, msed- in Pe~net ff2 as util-ied

14, the de4gn f of' the TPS 3i,- dual-wall ravi eis hieh-'has seen

--yey sati'sfactory service' in .the Marine Corps an-d RAF since '195$ .

I-kver, the cgrntrucftion Tis skoamhat experri-ive, -rsqulrin9. very 'high

9ltywor~kransip,6 it was subsequently ibandoned in. favor of a

si np,1i er desn less 'suject tq eierbts in woekm-anp.

Fur~ther calcul*I ons of def ecti or', - e i ncl ded in, the detai, I d

analysis for th 6 specific confi Wrations. Of specidal note are the

calcul'ations for c~fi'gurations 2 and 10, and-,the experimebtal frodel.

Likewi-se, the Pu1lc6n and Tutt reports give actual, values for theI

- English bridge expeiriments, -
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APPENDIX-G

PRRESSURIZATION

QALCULAT IONS
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Vc = Inflation pressure of the cell psig

P0 = Pressure differential across the orifice psig

F = Pressure in the cell-absolute psi

/0 = Oensity of air at the cell pressure lbso/cu, ft.

Q = Flow rate of inflation air into the cell cfm

1= as above

'oJd - Incremnental increase in weight in lbs.

V = Volune of the air weighing Wd. pounds

l~a = Average flow rate over the pressure increment cfm

T = Time required to complete the pressure increment in minutes

G-5


