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SV1OPSI3 	 ,/ 

• Tho onporimontol otudy roportod hoiro two boon 

doDinoi to dotino and ovoluoto tho wolo of lotoral con.• 

tinomont in tho boorina capacity of tho oubvado condor 

vortIool %omit,* Tho mothod of approach omployod conoioto 

In otiodylno tho influonco of lama confinotient on tho 

modulus of olastiotty ,  73 of throo typo° of °olio widow 

condition° or modified Immo cOmpactios* Tho infOrmation 

io 01,10104 in tho ttonooa cothod of floaiblo pore-Joint 

dooian to dotormino tho offset of latosol oonfinonont on 

dooinn thichn00000 or flosiblo pout. 

Undwoinod trioalal toot two boon u od to dotormino 

tho It of soil*. Suttoblo voluos of latora floW prossum 

oloulativo of Oho If:sterol otrosotto dovolopincy in ?told ore 

opplipd in tho trisaial (toll* Th000 voluoo of lotorol 

ptonsuusoo 'metro dotorminod by On onpotimontol procoduvo 

ouclootod in tho pr000nt study. 

Maw= doolan motbod moftoo uoo of 20 poi lotoral 

proosovo in Ow trisaiol toot irrospootivo of coil typos 

Tho roouito of tho pr000nt study Indionto thot roollotin 

volno of lotorol pin:moor° to ha uood in triaalol toot 

vowlos *von' a rolotivoly wido room) dopondtoa on °oil typos, 

Consoopontly tho voluo of Z and tho vooultaut dooian thicft* 

n000 of povomont 6;0 conoidorobly offootoda 



It hes beamsinterred ai s that the use► of 20 psi 

IaterW pressure is realistic only in case of soils having 

California Deering Ratio around 2 percent or Group lodes 

round 700 other soils require lateral pressures varying 

directly as California Bearing Ratio and inversely as GoI, 

eased on these results a method of correcting the design 

thiokness obtained by the Kansas design method is developed, 

06,1014. 
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INTRODUCT/03 

1.1 Oonowal 

1.101 	Thor° aro a groat many methodo of flonibl° palm* 

moot doolgn difforIng coot:adorably in thoir cothoda of 

onalycto. Tho dooicn mothodo currontly in practioa aro mostly 

acplrical cod oant.ompricol. The bolo draw boat of ompirimp,  

()al mothoda io that tha tafoty factor actually boinl'omploy. 

c4 cannot ho oatimotod (1)o ,. 

1.1.2 	El000arch not* to in proarcos In many countrioo 

for modifylna tho pr000nt doolgn mothodo to maho that:* toro 

woollotle. Studtoo aro alp* boinc mado to ovoltro a rational 

40oldin mothod. Th000 offorta aro justifiod for two major 

ramoonot Virotly 0  oatmeal, in this diroction ulll groan, 

contributo tovardo otandowdination of uniform doaion promo. 

ticoo under difforcnt bold conditions. Socondly, thomo 

to immonoo acodamto intoroot contorod around thto topic 
of haat° raanoarch. A dooign mothod to qualified ao Wing 

rational whon it to ouocoptihia of comploto mathomaticol 

anolyol° in tom, of str0000dipplactamont phonomono in tho 

palmmont otructuro *savior aopumod dootgn condltiono. in 

Fromm about half LI dose** mathmatician° hay° boon worhlna 

on thio prOI4on for tho last non y yoaro (2) 

1.103 	Ourmiotor ts analyolo and doaign mothod for flosiblo 

paVomento eonoidorad ao layorod pyotcno havo boon rogardad 

Ou.. 	n poronThooto rotor to 	tn 	 ra 
Bibliography listod in tho and, 



o moat rational approach to the problan mado ao for( I) 

Ourm °tort* thoory is booed on tho asaumptiona of a orltl. 

cal owfaoo darlaction and rut 7 °lactic bohavlour of 

aotomialn in oath is yor or tho povonont comp:mit° (1 3)0,  

Conoaquontl tho moot important proporty of tho pavinn 

notarial() and oub3rodo oo ntronath ovitorion is tho modulo() 

of alacticity R. 

1,2 
	or 	n ' C Iv f ur' ( 	- 

o invootilat 

at lictio doteralna 

wte hove in concornod 

of tho codnius of oloottetty 

of ho oubarado soli. This problom to anolycod wtth °postal 

mphaota on the rolo 	latoral confinomant to an' ado 

undor vortical loado. Ito pranont practice to to Cotormino 

tho value" of codulua of aloottalt of aoil from tho str000. 

attain plot dovoloped from a trlantal toot (undralcod toot) 

data. In tho triosial toot a latorat fluid fpronoura of 

20 WA to appliod irroopootivo of colt typo to oinulato tho 

condt210° of It torol °trona davolopin in aubcrado undor 

vortical load° (b)* trhothor the, woo or 20 poi latoval 

procoura for ail cotta Is roalts to la °poll to quootton." 

This problam to lovoottnatad to tho presont otudy by on 

0=parimontal pronramma conalatina of California Boarinc 

nett° Toot. a Ponotration Toot tith la, Satoh plungor dia. 

motor*  undrainod Trlasial Toot and a Tube Toot* i000 

tont() aro conducto4 on ooil opoclacns und-or conditiena of 
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modified AMID °output on td after J days soaking,. Throe 

soil types are studied, 

1a,2 	The concept of la era ton tn+ t in sub grade is 

explained in the follosing chapter, Chapter /II outlines 

the characteristic features of the bre* types of soils 

used in the study and the procedures adopted for the + arts xs 

tests, Test results and their analysis are presented in 

Chapter V followed by the conclusions from the study in 

the final hapter# 

It o  I 



TRU COnCSP OP LAIIMAL C0.30131MS 

SLMCIPAMI 



N‹ WM CO, P 017 	 Cori 	T X r/ SUDO 

Tho otrorittcnro of oub3red a lal to 

curd. or ttz roe tango to deformat on under wool 

Tho pattorn oft r o-  tion in tho sublrado nood* 

to bo 401111044  fOr a oOmP40to doccrtptaon of tho stron7th 

eheractoristios of the me torials  

oub re ain aorvlca has only normal distri 

butte lc.ad to suppo 

masa of soil that is 

dot arms ion • nsmoly 

wmard disp 

rootiono  

tonal di  

ttndor a circular to(1404 areas  

a 	In vortioal 

irostions 

r0000d may undorao Use forme of 

lour° I tllnr tratox thin 	 ormation attorn 

o endow vortical loads. Tho soil mass candor 

1, up roaiotan*o to bo h those) forms of (War. 

torsi Confinemont• 

tato 	(horison to%) st azoais atop in a 

loadezd doll t ea to roolat lad oral dicplac on* of soil 

The tom Later i Confinomont" rotors to the soil conditions 

=hints Op the a ap4Ci't7 of the soil to build up lateral 

sttosso0 in conb3rado to rociot latoral displacement of tho 
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=nun 

'< 	COTICSrf 	rum COI? i summon. 

2•1 	eta stroneth maaau o of sabIrad* notarial la 

to asura of its roalsteneo to deformation under wool

loads, The pattorn of deformation in the subcrado nooda 

to be defined for a ***plot° doctoriptAon or the stron3th 

oheraotoriptios of rho matorials 

8,62 Deformation Pattorn In Sublrada* 

The auberado in a vile° has only normal distri. 

butt load to support. Under a oireutar loaded area*  the 

moss of soil Mat is stroasod moy undorlo two toren of 

doformation • namoly : 

1) Dommard displacement (Sottlement) in r r tool 

dtraction. 

U.) Latoral displacemont in radial 

Vicars I t1Iuotroto t1tn dotormation pattorn 

in aoh3rado undor vertical loads, The poll ,aso under 

stross builds up resistanco to both thaw:: Corms of dor* . 

nation, 

a*1 Latoral Co 

'■//' 2*34 	Latoral (horisontal) otroa000 410400Inp in * 

loadod 0011 maoo to rooter latorat 410ploconont of 0011* 

Tho tor* "Latoral Confinement' rotors to the soil conditions 

=Ulna up the capacity of the soil to build up lateral. 

stroosoS in sub3rado to roalst latoral dloplaoomont of the 
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04111 unclog,  vortita 	Manoao Stnto Richt:soy Cotoaion 

boo gamon tho follovinc illuotration to dotionotrato tho 

-afoot Or latorat tonftnomont in sub/rado4 

tdor 
	

1 aubgrodo upon tlhioh to b itd 

plato at indhoo in diactotorgi Tr 0 load of 5000 pounds 

io appliodtee thin plat° rostin3 upon tho oubarado*  como 

oottlement la Moly to occur, If tho load to roloaaodp 

tho matortal romoved from tho odco of tho plato out for 

6 it 	and to a depth of at loot l3 Inoheop and tho 

5000 poundo load to roappliod the op .indor wilt a ttlo 

to a moot% croator dolroo. Tho load ha of boon inoroaood 

but tho hor sontal rooiotanoo has boon romovod a touinn tho 

aid o of the poll oyltndor to movo outward on unsupportod. 

Men tho matorial surroundod tho e71indor ouch horizontal 

movomont uma roc atoll, Tho latoral pr000uro appltod to 

spootmon in a trial); 	opo on toot to olmtlar in 

tract to thin horizontal ro otanoo" ()) 

240a °To furthor 	uotrat tho afoot of latoral con. 

ftnomont in tho otraa r °fora pn pattorn in auh3rad 

tho fOltoolng osomplo may b0 Omplor00 

onalty andmatoturo 

oondttiona ao th000 opoait it 	r ftold use M1d tttiod in a 

cylindrical motal tutu or unytoldtn 	lla to tonotdarosi. 

Tho tubo is opon at both ands and to ftept atondinc on ono 

and on a fir* platform, It is boadod (tall Coortioally) 



undar a pluncor arc a equal. to tho cr000.00 t 	0 

dotort t tOA 10 

orde 	torn", 

tuba, Tho coil 'doformo vortloollV 01117 

pouothio in tho latorat direction in otho 

otroomoo 4evolop0d two such that tho latest dotortnattc n 

10 fully roolotod* It tiny bo sold that tho latoral contino. 

moat is 100 porcont sr the moulmum pOoolblo, Tho ulticato 

load Carriod by tho coil may incroaoo indoftWholly ho 

phonomonon to ropro ontod In Fin. a Cd I*  

If tho motet oho in tha ahem° opoo i ore ro 1 cod 

by a thin rubber oloova of noattelblo ctronnth 
	

atorat 

coot no3ont pr000nt to proof lady AO 'o. Thoro to i.ittlo 

rociotanco ttorod to latorat dlop acomoo 
	

Undor ttmiior 

conditiono 
	

loadlnl no in tho provlouc on 
	

tho ultimata 

load cowrie by the coil ullt ho a rotativaty *mall rialto 

value' Tho phonon:mom to ropr000ntod in Via, 2,  Ca 

	

oubtrrado In 	tso a do 

	

latorat ouppo 
	

tuaon ft* too 

o i - 
nc. 2 Ca 

abovo*  Tho phonoxu non to roprononted In 

0,3 
	

aticatio re tad bototn 

tf00 dooinod to 
	

0 tha decree of lateral conflooment 

oalotinc in out do imdor conditione of modified AASUO 

compaction and after four i eye et:oohing Tho degrao of 1 

cOnfinonont is ootttod in reaction to the trio ontreme 
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*mom of 100 porcont on  po t valuoa 	atoral 

oo tinomcnt co 4 °coo 

v2,4 Itportanco 	PO or t Boot an*  

Althou3h tho effect or tato i canfinca.-  t In 

oub3rodo bac boon r000entood thoro 	°tondoardiaod 

mothod for its ovaluation me far* Tho t  ano mot od of 

floolblo palromont Boat ;n ustna *Pinola% toot tattoo into 

account tho offoo* of latorat confinomont The Ransom 

Soto Oldavoy Commit:10ton -betan Invoottaatton on tho uoo 

of trio:dal tootin tor loot m of flosaao pnvomonto in 

(3 6)* After fivo yoars of dovolopmout Monona 

od a pr000duro for trtaztal tootin3 of oubarado sotto 

bt xo 4=700 a:Atom-1010 and bitumlnouo mixturoo* fly tbo 

Manoao mothod 	roautrod thicUnoso of pavomont to based 

On tho otroos-otroln rolationobtp of each componont port 

of tho pacemont ao dotormined by the triasial toot*  Ono 

confintna or iotoro1proaouro of ao pot So uood* It to 

nonoidorod by than Stato ntchray Co=mtoolon that 20 pot 

to compromoblo to tho lotorol oupport or hortoontal 

.tanioo thich to normally providod by tho cd3000nt olmilar 

otoriol undor flold condltiono (4) 

2,4,2 	It bao boon r000mmondod that tho "Quiet Undrai,nod 

Toot" oho*: ld colorn tho 	Aktm of  Povomonto Thono aro 

tooto in thldh tho vortical load to 0203.04 a  th 	4314  ruu 

ar,6 of Tho samplo porerattod durin5 tho toot* It to ou Gootod 

that tho tondo appliod to a pavomont in corrico boing on.* 



al0000 of 100 par zo 	ooro pore= valuoo of 'lo►tora 

eontinomont an disxcoo od. above* 

Pavomont a tan*  

2* 1 	Althooh tho afoot of loco l confin 	t In 

oublrodo ban boon racer..Aimed Clore tw 3 no otandardlood 

rot hod for lto °valuation oar far*  'ho nnnotto mothod of 

flortb10 pavomo t dooirm uolna triaztal toot tattoo into 

eows* tho offoct Of lataral eonftnemont, The innsac 

Kato nighvay Coma= on bon trmotinstion em tho utlo 

of triasial tootina for dootan of flosiao pave to In 

194% (3#6) 	Aftor fivo roars of dovolopmont0  Mattocks 

adaptod a pr000dure for trioltial toottn3 of oubarado noun 

harm CO U700 matorialo and hituminouo mixturoo Oy tha 

Wansao mothod the requirod thichnoso of pavement is brood 

on tho otr000motrain rolationohip of oneh oamponont part 

of tho payomont as dotormincd by the triostal tcaot* Ono 

cenfininc or lator prosouro of ao pot Is wood. It to 

conoldorod by tho Stnto ttldhuay Co torsion that 20 poi 

to comparablo to the latorat oupport or horizontal rosio 

.tanco t/htdh to normally providod by tho adlactont oimilar 

matorial undor fiold conditions 4) 

2*4*2 	t hat3boon rocar=ondod that 	 U rMnod 

Toot" oho td 	 own tha doolan of pay 

toots in which tha Vertical lead to appliod ,th no 4,0 

aao of tho oemplo pormittod during tho toot* It to ouaa 

that tho loado applied to a pavemont in ooridoo botna tram* 
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* onto  it is doubtful Whether eny drainage takes place 

during the loading cycle* The recommended rote of load,' 

Irie is 0,103 inch par minute (7,R) 

It might appear that the use of 20 psi lateral 

pressure for all tYpes of subivsde soil may not represent 

actual field conditions. The realistic value of lateral 

pressure simulative or 1* eral support in field milt 

vary with sell types, This is investigated in the 

present project using throe types of sells* The deist., 

ription of soils and the methods of tests employed are 

presented in the noet ehaptor, 

garteeti. 
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AIM rasnao 

• notorio 

Throo typos,  at coils uoro ao tocod for invooti i. 
cation* The criterion Tor tho thole° of tho throo types 

ocilo vzo that oo could bo 39143cd 11'00  thotr tonura 

and arain Disc toaturoo Choy rev) expootod to exhibit 

otronnth proportioo of considerably voryinc moanitudoo, 

and provtdo o sufficiont vatic() tor comparitivo otudy of 

reoultoa The rolovant features of tho thweo typos of 

00110 420 outlinod bol *w 

Sol 	( 	Soli) 

This °oil cat colioctod fr 

Control Suildin Reao3reh X0Otlt4to r 

Reorhoe, The coil hoo a lidht Obcdo 

distribution act determined by elevo on 

10  Pr000ntod in Plc& 1. Other rolovant 

oil oro prooenrod in T lo 1. 

t tlho 

colony*  

n oleo 

for analyoto 

ortioo at the 

Third 	a elaositio4 sao 	foam ° o por 

U.S., GUreau of t rA1 :coil Claosificat 	Syot004 

According to the 111. Se 70410 flood° Adminiotrativo Syotom 

off` soil citasoifi tioo0  it folio under A4,41,  croup, It hots 

Appondiu I pr000nto tho * lcula. to  

t ono for Oroup India** 

Group In d= of 1.6* 



9(a) 

3.1.2 211.1/424.(1....?1,2111.. 

Thio ootl woo proourod from tho bed of rivor 

Ohanauri*  0 miloo away from Roorhoo* It has o blutob 

abodo. Tho ooil io prodominantly oaity with 17 poroont 

*lay oontont*  Tho (Train oizo diotribution as dotormtnod 

by Stouo rind nydromotor Analyoin to pr000ntod in Via*  3. 
Othor rolovant proportion of tho soil aro pronontod in 

Tablet I 

Thin soil la elan ltlod as Siltg Loam" 

ao pot 13 	Buroou Tozurol Soil Cloosittoation Syotan*  

According to tho U.S, PublIc Roods Administration 

System or soil Clannitioation*  it falls undor Al • 7 
Group*  It ha n a .group indon of li.a. 

Appondiz I pr000nto tho caloulotiono for 

Group In 
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O Soil XZX (Mond Soil) 

This o 11 vas o miuturo of soil, I an4 soil IT*  

Sail troottons pasoinc ASV Stove no*b from tho to sotto 

in 'air dried condition voro thorouchlycluod tocothor in 

tho ratio 1 t 1 by voicht* ''tea train olao distribution 

dotorminod by otovo and hydromotor onalyals to pro. 

sontod in Vie. 3 Othor color ant proportioa of tbo colt 

oro p7000 tod in Tablo 

This moil io cyaantriad 00 4T5A1ty am" 

as por S* EDu t'ot Ton ?al Soil Ctc*cz 1ticcation Syot 

Aoaordina to ths S. Public Roads A ntstrat ion S ofom 

oft soil olssolfloation it falls undor A.6 croup. It 

la croup in don is 304* Appondin I pro onto tho oaloul* 

tic:Poo to croup lndon* 

Thus soil l Soil I/ and moll I11 hcvo Group 

Indon craynos as 1*G, 1110.n and 0,4 roapoottroly*  Thl 

in lentos that thoy ropr000nt a oufftctont ran co of 

otronath vartatiOns to foollitato a oomparltivo study 

of *oat raoulta in tiall invorit13otlon*  

3,2 Tosttna 

"420 Tho folioving to* to,  

olifoonia Soar na Ratio To 

* Ponotra ion OctTvlth 1,5 ins d 

cluIetz 'Undrainod Trlantal Comprosalon Tos 

Tubs Test* 
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plocod instdo ho C 1 0 mould ond tha first of tho fib 

portIono or soils propored as abovai fl pourod 1114  Aft°, 

1ovo11in3 its top aorroao*  o 1 in thieft loosolr fittina 

natal disc is placod (mar it. Static load was appliod on 

to it from a to ton compression toatinl =chino at a 

`oonotont rata of i toot por minute,. This.rate woo can.. 

aidored to ha noithor too rapid os to impair uniformity 

or compootion nor too slow to to coos° undosirablo do/ay.  

Tho soil layor woo compacted to o thichnoss of I inch. 

Aftor rolceminc tho load and removing the motol 4Aset  tie 

aortae° of tho compootod coil woo scratch with a half° 

to occur° firm bondin. with tics ouccoodina layer, Tho 

s4cond portion or Cho son woo noupaurod into the could 

ond comnootton zos porfow as bettor° to obtain la total 

thichnoso of 2 to 	Toeminina portion° of tho soil 

wares also oimllarly ,ao  acted and A ins thick finishod 

aam!)1° was pro o o4 	hoto I ohowa Cho ootIpact 

procossa 

t711110 	ut tho t•otai wollbt of dry soil 

roq i 	to proper° ono samolo 15 Oramn Or 0=0000 coil 

This is intd to allow for tho °sift° 

1* 
	

1 durinc th0 preparation of sampla. Or this 

pro so*  it vas posoiblo to obtain uniform donoity for 

• samplos of a soil with a pooaiblo monimum orror of 

• 10  am* in the total hullt woiGht or so to in tho 

molad which not oubotontiol 
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The sampl with the mould is then kept immereed 

in water under a eurcharge toad of 10 lb* After four days 

of seeking the *ample wee token out and after allowing 13 

minutes drainage, it was used for the various toets se 

described below* It vas Assumed that the oemple atter 

days soaking represents the worst condition in the field* 

3.20202 Pe tiller t ach Test t 

144424 1) Californie Deering Ratio Test 

2) enetration Test with 105 inch ma ter 

plunger* 

ample proper 	oribed before was tooted 

direct 	these two tests. 

3 2*20202 	Triaxial Compression Test. 

A 	el core cutter of 105 inch inno  

was used to a tract a 00 mon of 3 in, length 

diameter from the *amp prepared as described before& The 

inside Hof the core cutting was lightly oiled* Its cutting 

edge vas driven dot= into the sample in the C*64,111*  mould 

under tight hammering. taking care to hold the eore.cutter 

vertical alvays0 After the core cutter was driven to a 

suffielent depth so as to get a sample longer than 3 inches., 

it was carefully rotated and slowly pulled out* The sample 

was extracted from the core cutter using the s 	arid 

sample extractor device and vows trimmed to ,wxaet 3 

length for this triaxial compression teat* 



3.4a442. 	Tubo TOot 

equipment for to toot T.. a op ally dootenod 

or to purp000 of this Inv otlaotton, It conoloto of 

o motot tubo ooze of both old° andhovIn3 unyloldln3 volt° 

It to provided with o clot around It on it° ontorior old° 

end near ono and, Thto plot to 000d to firmly cannoct 

tho tobo to than otandord oaOPto ontroetor devico, Tho 

tub:, how on tnnor 41org,tor of onoottp i. -tneh 

	

Tho t to fro 	o-outtor obtain 	on 

ptoin d boforo ode otouty ostrootod tnto,tho a 	atol  

tube 	or firmly connoctina tto olottod end to tho sampto 

°nitro r doviae* Jihon tho oaopto omercod out at-tho 

othor ood of *o tubot  tho so I contained to tho tubo 

von fininhod flooh oith ito ondo and to uao : for too in3 

ao oserlbod lator 

Toot 	 tt3duPot  

	

Tho pw000duroo adopted for the vo tono 	to oro 

outlinod helot? t 

	

1) Calitornnto 	In 	To 

C 
	

in Rotto Toot two 	In tho 

tondord 	:at ca of 10 lbs and at a rato.of` 

otrain of 	indhos for minute:, A 3ton compr000lon toot 

tnc mochino voo uoed, i ad rOadt s were toeordod at *very 

0,025 inch dofteetion upto a total deflootion of 4.40 inch.  



Tho toote 'Ivor run for oach soil typ(, 

the ohcemetic diagram of too* procoduro*  

ronotptttanTQot U mina 1*5 Toot: Oietsotor Plum qor. 

Thin teat van mloo ran in the ammo mannor ma tho 

California gearing Vett* Toot*  oast 	that initial tO the 

10od tom peatina the plummy vas not applied. tihort‘tho 

ptunaor touched tho soil aortae°, tho corroepondina load is 

aeon 	au zoo,. Thia procoduro waa adopted to aimAlate 

the pm:moats:re in trianial toot es it wee intendod to 00=pare 

the ponetration toot /molten mith triamiol teat Imamate. 

Load remdineo voro rotorded at every' 0.025 indh 

deflection upto a total dotlection of 0.4 inch. Throo 

teats nor° run for øa1' noll typo*  Photoeraph Re. 2 

°hove the to sot up. 

1.200 1) Itiecial Comp 	ion Teat 	ndralned) 

The oomPlo 3 Ineh lone and 1*5 inch dimmetor te 

placed on one of ita taco ow perepo4Ldlao about 3/4 In. 

thioh• on the control p0400ta1 Or the trloxial coil A 

perapoe cap roc• pIacod on top, A robber membrano voct 

placod inside a 3.3 inch. 1mth of thinommllod bream 

trihina of about 1.75 inch intornol diameter. and  V00 

iturncd haott over the ondo. Suction non app1 o4 to the 

lma° bottroon the mmbrano and the braoa tam (with It ) 

tØPIIZ onpoud00 elko membrane *0 a canyon/one 040e to slip 



mom tho 

Ito troad 

note volt* 

coca 

Malt 

Whoa 

off`tocollr 0000 

botort tilled 00 

boilna don°, 

ovvr tho as to io/thout # 1nI It* 

To/cooed co ttlwt tho no* 	controct 

o cnao oar" t4c porno ocolotonca 

otrotchotio  

00 to ottnplo. 

calmed atf' tho 

rutobor" 0 oloca tlosbc 	Ort 
	

the, 

ca tub* whION' tmo hol4 -war o polo o ofiti 

na tloo.rollod Orr WittN tho flocatto to arip 

.o of tho lowor. pOrOpOU atm) on4 tho 

coot:tat:tot? 	atolnloca °tool trail vac 

t la3  on the cap and tho =la allnicmon 

At thla painto alto oO cloaca *soap 

orno concocted tO th0 pIreta 	tot In =tor Into 

two col/ on0 %No to VO/tro rovo sr oo 0. 	tor =no 

ttioa to tho Cher to lortne 	zatc7 local up 

ao V30 4cat of vorod oat! thcenthe top volvo woo cloaca 

U1 t* 	prooacro 10 Oho chtmbor =aa ratacd to 

tic 

 

doe lred value ma no of c foot pt=p 

loodUs3 platy* or ttlo toatItk, machtno woo 

to bvtno tho 	clone to tho loodin3 cops 

vath Oho v obcutt 1/4 inch obovotho mr4.010' tho =dor 



0 woo o r od 

ublch So 

tor tioniblo 

on tboproviner 

ho rote or 0.0 I. 	 nu to 

ed tatofat qnlekx ndtnod toato 

dortige purposoo* The dial gang* 

a aot *0 =moo  This automatically.  

eompensato4 for too upuerd throat on bo Irmo duo to the 

fluid preasuro in tho 	and for any frictional dry*.  

Tho Inotor drive Imo than otoppod and tho band adjustmont 

uao uood to brine the Van In contact ulth tho top of they 

amplo#  Contact moo ndicatod by tho 4241 gougo on ho 
pro of **Inc (9)•  

Tho strain 	n uso 1T:to Qoi to 	e by adjuot. 

tho mevobla is on 	and the toot um, 

need uoina tho to rive* Load readings unto 

re orded at emery 0*020 inch do option 	Tho toot to 

continued too total dot option of O*4 ine h 

toots pro n for each 0011 typo. Or ono 

( value° or i total prom:tura In poi* 00, 5* 

and 60 rfto toot not up to ropro 

et 	n Vic* 	and photonroph 3 

) Tu To *# 

The totat, tube filled t 	soil as io ao dos*. 

ro woo placed or.is aao on 

In Vim*  60 A root 	loe 

tots 

eh woo 

*op juat covering the soil cxore,. The 
°eafing mitt oorofull chocho4 t aneer* that tho motal 



la 
d$se did t overlap the int' 	et '• the ttl 

milai load Crew A 5 ton compression 	tine machine 

woe opplied on the metal diet' at the rate or 05 inch 

per gaunt*, Load 'loadings wore noted et every 0,025 inch 

deflection till a total dotiectien of 0,3 inch was reaehod 

Throe ouch toots were run for each toll typo. Ph.* sVaph 

4 thaws 

 

the test sot up, 



n 
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=UMW. .0 IV 

?BST MVOS AND AMA IS 

4*1 To sotto 

The roa1to or the California Soaring Rate 

Toot*  Ponotration Toot otth 16.5 Inch 41amotor plunger*  

Trio:slat Toots*  and Tube Tootducted on tho the 

eetla• aro pr000nted below, 

4,244 	1) Onliternia Soaring flMie Test, 

Throo tonto aro run tor ooOh ooll and the load 

doformatton ploto are drown for each tot neilosoari 

Correction to applied in cocoa whore the Initial portion 

or the cur iio owed dounovard concavity* The avers:silo of 

the corroctod load values e, the throe toot e Are no to 

develop the final plot for the determination at the 

Con/10mi* flooring Ratio of ec.Oh. coil* 14bmo data are 
proPentod in Tab iea a,  and 4 and corrompondlng plot° 

1ln Vicereo 7. Bond 9. 

Tho 	values of the throe 00 	o to. 

000,116 of soil i 	(cnni soft%) 	3,64 percent 

0404ft, of Sell Ti (Dane Soil) 	1.103 poroont 

conono  or soli lir (nloadod 	es l*A2 porcent„ 
Soil) 

4,1,2 2) Ponetration Toot Oiling a 1, inch 	rnotar 
Plangoro 

Ao in the 0030 Of C00,fl, too * lood.4efor10tion 
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values for ea th Of the three tests on aver' soil aro 

plotted end,torrection applted wherever required, Tho 

average of the corrected lead values of the three test* 

are used to develop the tins% lead.dotormation plot for 

each soil. The results are presented in Tables 5,6 and 7 

and corresponding plots in Tigure's 10, 11 end lido 

4.10 	3) Triazial Test 

Average or lead values from threw tests for 

each lateral pressure are taken for drawing the lend. 
deformetten plot* Tables 0,9 and 10 and corresponding 

plots in flguree 11*  14 and 15 show the results of trt 

axial tests on the three soils inVosttgatedit 

4.1.4 	4) Tube Test . 

Average of the load values from three tests 

for oath soil are used for drawing thoload.dercrmation 
plot*  Tables 11*  12 and 13 and corresponding plots in 

Figures 16, 170  10 show the result* of tube tests on 

the throe soils investigated. 

4nelysisot Results s 

4. 	'tor the purpose of the analysts, re 

baste asSomptions are made,. Those are I 

it) As tar as the effect of lateral confinement 

Is concerned*  the penetration test in a 004R. 

mould of Inner diameter 4 inches with a plunger 
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1 5 Inaboo In dim or 007' bo foonOldOrod to bo 

Adontloal to tho Immo ponotratton toot on oub.*,  

crado in field* 
it) Moro may bo a triantal toot tolth a oortain valuo 

of latoral otr000 vhona lood.dofornation ouroo 

bo oomnparablo to tho load.wilorawmatlon mumo 

tho ponotrotton tett'? tiov a 5 aiefry dalle oleos, laved • 

Tho fiat eloclumption to b000d on tho fact that 

tho'pr000nro bulb dovoloptna undor tho 1,5 *nett loaded area 
at trio contra of tho csBon# mould dean not ontond radially 

0070 than about 	n 4*5 = 107 Inoboo troa tho 
oontro (11)* %la moons that tho voila of tho could, hoi c 

3" away from tho contra, can holm littlo or no InfloonO0 
on tho latoral oontindmont for tho toot nonditiono* in 

*Thor vordos thee toot I* ao /load loo ono on Oiold. 

It hao boon notod boforo that tho triantal 

toot with an around fluid prooatiro to 13/mutative of tho 

loadod oo2 moo° An tho flold, /to  thoroforo, follow, that 

tho load.daformatton ourvoo for tho ponotration toot and 

tho tVtontal toots has a boot° for oompartoom, 

• 2, a „ *Strilmatont Latit3701 S troop * 

Ao moono of doftntn, tho *fro** or Iotoral 

confinomortt, tho tot* "arquivalont Latoral Strome to 
introduttod* Ao aommod &Swots, If it to p000lblo to Ldonttfy 

a tritontaI toot totth a aorta/el doftnito value of latorol 
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fluid proosuro uh000 load.doformation ourvo is comparablo , 
40y a 51yew doppai08- ioye. 

to tho load dofOrmatton ourvo of tho pcnotratIon toot, that 

Portioular voluo of fluid pr000uro in trlantal toot may bo 

dooIcnatod ao "CquAvalont Latoral Soo. In **hos' uordos  

uhatovor bo tho prooloo moasaro and dlotrIbutIon of tho 

latoral otr00000 that dovolop ulthIn '00 load poll natio* 

tho c*bovo valuo of latorol rluld proocuro in tho tilt 

to board an oquAvalondo• to its .  

or tho pupoøO of tho analyolo by o&iotoon 

and intorpoletion of lood.dofOrmatIon ourvoo1, the ronao or 

doflootton upto 0.2 tic h only,  Io oonoidoro40 Xt mar be 

notod that In fionlblo pavoncnt doctors poractteo tho usual 

dorlootlon orltorta •on4 0,1 Inoh and 0.2 *net* 

4.20 flotormlnatlon of tho "Equivalont Latoral Str000" 
or Oho Throo Solis fProzn PonotratIon Moto and 

TrIaslat Toots)* 

Cy comparison and IntorpolatIOn botuoon the 

load.adotormotion oorvoo of the ponotratIon tooto and trlo 

Antal tooto utth vartouo valuoo of latoral proosuroo*  tho 

"SonIvaloat Latoral Stroso" for oadh soil 10 dorlvod on 

tollousto 

b•203#1. 	 StrOO 
	

(c. 	3)4 

The load.doformatIon et * 
	

tratIon 

oot ehotm in Piro 10 la intorpoeod among tho oot of 

oorvos for the trio:anima tooto for varlouo valmoo of lato 1 



otermination of tho 

Strews for tho 

proctico amoly 0*1 
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fluid pros Biro 	in Vicar* 	pr000ntod in 

Viettro 19. 

et at 

protgl rot Vh 

#rte Virg 	thou is no 

th a dorinito valuo 6 1atot01 fluid 

ion curvo is idontical *4 that 

f tho ponottation hoot* 	to to 4ór tho obtiona roaeon 

that an An •any of h0 *Unita toot tho c foral fluid 

prOatgutet to hold eons 
	

*ho lator ntrossos in tho 

Ioodod soil marls in a 
	

ration toot won on inoroasima 

so th* vortical load too woos* 	n oh3ootivo of Ow 

study*  

sppra c.  

ran aa  

o o4a 

aroterso  is 	od to 

to vain* at n( *oat 

dOtlootions uOod 	dos 

inch*  or thin rangy,*  tho locd.dotormation ourvo 

ails oloarly botwoon tho load.dotoraotion ourvos for 

lototal fluid prassuros 20 poi and )0 pat in trianial 

toot* 2t in no on to 20 poi at 0,41 Inch doflootion rang* 

ono to 3D Pot at 042 inch dotlootion mono* 

Tho valuo f 30 poi to 	o ttod no tho 

I 	LatOral Stroso for Soil I (CM Soil) 

4.2 ivalont Latoral Straw; for Soil IX # n* Soil) 

rho load• doto aton 	POn04,0 

toot 
	

in Picuro 11 tn t to 	na 0 00t of 

curios 
	

*ho triasial too fer 1107- 	Iwo or lotoral 

d 	auros ahovn in Plauro 2 
	

prosontod in 

it* 



fuldproo ro 

ric*too 19. 

V 	its found fay Vicar() 19 Vhat there t o no 

olnelq laa in toot tvith o doftnt e value of to torol fluid 

pr000uro tho o lood.doformotion curvo to tdon tool to that 

of the ponotratten toot*  Thlo to or tho obv,  ono 'orison 

that on in any of the trloolol toot tho lotoral fluid 

prooauto to hold conotant*  the lotorol 04:brow:sea• In tho 

loaded Gott mono In a ponotratton toot (moo an tocroaatna 

oo the vortiool load inorodoo00 The oNootivo of tho 

otudy* thorotoro*  to Itmitod to tho determination of the 

opprofttmato vela* Of Unutvallent 1,010rol Shoo for the 

renao of dofloctiono uood in doaittn practice na  olY 

o 002 Inch* for thto ronno*  the oad.doformatton curve 

10 0 oaait  between tho lood.odoformotion curoo for 

era f/u d proosuroo 0 pot and 	pat in trioutal 

t 	t to noorer to 20 pot at 001 inch doflootton rang* 

to 	poi of O*2 inch dollootton roma° 

The Value Of 30 poi 18 Ou aatod trio the 

radiantLoto rta Strom) for Soil 2 RX soil)* 

4414 lo 2 	tvol for Si II (II 

The 1 	deft ton ourvo for the ponotrotton 

in Mauro 11 to intorp000d =once the not of 

ourvoo to the trlantot toots for vorrlouo voluoo of lotorol 

uld pronouroo dhovn in Figure 14*  The to Pr000ntod in 

curio 20* 



Per the deflection Vanssa' 0‘1 in end 

0.2 inch the leadd.dstermatien ourVe or the penetration test 

lies between the looti.deformetion turves for lateral fluid 

pressures of 0 psi and $ psi in the triasiol test. It lies 

very close to the $ psi curve in the 0,2 inch deflection 

range. 

The aloe of 5 pet is suggest 
	

Equivalent 

Lateral Stress for Soil It (Blue Soil). 

203.3 Equivalent Lateral Stress for Soil Int le 

The load.deformetion curve for the penetration 

test shown in Ileums,  12 is intorposed among the set of 

curves for the trieziai tests for the various values of 

lateral fluid pressures Mown in Vleure 1, 	This is 

Presented iI itire 210 

ler the deflection ranges of 0.1 inch and 0.2 

Ines the load deformation curve of the penetration teat 

lies between the load.deformation curette for the lateral 

fluid pressure of 0 psi and 5 psi in triaslal test. It is 

vary °lose to the $ pal curve in the 0,2 inch deflection 

range. 

The vs .loof 5 psi is suggested 

Lateral Stress for Soil III (Mended Soil). 
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4020# 	Aocording to tho anal:via developed in tho 

pr000din3 par= it to alear kite0fl oo  192 20  and al 
that tho Oquivatent Lateral Str000 dovolopod in amkTrado 

undo votKical Joao lo a function of tho donee-tic:11 lovala 

Tho *rand of this ahoy* plot° poomo to Indict to that tho 

quivo oat toral Sts oos iiino on incraasina ulth 

donoction until itap000lblo manic= voluo may bo atto,inod 

ton failure occurs undor tho "00ot:ration toot. Ao mentions" 

for**  *t most ho oboorvod that tho pr000nt otudy la 

ad to an analyst° of tho °Moot of lett:rot oonttnonont 

tho donoction tovol mood in floulblo pay 	' 

dool n namoty 0.1 inch and C. inch* 

402.4 Tub* Toot 

of dotloctions  

this factOra that 

tui.v lant 
to  

1 	nt in  oub3r0doki  Ao has boon osplainod 

Ct 
	

st for cl,von °oil condltionoo  

t t 
	

siblo docroo of /atoral continoo 

unottain o in 	Load.pdoformation 

ubo too 
	

tho throo ooila illuotrato 

caotmOnattis nTh7(rtooriotor atoop rim, of load till 

a dont:attain love' of about OOH! inch Thou tho rato of 

ad Incrosoo *lows *Mtn for a small rants upto a dorto04. 

ranee of about Gqi inch boyond ehioh tho load ft4 rico 

tot* and °toady. 	a 	►0 pa torn of lOad.doformation 

oar of the throe ao -isay 	onplained ata follooa 
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4.20404 	4c 	En to tha 	oto deve/epod in t 

prat:Wain pan.** • 1 
	

Victim) 190 20 014 21  

that tho Oquivalent toral Strom; dovelopod in sob ,do 

undor vortical loads to a tUnetion of tho dotlaction %ovule 

/ha trond of tho above ploto scams to indicate that the 

tquivalent Latoral Streos tilt ao on incrassin5 nth 

dofloetten until Ito poosiblo manic= valuo moy be c 

on failuro occur* under the penotration toot. As mention., 

bofowo it may be °btu:ivied that the proscht shy to 

toad to an analyst° of the o"foot of latoral confinement 

in the doftoction moot usod In flonible pavoment 

dwelt n*  nossoly * 0.1 inch and 0.2 inch. 

- 4.2.4 *Who Toot 

/tor o 	von vole;ter of dont:fatten*  the Squivalont 

Stroso vili dopond upon the factor* that eontributo 

al continamont in tub ado. 4o hoc boon oxplatno4 

raptor /14 th* tub* toot*  for clven soil conditions*  

tient tho mania= possible dorms° of latoral continue 
L.-- 

although unattainable In fluid*   d*  Load.dotormatton 

o tv wa of tho tub tests Of all the throo son° illuotrato 

a common pa torn. Th 	ter a stoop Piste of load till 

a deflection lova of 	V23 inch. 	can the rate of 

load ineroaso sloe,o do m fo a small rat 41*   upto 0 00floc» 

	

ion ranee of but 041 inch beyond which the load 	ring 

steep and °lady. This common pattorn or load .dc 

rtros of tho throe soticCmay be onplainod as foltetro 
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At the start of the loading pro** 440  the load is 

restated both by inter.grannular pressure as well as the pore 

water pressure, the drainage being little at this stage, 

This stage is represented by the initial steep rise of the 

curve, But soon the process of drainage sets in, end is 

accelereted as the soil- grains get cos pressed's This *coo.. 

orated reifies* or pore-water effects a reduction in rate 

lead Increase. This process quickly cosies to have dart 

nattng effect an soon as the inter grannular contacts of 

soil groins be men greater. The continued load increase 

depends for the most part on the resistance offered by the 

inteesgrennular pressure and very little on pore.mater 

pressure, which continues to drain out all the time. This 

interftgrannular prossuro is contributed hy the resistance 

vertical settlement and also the lateral confinement of the 

soil. 

4 2 3 ecPercent Lateral C n Ines 

ter any given defl °tieing, may 0•2 inch, the cerros. 

pending lead value ofthe tube test le enamour. of the 

masimum possible mobilisation of the effect of lateral cons, 

finement, under given soil conditions*  This load value may 

be said to correspond to 100 porcentwLateral confinement which 

can be expressed in terms of en Squivalent Lateral Strome. 

Similarly the load value correwponding to 0.2 inch 

deflection in a triode/ test with zero lateral pressure 
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to core spend to sore percent lateral °anaemia 

Equivalent Lateral Stress" value to *ere, • 

-/ In actue1 told. th ettbarado will have an 

Equi e t Lateral Strea.s in between sere and that 

carrespondlna to the V00 percent lateral confinement, 

t* possible to determine they above three value* of 140, 

vales Lateral Stress* Raving defined tho scale of sere 

0 100 percent of latcrzat centineaent in terms of Equiva 

lent Lateral Stresses and knowing the value of the 

Equivalent Lateral Stress tor the sabgrade. It is possible 

to empress the Equivalent Lateral Stress of the *charade 

as a Percent Lateral Confinement; 

4 2 5 	We ermine ion of Poe eat Lat el. Co 
et a Soil for atven DorisettOna 

A plot to developed  

ateralprassurea tor the  
Ator soil 1 (M AI Soil the al oe 

*Rd the plot IS presented in rig 
alas plat lateral pressures wh o 

de 

values of 8" 

poodles *ad* higher thin the load at 0.2 Inch dibrt tton  

in tube test are neglected since tbar are not te he con.. 

sidered in the scale of sore to 100 percent lateral cone* 

tinement a skirled above* A n* rly straight lino plot to 

obtained 

The load value 00 
	

tog to 
	

to def. 

t oread tram Table Win 
	

test Is 
	

'gad on the 



1534,6 lbo 

4245 psi 

30 poi 

:100 

70.60 nor agent 

213 

rig:oleo* It in projected on the oatended otraight line 

pIbt* This mootine, point in projected down on The X-0mate0 

Thi* potit, .e rend on the Xdgexis (*trees ocalo) Give* the 

value of Equivaient Lateral Stroll* in poi corresponding to 

100 percent lateral eentinomont4 The Pert Lateral 

Confinement Seale ID net marked for 0 to 100 peroamt, 

Ravine detomined the Equivalent Lateral Str000 of the 

*abcendo4 i* in entered on the etre** ogle and projected 

on the PereonS Lateral Confinement aunt** Thin value 

eaves the Percent Lateral Confinement of the oubcredo• 

tor the elven deflection, 

The bele 	mar be Illustrated a* 

Vivre 22 reprooente the te 	o lateral 

styes* 

 

for deflection 04,2 inch for Sell I (enni Soil). 

The Load eorreependice to 06,2 ',Ad% 

defleetion in the tube toot 

Equivalent lateral strew, eorreepond 

to 100 percent lateral eontinement4 

nnutvalent LateralStreas of Sell I 

(02RX Soli) 

Percent Lateral Confinement of Soil I 

1410111 	for Osa ineh•deflection levol 
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rioanto* It to prolected on tho o*tondd otraitht lino 

pibt*  Thio meotinc point to prolootod flown on the Xioantoi. 

Thio paint*  oo row on tho X.oalo (otrooa oeolo)0  alvoo tho 

vela° otequivalont Latorot Stroao in pot oorreeponding to 

100 pereont latoral continomant4 Tho Portent Latoral 

Confinement Scutt) to not/ marked for 0 to 100 porecnt* 

flovAna dotormined the Ultletvulont Latotel Str000 of tho 

ub'c4o Lt to orator on tho otr000 wrio on4 pro4ecto4 

an tho flatboat totora Continomont °oat*. Thl 0 loraIuo 

atvoa the Percent Lateral Contincmont of tho oubogro40 

for the etvon doftootton. 

4 	ttbOV4 ProcOdure r7 I) 	U 

t014° 

Pinot* 22 roprocento tho 1o4 ro lateral 

otteoe rot deflection O*2 inch for Soil, I (CSRI Soil 

Tho Lead corroopending to 0,2 inch 

detlootion in the tuba toot 
	

1530.6 It,* 

nilluttrolont lato*al ott000 cotimopen4ing 

to WO petreOrkt lateral Oftfinomont, 	ft 	42.1 pal 

equivalent Latoral Stress of Soil Z 

Nam sou) 

Percent Latorol Confinomont of Soil I 

(Ma Soil) t 0,2 inch deflection lova/ ez 210O 

?cent 
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Stailalrly from Tables 15 and 1$ and oorreepw 

Pciadine plots in Vigor** 23 and 2 for Soil 1 and Soil rt 

respsotivelp0  

Percent Lateral Centinement 

of Soil IT (Blue ses.1) for 0,2 

ink dofleotien loyel 
	

6.1.3 percent 

poronot tottered Con tinement of 

$oil u.x(Blended Soil) for 002 

inch denotation .t.vela 	 6,35 	nt 



CRAPTIIII 44 

Aprticoonott Or 114,911 =SULTS 
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CHAPTER - V 

APPLICATION OF TEST RESULTS 

5,1 	' The results of the present study have certain 

dir et applicationsbn flexiblepavement design. These 

are explained below t. 

501,1 	) Determination of the Modulus of Elasticity 
(E) of Subgrade Soil I 

The value E is made use of in the Kansas 

design method for flexible pavements to acdount for the 

strength of the subgrade, To determine E, an undrained 

trtaxial test with a lateral fluid pressure of 20 psi and 

rate of loading 0.05 is run, The value of E is.  obtained 

from the stress.strain plot, 

V The value of lateral pressure used in the 

triaxial test is 20 psi for all types of soils. In 

other words, the Equivalent Lateral StOess due to the 

effect of lateral confinement under vertical leads is 

assumed to be the same (20 psi) for all soil types (8). 

The results of the present study, however, 

show that the value of Equivalent Lateral. Stress is signi 

ficantly affected by the type of soil, It has a value of 

as high as 30 psi for Soil I (CBRI Soil) 	whereas it is 

as low as 5 psi for Soil II (Blue Soil) and Soil III 

(Blended Soil*. It may, therefore, be suggested that in 

a trtaxial test for determination of E of soil I, Soil II, 



and soi III the latorel fluid preae ret/ tie be aced 

should be respectively 30 psi. ps1 and 5 psis 

")) The method of calculation of 2 I* Indi tad is 

part * *t'hee values of 2 corraspondLn 

laterelt pressure 20 poi) and the suggested 

us farr each soli are calculated In Appendix III, part 0 

preee ted 1n Table t7. Tor each pressure, 2 values 

are calculated at deflection loirels 041 inch and 0.2 Lob 

lng the soil to be *lest** ever this range The 

see are calculated for the offecttve cress- so ton 

air 0 or the sample *t the respective deflection level. 

Thum there are tour # value* for each sell 

v' As y be eel from ?able 17 far 

lotion*  the values of 2 ter the standard eta 

	

oral pressure (20 pat) and the suggested 	'e of 

at prooenre she* a marked range of vart 

ne once. for sell 
	

ne Soil) at dense ten 041, 

Inch, the 'at m. of It eerrese pending to the steuldard lateral 

pressure 20 psi) is 1I.35 psi v'AS re-as that corresponding 

to the actual Bquivalent Lateral Stores (.5 psi) to onlyisi 

pst. 

varlet**a In value'het e 
	

is 

tie Beet en thickness 	oxlip/. pav 	ae 

Thi eee of Ibte Pavement 
ng 	see estan Meted. 

The K' tae dos frot mot *4 mane trimxist to** 



c Otis 

ou t  

tho afro* 

onarttle A 14 

01 CSI nflnomoat la 

told pressura of 20 

pt 	tho trio:WA tootina of sabgrado soil Thoraforo, 

a 4 sign mothod la usod in tho present plokloat to dot o. 

mini) tho pavomont thtchoassoa for tho standard voila° of 

lotoral prossuro for tho thras soils* ft* rosulta oro 

nsod for comporl 	at 's* 

Tho motho4 	dot Laing t do ica thioftnoss 

od in Appondls Iv Port 4.0  

coleu t o tor 
Appendin IV#  part 3 p son* 	nos of 

dopier, thicknosses for ooch ac 	Opondina to 

ho 	vialuos at Sy Tho roan% to pro p c gout:od An Tablo 

174  it is soon *int 	doftootion lovol tto vori 

ation in thiohnossOo bo 	th000 oorrompon4Ing to tho 

standord voluo of lotor 	sour*.and succostod voluo 

t latoral prossuro to romarttobloi Thlo to particularly 

in tho moo of Soil. r. (c13na soil) and Soil 

UAI(•i Soil) A diocremmtto roprosontstion of tho 

lotion in tit 	sods irk prOSOntOd 	bor bit 

in Viaoros 2$ 	27 

*3 13.4R, 
Detaian TUC 00aw 

ith0: p-  *vont go vor: o 	tht Chnoss .corras, 

peaditaa 
	

liqu 'salon* lootorol Stros0 °vow 
	thistinorso 

GGroapoadirnn to tho aiandard vole° of lots 	oarsur* 

(20 poi) is colcula 04 o sham in Appoudtn 'V on4 
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and preacintod in Tablo 17 

Tho poroontogo variation In thiatn000 as 

piottod ogainot 0,B,R* volt** of ooll ao Ohotn in Vigor° 

3* Tho plata for both dotlootiono of 0.1 inohl and O. Utah 

Aro noarly oimilar and follow' ol000 rangoo* Thor *root* 

tho soro lino (It...ou10) at a C*04114,  rang° of about 2. 

Tho naturo of 'Mono plato tndioato that 

t) Tor collo having cmion 	l000 ,ghan about 

2 poroont tho roquirod thioftn000 of tho pavomont 

to groator than that obtalnod by using tho otandard 

valuo of lateral pr000uro (20 pot) in triavio1 

toot* In othor uordo, tho Uquivalont tatoral 

Strop for collo having C*8101*  value lotto than 

about a poroont, to loop than 20 pat. 
U) I?or taotba having 0,43,R* va1uoo creator than 

about 2 -porcont, tho roqutrod thiehn000 of tho 
pavomont to boo than that obtainod by uoint tho 

otandard valuo of latoral proosuro (20 poi) 

in triaalat toot. In othor vordoi, tho AquivaIont 

Latoral Stroao for oollo having c.D.n. vialuo 
groator than about 2 porcont to (roator than 20 pot* 

iii) or *olio having C*13,41*  vain° around 2 poroonto  

roquirod thlottnoao of pavomont to tho oamo ars 

that obtainod by uoin3 tho otandard valuo of 

Latoral Pronouro (20 poi) in tho triantal toot. 

In othor zordo, tho 2quivalont Latoral Str000 for 



and pw000ntod In Tobto 17. 

Tho poroontaco variation In Miami:too 

plot od ocalnot 	valuo of coil ac oho= in 'Incur° 

3. Tho ploto for both doflootiono of 0.1 lnoh and 0.2 inch 

Aro noway olrollar and follow ol000 tranvia. Thoy crow) 

tho mot* 1100  (aiwialalo) At a cis4n• vonco of about 2. 

Tho looter° of th000 	tndtcato that ; 

I) !tor °olio having C.n.A. aloa boa than about 

2 go roont tho rogulrod thloten000 of tho pavomont 

to rotator than that obtalnod by nolo tho otandard 

valco, of latoral pr000uro (20 poi) in trio:clot 
toot. In othor wordo. tho ligulvalont Latoral 

Stroco for collo havina 044.R. valuo low, than 

about 2 por000t. lo loop than 20 poi 

11 	 or collo havina 0.B.R, valuoo aroator than 

about 2 pomoont o  tho rogulrod thloUn000 of tiro 

pattOmOn 10 1000 than that obtain. by intim tho 

otandaid 'vain° of latoral pr000uro (20 poi) 

in trlasial toot. In othor vordo. tho Vgalvolont 

Moral Str000 for oollo havtna cx.n. voluo 

ogroator than about 2 poroont to croator than 2 ols 

For aotlo having 04.13441. ',roam!) around 2 porcont,  

required thlohn000 or pavOnont to tho °moo ao 

that obtainod by uoln3 two otandard valuo of 

Lotoral Pr000uro (20 pat) in tho trionlal toot, 

/n othor worao. tho Oquivalant Latotal St 000 for 



le having C. values around 2 poroenl  

is 20 psi. 

301.4 Group Tatum .or subs:1'th' Related to 
Variation of Design Thteknee 

The percentage verietion in th ckness Is plotteed 

agaainet 0414 value of soils as sheen in fl 29. 

The plots for both defleettone of 04.1 inch and 0,2 inch 

are nearly similar and follow close reeves. They cross 

the sera line (1 oils) at a 0,I. value of about 700, The 

nature of these pilots indicate that I 

soils having 
	

for than about 30 

required thio rreese or the pavement is 

greater than that obtained by using the 

standard value' at lateral stress (20 psi) iii  

tries/al test• In other words*  the tquivalent 

Lateral Str4Thsc for soils having 0.1, greeter 

than about 7.30 IS less than 20 pat. 

For soils having 0.T. less than about 700 

e required thickness of the pavement is 

es than that obtained by using the standard 

value of le/torsi pressure (20 psi) in tri 

astel testa In other words, Equival.ret 

Lateral Stress for soils bovine 0*I•  less then 

700ire greeter than 20 psi*  

YOr sails having 0 Ioaround 740 	the required 

thickness of pavement is the seas as that 

obtained by using the standard Value of 

Lateral presSure (20 pat) in the till/Altai, 
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toot 	or vorda. the Dqutvalont Latoral 

Stroao 	()olio havina 0,2. aroand7,70 lo 20 pot,' 

5.1.5 	) Claoolficatton of Sotto Snood on C41,,R„ 
and Out, 'alum, 

000dinc analyota von' 

havIna C. R, valuoo of tho ardor or 2 poreont 

valuoo of tho 'ardor of ..70 aro of boo to titan.canoe in 

fhto approach, it may ao ottoorvod that the plot 0,00* vo 

pr000ntod in VtGuro 30 shoes 0.6.14 a poroant as 

ton to a 0,I, etth,ovor 7.3 namoly 8 

Th1 OW7140 uo et a boats to olnooify 

nto throe baste oatoaor oo or tho perpoao 

ton of Mon000 Cootan method, 'hoax throe eato 

Or* 

GtOup 

to haylna p C.S. of around 2 poroon *7 

and 7.30 porcont, for h000 aoils tho nape 

with to &atom/ fluid prooauro or 20 pot 

toot to opplleablo. 

Group Zit „ 

tint, 
	

hraao holm 2 pe 

0.2, abov 	0.Wor 	polio tha Monaco dapt moth ad 

etth latorat proopero of 20 pet In trtaaial toot ettl 

rooalt la undorrdootan. TO latorat pr000uro to bca 



la loot, than 20 pot. if tho lotoral prr000uwo wood to 

20 poi,  tho loot an thlohn000 obtatnod noodo to bo corrootod 

as indicotod in articloo 3.I. 6 1 and 3.1.6 2, 

Group III* 

Solia having c.a.n*  valuoo aroator than 2 poroont 
OT 0.2 ow) than 700*  rOT th000 collo tho Itonoaa doolan 

motho4 tolth 1otorn1 proammo of 20 pot in trionial toot 

ut21 raoult in ovor.mdoolan, That latorral prooauro to bo 

uoed to croator than 20 poi. If tho latoral prooauro woof 

to 20 polo  tho doatan thlohn000 obtainod flood° to bo corr.. 

ootod oo indlcotod in articloo 3.1.6.1 and 3,1 6,2 

6) Corroot 	to Doolan Thichn000 

Tho onpc rioontal pr000aooc it volvo4 In t o 

dotormir atton or 3quivalont L oral Strom; of * °oil aro too 

dolionto an timo conaumina to bo applied in praotteal dootign 

orh*  Inatoad tho pr000nt praottoo of uo na 20 pot no 

baton a1 pmoroouro Cno doftnod 44 nquilmioftt to rat 

Stroao) may bo 'att nod «  but a corroction to tho thief n000 

no abtainad may bo appliod. Thin to intondod to mho tho 

dog an thichn000 ro *tic to tho actual aqultrolont 

Latowal Str000 of tho coil *oh Oh alight bo diffaront from 

20 pal. 

Tho p 	CivinG 2 ontaao vowtation in tbiohnooa 

von ouo 	d G.L, of oollo pr000ntod in Stituura 

23 and 29 g:do:ado a a pplo b3cta for tho oorro tOrs* 

Tho thio 000 Of tho rlonlblo pawmont C 	Inoho lo 



3? 
determined from Kansas design method using * lateral 

pressure of 20 psi. 

5*1*6 Is) Correction named on Cd13.**  

The Cat.R, of the soil is determined* Zr 

this value falls around 2 percent, T needs no correction. 

If the C013*Davalue tolls below 2 the corresponding percent 

increase in thickness to be added to T is directly mad 

trots plot for the given deflection in Figure 2R If this 

is t percent*  the corrected thickness of pavement is 

T * T s t/100 0 T (1' * *1100) inches. StmlIerl3P0 

the thickness 	1 ( 1 t/100) inches it the C00014*  

'value is greater than 2 percoat* 

5.1,642 b) Correction nosed on 0*I*  

The 04* of the soil, is determined* It this 

value falls around 700,T needs no correction* If the 

161*  falls *bore 700 the corresponding percent increase 

in, thickness to be added to T is directly read from plot 

for the given deflection in rigor. 29* If this is t percent 

the corrected thickness of pavement is T Ta t/100 

0 It ( 1 * t/t00) inches* Similarly*  the thickness 

T (1 - t/100) inches if the 0,1. of soil is less 

than 700* 

3.14 7) Design Deflection Criteria 

It has been shown that the percent lateral 

In tent mobilised to 'Mast vertical loads IncreaSeS_ 



dofloe ion lo 	or oco omic conoldora 

bo nocoonoris 
	

tho dofloction dociana oratorio. 

ch a way that tho highotiti pePibla doflootion lo vol 
la  tux)  tiko roma° of *tootle (or 000rtv olaotio) 	V10124* 

a#i bo *Moon, Thio will moor* tho mobilleation 

a conoiftrablo amount or Percent LatoTal Continemon 

tbuo roonit in oconomlo dooicn thiohnemo, Th* donee.. 

1043'010 of c41 inch and (42 Inch thigh otro tito prop-ant 

action critorla for decian tact7 two bot ozodoinvIgd to thIG 

C of OA 

	

Piguro 	# 20 and 21 

* r tion cures for tub* 

toot hos only 	 boo aoa mho 10a4.00dofOrma 

tiort curio* of 	*at a t 	ro• latoral procou o 

inc Rio indiCatoo 

do 
	

vor7 ill 

Lat 	Coatinor 	o r bii cod to T0olat vortioal 

t cay bo oald that tho load So noot17 carriod b7 
to 

*tone* vortical oottliomont *trotted may tit* nub do*,  

Thin totrilSoo that 04 Snob cloirlootion So conoorvativo 

(Wotan crito ion thich micht rooult 	ovor doOicn* 

	

,07.1.2 b) Dot:tootle* Criterion of 042 	h 

Vitom ploto pr000lltod Sri Irittar 
 

d 216  

ocn that tho load dotormatiOn 
	

to toot 
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hats marftod ioo abovo tho load.wdoformation crvo of tho 

trianlal toot ulth zero poi latoral pr000nro at tho 0*g 

Inoh doflootion lovol. 	 is lndicatoo that at 04 lack 

dot:1400m loci a zo dorablo Po oh 401=1 ContIno 

mont to mobllined to rooiot vortical 100110  It 	bo oaid 

that tho roolotonoo to lotoral dofornation of onbcrado playa 

a conoldorablo rot° alonacith roolotanco to votetiooi 
dotormatIon la reolatina the vortioal load' This i too 

that 4,2 inch dottootton to a no coon to doolcn oritorlon 

hen 

 

0*1 tact', and rooulto In a caaliaror of aar0071. 

In thor proeona of doom 	o10 of porcont 

Lott* Confinoticat to inoorporatod b maftina roaliotic 

choice),  of defloctiono criteria and thovaluo of legulvalont 

trope to bo uood in triaulal toot fOr'datormina. 

o valuo ot S. Par a clvon dofloction Iccals 

tho qua ottlognivoloat Laeaval Straoo noad 

portent toral Confinement cupooted to bo 

a la oo tho mood tor roaliotio evalu-b 

ation or 	1 	1 Strom for to ouberado ooll 

for deoianw 

of latoral pr000uroo for tho aro* oOtio, 

OV0 t Latora1 Coofloomont to only 

and Toblo 17 

0.2 loch 

cooted valuoo 

For Sal 

one for tho 

Pato 
	

Piauro.0as. a,  a 

Latoral Confinamea 

do 	tor tho otandard valuco and c 

value of latorat proaouro (20 po 	004 it o 

70 	rocat fortbo ooncoOtod volts* of tatornProof= 
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(30 Igt1), Corrospondlna chat t thlohn o a* on 15.00 

tnehoo and 12,13 lnehooll  on tho °thous band for tho othor 

tto Gallo In th000 aoao tho on r,00tod t luo of Iotora1.  

pr000uro to only 5 pot and tho oors•oopondlna pereont 

Lotoral Conflnenont tor Roll IX and Solt III orb 6013 poroont 

and 405 poroont Corroopondlna voluoo for tho atandord 

valuo of latorol proocuro (20 pot) oro 24 51 007=0 and 

poreo3t. Tho dootIn thteUnoonithovo rk00 inoropoo 

ntth doereaotna Poroont Latorol Conftnemont to tho coca of 

11 1, It to 21,10 tneboo and 14.72 tneh00 rOVOOtiVO4• 

1 tor Cho oncgootod voluoo of latorol propouro *or tvo 

ao 10, 00 a3otoot 19,00 and 13.67 ineboo for tho otondord 

no, 

lath a bid sr valua of Bqnlvolont Lotorol 

tho Poreont Latorat Conflnomont avolloblo to 

Sine° gr uIvalont Lateral Strom, Iner00000 nt h 

et1on lo7oi., Ulo 0,2 tneh dotlootton oritoria 
rooulto in croator ntIlloatton ot tatoral eontInamnt n 

thuo rooato in ocano in doolcn thiormoso as oho= 

In Plcuroa 21, ad and 27. 

Thuo tt io dt 

atone eontInomen 

and illuotratoo ito 

povalont0 

on denonotrotoo tho *alto 

oublrado unclog,  vortleal load* 

eatton tn tho choir n of tlontblo 

*lot. 
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CEA7TER mi V1 

CO3CLUSIOUS AND SCOPE VOR common tonic 

641 	mood on the onporimontal'investiaation oorried out 

dind tho various oponmptiono mad° in the **tiro° of (Wiretap.0 

tnc the analyoio no reported harotn0  tho tollooluina conclU 

atone aro dram 

64141 1) Theottoot of latoral oontinomont in ouharado 

unclog' vortical Undo io a olognifioant factor to ho takon 

into oecount in the doeign of tIoniblo pavomonto. 

60142 a) Althouch the onaot diotribution pattorn of tho 

Iatoral otr000 dovolopins in a ouborodo under vortical 

load* io not known it 10 p000tblo to ovalunto an 

Rquivolont lotoral Strop(' for knoun oond*ono of load And 

dotloetion. 
.t;  

6.1.3 3) Tho luo of Zquialonfont Latorol Str000 varloo 

with coil typoo. 

60104 4) The ,aluo of Equivalont LatOral Strom, of 20 

psi uood in trianiol toot for the doteirmloottoo of the aodu 

luo of olaotioity is not applloabla to all ooil typos* 

6.l.5 5) vor collo hovioc a co1,110  around.' 3 porcont or 

Croup Zndon around 7030, the Equivalont Lateral Strong of 

20 poi to applicable. nonce to th000 a*iio the dOoicn thick. 

noc000 ao obtained by the ourront praotioo of Manoao doolan 

nethod are ootiotactorY. 
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6144 6) tor soils having a 0 D•Rs below 2 Group Index 

above 74,0*  the Equivalent Lateral Stress to be used in 

triaxial test for "tenses design method is lower than 20 psi. 

if 20 Poi is used, it results in under design. The veriationo 

in the design thicknesses were 41630 percent and 32.10 percent 

for design seitesi deflection criteria 0.1 inch and 0.2 inch 

respectively*  in the case of Soil IX (Dlus Soil)*  as given 

in Table 17. Hewever*  * method is indicated to effect a 

correction for the thickness so obtained. 

6,1.7 7) for eoila hawing a C.D.R. above 2 or 	Index 

below 7.30*  the Equivalent Lateral Stress to be used in  

tria*ial tist for Kansas design method is greater than 20 

psis It 20 pet is used,* it results in over..dowign. The 

verifttione in design thicknesses ware 27.82 Perfume and 190-4  

Percept for design deflection criteria 0.1 inch and 042 inch 

respeetively in the case of Soil I (Mai Soil). eso 41vion 

In able1.7. However*  a method is indicated to affect a 

correction for the thickness so Obtained. 

6.1.8 8) With a 'deflection criteria of Oa inch in deain  

the rote of lateral resistance to diepincement in soils in 

carrying vortical loads is insignificant. The mobilisation 

of the effect of lateral confinement is more pronounced with 

a defleetien lqwel of  0.2 /nth as design criterion. 

6 2 	The•telbwing problems ore suggested for further 

experimental study 1.0 

6.2.1 	In the present investigation triasisi test 

performed with lateral pressures Gil 00  1 10* 11* 20*  30*  40* 



500  and 63 pot1  It to awn from Vieuroo 910  20,, 2 

tow a more aeouroto ovoluotion o Equivalont LatoraI Str000 

by oOmparloon and intorpolation botueon lood.dorermation 

°urge° of ponotro ion toot and trios 	toato, It to n0000 

to havo trianiat toot° data row °loom* intorvalo or latowaI 

pr000uroo tin tho 3 poi and 10 pal intorvalo uood in tho 

Pr000nt invaatittatiOn# It  may bo uoor01 to conduct this) 

otudY tor trPloal anbC ado oollo and for doto opooirloot ono 

tar ft* lotorai pr000uroa to be uaod for **oho 

2,2 	Plat, as oho= in 	a 2. and 29 ro 	nc 

room vartatta,n in thionno 	to 0,n*nom and 

valuoo may ho deoolopod uoing oto o atibgwodo aoil t$110000. 

Such otandardisod Plot° may bo or lamodiato uoo to apply 

nocaaoarY eorrootIona to thiOkn00000 obtoinod by that 

a ondosed dosicn p o rn it may, bo or intowoat oloo to 

amino hot,-  aorrootiona 	tho ammo ooil baood on 13,0,0R 

and cia oompaVa vith each ethos*, 

40 14 It 00 



TABLES 



TAMS 

Soil 	Per 	Pero. 	Litiduid Piesti 
Oemis-* 	cent 	aint 	Lisa 	city 
notion poising pitman/ Percent index 

14,44) 	1,000 
stov*, 	slim' 

Testum 
eel 
oleos*. 
fiction 

USPRA. Group 
Soil 	index 
Group 

ONO 	Mex. 
per DO. 
cent in 

par, 

coil 2 S1 42.7 10 Sandy 46,4 1.6 10 110 
CUR! Lean 
Sot!) Soil) 

Soil It 
(Blue 

Um 99 14 Silty 
loom A07 11.8 18 96 

Soil) 

Soil III 
(Pleaded 92 11 Silty A06 14 102 
Sod) Lome 



0011/1ROVID 10411148vLIcrzos DA at Or cnn In 
Yon SOIL X carni SOIL) 

D *tot ton in Load in 

poonda 

0.000 

0.023 

G.00 

0.075 

0.100 

0010 

0.200 

0.30 

0. itOX) 

0.300  

o'00 

22.10 

43.25 

so 

$6*Ts 

wg° 
144.00 

22t % 

270.00 

31,6.:10 
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TAMS ) 

CORRBCTUD LOAD DSPLBOTIOS BATA 07 can UST R 

SOIL U MOS $OIL) 

D•floot ion in 	Load to 

inch** 	ponnds  

0.000 000 

04025 9*07 

0.030,  1.4 

04075 23405 

0400 280,10 

0450 3945 

0,200 ,  4% 70 

04300 ?t.00 

0.400 92060 
0.500 2,174, 00 



4fiAntin 

co CT20 100AD.,.DarL8071011 D'A`TA P 0 TEST 

son SOU. Xfl (131SSIDtto so 

t ion in 

1 eh pounds 

0,000 

0 02, 

oLro 

10.09 

20,40 

0.075 30,61 

0,100 41,75 

0.X50 60,73 

43,200 R2000 

0000 124,10 

0.400 139,2o 

00,00 tes.00 
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COMISCISSO 	'MOS 	rBUBTRATION 

IltST ( 1 5 XS 	PLLISO 	/OR SOIL X 

crut son I 

0. ea tten 

Incitups 

o4t000 

o vas 
0.050 

0.075 

0.00 

4.53 

97 

93, 

0.100 12.67 

0.125 22.55 

0.150 32,02o 

047 47.80 

0.20 63.70 

0.225 82.75 

0. 250 97,20 

0.25 00 

0. 300 60 

0.325 00 

0. 350 151. 30 

0 it 375 160.00 

0 400 169.140 



CORRECT 	Ort.DUF O 	DATA OP Pil*MTRATI 1$ 

7t.,, INCH 	:Mfl 	R SOIL 2X 
(DMZ SOU.)  

Dori ofe ten 
inches 

tisid to  
potiods 

0 .025 
0.050 
0,075 
0.100 

• 0.125 

0.150 
0.175 
0. 200 
0.225 
0.250 
0.275 

. 0.300 

0 350 

0* 375 

0.00 

5, 
7•412 

9 78 
1%1.74 

6*  57 

15 

0 
i025 

20,1,5 

44•70 
54.0* 

59020 
.61, 



TAO L2 7 

COMM? LIYAD4TUPLICTION DATA 0 2142TtLATX011 TM? 

(1 3 MU pursosa) von sou. 	Mason sotto) 

Pefloction in 
inch** 

Load in 
pounds 

0.000 G0.00 

002$ 

* *030 19 

0 *071 6 i9 
04100 1 
04 /21 1290 
0 ISO 19'4.27 

* 175 2.05 
200 a ' 

0.225 Go 

0 .250 00 

0 273 0 

0.'300 5 
6.20 

0*-150 72000 

0. 375 79.50,  
04400 07030 



none 
in 
inehoo 

0,000 

0.025 

O*050 

00075 

0,6100 

0.125 

0.150 

0017,1 

0,200 

0.223 

0.250 

0-037$ 

00300 

00323 

00350 

0.3 

0.0400 

0.00 0.00 000 

R*14 17•44 28010 

23,75 34,72 33 70

•19,96 33.6$ 3E490 

27,40 41.30 45.10 
33.90 49„20 0340 
37410 $7.30 59070 

3t1.40 61.0 6403 

42015 65 • 9:5 7,1.40 
69.30 77.93 
74140 80.85 
72.55 86473 

.3O 90•&0 

.92020 

-9409.3 

96..00 

96070 

51 
1103121 0. 8 

LOA 
	

Tr0 RATA OP /AXIAL IRST VOR VARIOUS LATSRAL 

rvIMSSORES VOR SOIL I OM SOW 

aim 0000 000 000 

42*  25 640140 ono, 143,40 

49•10 82 • 70 . 103060 188* 30 

36.65 83,00 114023 219.10 

62.90 93030 130040 244450 

68.65 106.30 034,$,5 237.60 

"'no 115,10 ..15900o 282.10 

81,40 12300 , 174.10 239040 

91010 17450 305,30 

101.40 17.0 20240 318,30 

107..90 144030 

 

212.60 328,010 

113.20 130.50 233.70 3364.60 

117050 136.80 #29.30 740,60 

121020 16140 230090 354.90 
125,60 16400 24300 359.0 

129.10 167.60. 24440 362,4 30 

133**3 110490, 246.40 16600 

floadime not reworded, 



52 

I000.40170017103 'DATA OF MUT ALP TM NM V 

PRUSSUR130 VOR SOIL It ( 81112 SOW 

0.000 0.00 0.00 0000 0.00 0.00 0.00 0.00 0,00 0.00 
0,025 1.00 18080 26.96 2903 4700 35, 32 7949 96.33 123.30 
0.050 3004 19050 29.15 30.36 30,60 35073 85.89 98000 125,05 
0007.5 746 22.12 32.44 39033 37,30 71.09 86060 113040 127,55 
00100 9.36 25.00 33.46 14.65 63.10 74.25 9245 12200 129.33 
0425 13073 27416 37.25 50073 66.90 92. 70 106.40 127.10 122.93 
0.150 10073 31.30 39.90 56430 70.50 97,10 111.90 13200 144.05 
0.173 22,1,0 31 ,ti5  43.22 62,60 7,00 1034° 113.6$ 137,00 154,60 
0.200 25.90 354/0 47050 6440 76090 110.45 123.00 1411160 169 • 60 
00225 20,10 37,90 30.60 6743 79.90 116030 127.75 147.00 181030 
0,250 36.00 44.10 54.20 71.10 82.00 121.80 131.90 151.10 190,20 
0.273 39460 434 50 60.10 74,30 &5,65 121.30 136.76 155.45 199.20 
O. 300 40.30 9.5O 60.90 77.70 89.': 1340 141 • 90 161.70 206.17 
0.323 24.14 49.90 66.90 80063 93.00 134440 146095 167.20 203 * 90 

0,150  32.40 70.83 03000 96.60 00.10 150.55 171.20 215.40 
0.375 34.10 73.90 06020 •93020 143.00 1,54 .40 115.75 222,20 
0.400 53.60 75.40 99.90 100.60 140. 50 158020 176,70 223.90 



Doelie00,  
tton 
in imetto0 

115 
Opur00 in poi 

TA BL8 0. 10 

LOAD D9 	DMA Op TR1A21AL T 

PA 	S 	SOIL 111 044 

000 0.00 0.00 0.00 0,00 0,00 0,00 0.00 

0,025 6.43 16.70 30494 42.60 43093 60.30 04,65 112,0 

o.050 9.15 25000 0,90 5100 52.05 54,91 95425 974 130.00 

0.075 12.04 31.20 44.50 56.00 62.70 71.34 104.60 109.43 137.30 

0.100 x4.55 43.00 39,35 62.90 71,00 79,90 114,20 110.90 47035 

0,125 17043 49,30 6.60 Oat° 79.90 09,60 12220 ,137070  17000-  

0,150 21.40 54.95 74.10 76450 1096 9140 111.50 155.20 202.10 

0.1'75 24.60 60.30 81.35 04,60 94.35 10.,90 140.20 164.00 227,00 

00200 2%40 67.100 97,60 91,L0 100.90 111.60 150080 175,60 248, 60 

0.225 32.60 69e20 90#30 99,00 109.00 126000 160,00 1e8,15 265.65 

0.250 36.20 71.50 90.10 106.15 114.90 13400 169.15 197,20 274,10 

0,275 4000 74.30 103.00 112.60 121.00 144,30 11'6040 207,20 289.30 

0.300 43.20 70.40 1,065,30 310.20 126.20 15.05 193,40 214,10 300,10 

00323 79.60 109,60 122,50 130.00 155000 196,70 221.00 307.60 

0.330 81.00 tit 60 126.1$ 134.30 16540 20140 220,,50 314.60 

00175 93.60 114 40 130,:40 137.00 06.30 204690 234.50 325.00 

0 .0440 05.30 115.10 132.60 14000 17700 209.60 23900 326,;60 



LOAD 	LUCTXON DA OV 	R s IL X 

carts soli-) 

Deflersti 

inches 

in 

paut146 

O*000 000 

0.025 9) 43 

0 050 10.56 

0 1115 

100 25.00 

425 43.20 

150 70 70 

0.175 10410 

0 200 155.60 

0.0225 20,70 

• *2. 3O2 *00 

Ow 275 445400 



5$ 

LOAZAMPLECTLOR 	0, 1111M1 	VOR 

Oxus sank) 

4se 

 

hone tn Lead in 

po clod et 

0.000 0.400 

0 025 W*11-  

04,050 %0 93 

O*073 33.w) 

00100 2600 

0,0125 54470 

0.150 11.7420 

0 175 130 ,*20 

0*  200 .2213*.0 

223 415.00 

0.250 77740 

0*,275 z$41#5to 

1:594 00 



TA9 

LOA it 	fitl'A Or 1tI811 	0011 S02L Ill 

Mumma sou.) 

nortoettons in Lead in 
•pound* 

0.000 000 

0.025 313.88 

0.050 22.6$ 

0.075 ge.30 

0.400 77.70 

0.42.5 56.60 

0'140 1.03410 

04,75 131,00 

0.200 230.00 

022 33040 

010;30 491.00 

04275 707.00 

0.3p0 991000 

$6 



14 

L0)11)44 W.. PARSSURU tIA.Th FOR O*2 XN 	TUICTION 

*OR SO/L(elltt X ) 

Front Table 8) 

Load ire 	 Littora prowsts** in 

pounds 	 psi 

10 

20 



0 

51 

10 

15 

30 

40 

co 

50 

LOAfl4TflAL PrIRSSURS DATA FOR 0.2 Igen IMYLIt 
POO SOIL It f TILUS SOIL) 

(r Tabl 9) 

Load las Mfg 	 imatistral Proissare 
in pet 

2500 

:15 

47. 

6t1,410 

76 90 

110.45 

123.00 

eao 

169.60 



TAMS 16 

LOAD kftLATURAL POSSUM DATA ti 0,2 VOX• 

mamas ton sorL fl (Eamon SOIL) 

(Protn ?*t4• to) 

Load in 

pounds 

getto 

G. 

0740 

20 

100.90 

118460 

130480 

175,60  

World lArosour 

in psi 

0 

to 
15 

no 

•I 

IT 



GO 

g 

0.,  



• Latorol ll'opouro 
2 

tor 

61 
maul IR 

STIMS.STRAIN DATA FOR $OU I ( crSta SOIL) 

Dorloc. 	Poroont 
tiono in Strain 
inehoo 

Lotorol Propouro 
jo 

in poi 

0.000 
0.025 
0.050 

0.00 
0.93 
1.66 

0.00 

3..92 
7.75 

0.00 
6.50 
16.75 

,0.075 2.50 12610 19. 75 
0.100 3. 33 15.60 2,4 00 

0.125 4416 11.80 30.25 
0.150 300 33.20 
0,275 5,003 26.15 39630 

• 

.06200 6646 32670 44.50 
06,225 37.50 41 50 
0250 n*33 41.00 .51.90 
0.275 902.6 44.20 55. 50 
0.300 moo 46. 50 50690 
0.325 13,63 49 • 70 61. 30 
0.350 11466 51.15 63.40 
0017.5 12#515 53615 65.00 
0.400 13.33 $5.30 66.75 



Lateral Pressure Later* 

or $ OVill 	$ 

TAMA 19 

SIMS STRAIN DATA TOR SOIL zit taunt SOIL) 

62 

Dales,* 	Percent 
titans in 	strain 
lndhes 

O..000 

0.025 

0.050 
oiais 
0.100 

0,125 

o.iso 
e*175 

0.200 

0.225 

0.230 

04i73 

0.300 

0.325 

0,350 

0.375 

0.400 

0.00 

0.01 

psi 

0400 

6.6o 

111 pal 

0.00 

5.64 

3.466 9.60 6.04 
2.50 120,50 7432 

3433 15.70 9. 10 
4.16 17.90 10.05 
5.00 19.90 *2.74 

3483 21.73 11.05 
6.66 23.50 14.03 
7430 25.20 15.95 
8433 26.40 19.90 
0.16 29 	or 20* 75 
10.00 10,50 23.00 
10.83 23.25 
11.66 34 .70 
12.30 ' 15455 25.60 

13411 • 36.90 26043 



63 

TAMS * 20 

STRSSS*S 	DATA fOR SOIL III Immo SOW 

Detlee. 	Permont 	Worst Pressure Weisel Pressure 

inches 	t1or str* 
tiens in strain 	tii 

0.00 
4.80 
9.15 

14.90 

19.35 

22.70 
2 .40 
2935 
32.90 
34.20 
35. 50 
37.15 
39.35 
40.00 
41.35 

42.30 

4340 

00000 

00023 

0.050 

00071 

00100 

0.125 

00130 

0027$ 

0.200 

00225 

00230 

0.21$ 

0,300 

00323 

00350 

0073 

0.400 

0.33 
1.66 

g0 
945 

2.50 18.50 

3* 33 20,20 

4.10 25. 20 
5.00 • 28.65 
5.83 3$,88 
8.06 IWO 

7.50 • 41.20 
8.33 45000 
9.16 48. 0  

10.00 81.80 
10.83 $4.1.5 
11.60 56.00 

• 12.50 58.00 

18.33 



MIMS 



Gzr 

APPLIED LOAD 

CIRCULAR PLATE 

/7///1/// 	 ////i/7/ 1 / 1 / 

1 
SUAGRADE 

LATERAL DEFORMAT/0/V 

VERTICAL DEFORMATION 

SCHEMATIC REPRESENTATION OF DISPLACEMENTS 

P/6  



CASE -1- /00% DE6REE OFLATERAL 
CONFINEMENT 

N 

N 

CASE-Z7 TYPICAL CASE OF 
A NORMAL SlII3GRADE 

  

CASE- ff ..-0% DECREE OF LATERAL 
CONFINEMENT 

 

GS 

DEFORMATION 

EFFECT OF LATERAL CONFINEMENT IN STRESS-
DEPORMAT/ON PATTERN Or SUBGRADE 

/476.2 



GC 

ko 
\I N 

i 

eK 
C) 

kt■1i  
k0 

(I 

i 
o 

vf) 
„kil 

0 0 

I 
MIN 

ME 
IIIIPMAIIIMI 

In• MIA 
v) 

tkl 1. ,,t4 
'ck ■ 
0 

MAI IIIIIIIIMMINRIM 
WM-  MN= I 

1111,1frc  
WM 

VII 
mium 111121 i TA 

m 
Fr 4 v El, 

wim Ewa A r Pill pi" 
AIIIIII11111111■111111111=1,41 IV MIMI 

Ird 

111 

1111111111 

P.M 
AMINIFF.P- 

o 

Wa 
II 
...... 

INNIMINIMIIIIMMI 
............- 

11111M111111111MMIIIIMININ was i 

I 

liall 
I 

mom 
IIIIIIIIIIIM 

I millumo 

11/9/..7/11 

. o 

Ag alYN/..1 .1N..7_22/_7(/ 



Ts  DEFLECT/ON D/AL 

P/STON 

• • .50/4 SAMPLE 

.1 	.• 
• 1 	• 

.•, 	 , 
• 

SURCHARGE 

G7 

CALIFORNIA BEARING RATIO TEST-SCHEMATIC 
DIAGRAM 

F16.4  



G8 

1040 

PERS PEA' 
CVSC 

AY 

, 	. • 	, 
, 	I 	, 	• 

SOIL 	 
SAMPLE 

PERSPEX 
0/5C 

RUBBER MEMBRANE' 

- LUC / TE CYLINDER 

F A tilVAPIIIIIIAP 
ANFAIIAIMIPPAKVAP: 

   

-4- CONSTANT 
PRESSURE 

   

   

     

TR/AvAL TEST [UNORA/NED] SEt- up-5CNEAIATIC 
D/A6RAAi 

F/65 



IDA 1NA/6 PLATFORM  

I 

A 

METAL TIME 

.5 PLATE .31x z x .32 

32 

LOA D 

TUBE TEST SET -UP-SCHEMATIC DIAGRAM 

F/6 6 



200 

o >so 

NI /00 

C8R. Arai /NCH DEF ECTION=289% 
v o. 2 ,, 	 =3-64% 

1,  of 	(c.45-R -1 SOIL = 3.,at 

300 

250 _ 

0 

So 

0.1 	02 	0 3 	0-4 	0.5 
DEFLECT/ON IN INCHES 

C.B.

O  
0 

■ 

7o 

R. TEST PLOT FOR SO/LI 

(C.e.R SOIL) 

F/6 7 
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f20 

foo 

60 

Z. 

O 40 
NJ 

20 

, 

,. 

-1" (BLUE 

q.4 5.R. AT 01 
_I> 	,) 	02 

OF SOIL 

/NCH DEFLECT/ON-0. 
1, 	= I 

SOIL) = t 

0 
 to 

tO N 
21  
6 I 
v I 

1 
I 

91.9t 
103% 
103% 

0 f 	02 	03 

DEFL ECT/ON IN INCHES 

C•5.R . TEST PLOT FOR SOIL-II 
(BLUE 50/Z) 

o 4 0.5 

F/6.8  



, 

cs-15.R AT 
'1 	” 
2) 	OF 

0-f /NCH 
0.2 	J,  

SO/L-ff 6 

DEFLECT/0 
y) 

ENDED SO, 

' 

Iks 
Ni• 

D4 
%I 

I 

I 
I _ _ 

0 	0.f 	0.2 	03 

.DEPLECTION IN INCHES 

ZOO 

/6o 

1,20 
O 

eo 

40 

O 
• • 

='39% 
1-82% 

= f 

72 

C- 8. R. TEST PLOT FOR 50/L-ffr 
(BL ENDED SOIL) 

/c76:9  



73 

200 

>75 

150 

125 

tk /00 

75 

60 

25 

Of 	02 	03 	04 

DEPL5C770N /N /NCIIES 

PENETRAT/O/V TEST WTI/ 1.5 INCH D/A. 
PLUN6ZR FOR SO/L-I CC- 8-RJ SOIL) 

	
F16.10  



74,  

>00 

75 

4. 
5o 

0 

25 

O 
0/ 	02 	0.3 

	
0 .4 

DEPLecr/oN IN INCHES 

PENETRATION TEST WIT// 15 /NC// 
D/A - PL LINGER FOR SO/L-47 65LUES0/0 

F/6.11 



0 0•f 02 03 04 

125 

DeezecnoN INCHES 

PENETRATOIV TEST WITH >5 /NCH D/A • 

PL LINGER FOR SOIL-ill (BLENDED SOIL) 

RV 

75 

O 

0 50 

25 

0 

75 



0•I 	02 	03 

OEFL EC TION /N /A/CNES---0.- 

0. 

F/6. 13 

10 P S.1 60 PS • 1 

• 

. 

o 0 

, 

o

. - 

X 

5 P• SI 

I 

TR/AX/AL 
VARIOUS 
FOR SO/4 

200 

75 

/50 

1Z5 

0 /00 

Q 

1:1 

75 

So 

30P 5• / 

20 PS I 

/0 P.6. / 

TESTS FOR 
LATERAL PRESSURE 
-z (CB-RI-SOIL) 

A 

-76 



200 OAS./ 

02 0.3 0.4 

175 

150 

>25 

O 

O 
X op 

75 

50 

25 

TrIllrforAdr 

.0011
101,ii  

rArAtil'0" 

.■Alle 

r Aid 
TR/AVAL 
VAR/005 i 
FOR 50/L- Prir 

. 

OEFLECTAON IN /NCl/ES-0- 

Fl6. 14 

50 P5./ 

40 P.5.1 

30P.S•/ 

20P S-/ 

15 P5.1 

/OP S./ 

5P5%1  

TESTS FOR 
ATERAL PRESSURES 

66LOE 50/0 



78 

OEFLECT/ON /Al /AICHES 

TRI4X/AL TESTS FOR VARIOUS L A rERAL PRESSURES 
FOR SOIL -17 ( BLENDED SOIL) 	 FiG 15  

r , 



9 

/75 

f50 

as 

too 

75 

25 

• 	0•f 	02 	0 .3 
DEFLECT/ON IN /NOYES  

TUBE TEST FOR soIL-I (c8-Rts-OIL) 	
"76 /6- 



175 

f50 

125 

1 
Q /00 

75 
7 
0 

50 

25 

0.1 	0.2 	05 	0.4 

DEAL EC T/ON /N 

TUBE TEST FOR SOIL-LT ( aLUE SOIL) 86 17 

80 

C 4/  111 

IORARY UNI/Lk511Y OF ROOM* 
ROORKEE, 



1 /25 

el. 

50 

0 / 	02 	0.3 	04 
DEPZECT/ON /N /NCNES -3-- 

TUBE T5S T FOR 5D/L-III (8LENDED SOIL) 

>75 

/56 

25 

P16/8  



40 P- 

/ 

I- 	 A N' 

	

V
v 	

0 30 A -5  0 .1  

.

7:r-  T ; 

	

ki 0 	o 'fr 
(o ,  \49 

0 
Q

7: 
,,/ 

,ef 
• 	 - 

20/:%;  

/0 PS./ / 0 

82 

o 

200 60P.5•/ 

175 

150 

125 

Pc' 

75 

50 

25 

/ 

/ 

;4  
es 

11, 

1 
I 
I  
I 	I 

/ 
/ 

/ 
,y 

fa,  

; 

II? 
I 	II 
I II  
i
f 

/ 

I 	I  
I 
I 	I 

/ 

/ 

/ 0 

-o 0 PS./ 

r6  

LOAD DEFORMA770N DATA OF 
PENETRATION  TEST WITH 1.5 
/NCH DIA. PLUNGER,TR/AX/AL 
TESTS WITH VARIOUS LATERAL 
PRESSURES AND TUBE TEST 
FOR SOIL -I (car-R-160/4) 

5 P.51 

0 1 	0.2 	0 3 

DEFLECT/ON //1,1 /NCHES 

0 0 	
 0.4 

Fla f9  



f25 

O f00 

75 

J 

50 

25 

83 

60 PS-I 

f7S 

/ 

(50 

7 

	*so P.s.I 

40 PS./ 

6 
PS.I 

7 
z 

/°/ 
260 

/ 
*' 

	0 , 
0 

/  / 

/ ,4120PS/  
4/ 

./.- 	-0' 	4"oi .  , 

-f-, 	 0 	o 41  6 , 
E ,, 	2 _Aerz-4.-66  ,..- 	_v),.7-' „,,, 

.3), ..- 	y 	1-__.-- -0 5 PS.I 
iv.' 	-*- ---i. 

LOAD DEED/Pk/AT/ON DATA!) 
0o PS./ PENETRATION TEST WITH /5 

/NCH DM PL UNGER, TRIAXIAL 
TESTS WITH VARIOUS LATER- 

	

/   -AL PRESSURES AND TUBE 
TEST FOR SOIL-HO/UE504 

.7" 

P/  

)o- 

16 PSI 

0 	 02 	0 .3 	0.4 

DEFL ECT/ON IN INCHES 

i 

F/6.20  



Bit 

200 	 60/A5/ 	SOPS./ 

 

40PS.1 

 

    

     

t t 
z /1.30 P S./ 

41,  

;2 5 

/ 

.1" 

0 	
).‘ PENEMA VON „ 

/ / 0/A pz 0A/06.Rd rESTF 

5 P5-/ 

o • OP5 i  
-o 

LOAD DEFORMATION DATA OF 
 TEST WITH f 5 

	 INCH D/A P2UNGER;TRIAXIAL 

175 I  

1 
//

/ 

P/

ii:  

TUBE 4/ 
rcs7 

I 	/ 

I 	 / 
I 	/ 	d 

I 	 / 

1 	 / 	 / 
if'  

/ 
/ 

It 

1 

„o 20 ASV 
er 

7/  y/gr ;f-15Ps.1 

1 
/ 	i? .7 

V .,-( 
0,  / 	,,C  

1- 	
.- / '-ir / if t/ 	, _Az is Ps./ 

I 	/ 
I / 
1ki /  
I 

75 

100  

// 	,er 
1 
/4)  

TESTS WITH VARIOUS LATERAL 

PRESSURES AND TUBE TEST 
FOR SOIL- (BL ENDED SOIL) 

25 

0 
0•/ 02 0.5 0.4 

DEFLECT/ON IN /NCNES 

O 

F16. 2/ 
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175 

125 

955 

150 

100 

K 

V) 

75 

50 

x 

PLOT 51/OFT/ert6; METHOD Ck 

	 F/ND/NCLATERAZCONF/NOENT 
CORRESPOND/N6 TO 5TAgpARD 

20 PS./ AND 51/66EST4D 30R5.1 

VALUES' OFLATERAL PRESSURE 
	 AT 0.2 /NCH DEFLECT QN FOR  

(C.B.RI- SOIL) I 
25 

C 
O 	 to 	zo 	5o 	40 125 	50 

LATERAL PRESSURE /N P-5./ --0- I 

47 	70.60 	fOo 

toovAzeNT PERCENT LATERAL CONF/NEMENT 

r/6.22 



SONC)0c1 	017'07 

0 

\Cs 

E3G 



87 



88 

35 

BAR CHARTS SNOW/N6 PAVEMENT 
rH/CXNESS FoR STANDARD AND 
SUGGESTED LATERAL. PRESSURES 
f10R DEFLECT/ONS 0.1 /NCH AND 
0.2 /NCH FOR SO/L- 

(C.B.R./. SOIL) 

WHEEL LOAD* 9000 L136 
CONTACT PRESSURE= 75 P5•/ 
coNrAcr RADIUS . 6.18/A/CH 

30 

25 

V) 

kJ 	20 

15 

10 

5 

0 
DEFLECT/ON 	DEFiecT/ON 

0.1 /NCH 	 0.2 INCH. 

1/6.25 



30 

89 

BAR CHARTS SHOWING PAVEMENT 
THICKNESS FOR STANDARD AND 
SUGGESTED LATERAL PRESSURES 
FOR DEFL ECT/ONS 0 Mc," AND 
0.2 /NC/-I oct2R SOIL - if (BLUE SOIL) 

40 

WHEEL LOAD.,  9000 LBS. 
CONTACT PRESSURE= 7SPS-I 

CONTACT RADIUS = 6./6 INCH 

NJ 	■1 
kiNto<N "t 	I. 	• 

W
. 

tq  
ti)kv.) 

v,t1)  
o 
44  

tk 
tk 
q1 4)  

‘K tk 

DEFL EC T/ON 
0.1 INCH 

DEFLECT/ON 
0.2 INCH 

F/6. 26  
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BAR CHARTS SHOW/NG PAVEMENT 
THICKNESS FOR STANDARD AND 
SUGGESTED LATERAL PRESSURES 
FOR DEFLEcT/oNS 0. //NCH AND 
0.2 /Ncl-i FOR 50/L-1ZZ" 

(BL ENDED SOIL) 

WHEEL LOAD = 9000 LBS. 
CONTACTPRESSURE.r 75 P5./ 
CONTACT RADIUS- 6.18/NCH 

eve

tk,  

3•04-  
kJ  

p ,̀LC) olVi) 
2 tr 

v) 	 

15 

35 

5 

0 
DEFLECT/ON 	DEFLECT/ON 

0- INCH 	 0.2 /NCH 

FIG. 27 



SO/L-11 

0/L- 

3 	4 
/N PERCENT 

FOR 4- 0.2 //VCR 

FORA= 0.114/CH 

SO L-1-  

91 

PLOT SHOW/N6 PERCENT VARIATION IN PAVE/VENT 
THICKNESS FOR SUGGESTED LATERAL PRESSURE" 
OVER THE TWICKNESS FOR STANDARD LATERAL PRESS-
-EIRE 20P5./ VS CB R VALUE OP THE SUBGRAOE. 

F/6.28 
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feq 

• 
So/L 

FOR d = 0.2/NC/I 

a soil-A7 

4 
GROUP INDEX 

fivcH co, 

50/Z-7 

PLOT SHOW/N6 PERCENT VARIATION IN PAVEMENT 
INICI(NESS FOR SUGGESTED LATERAL PRESSURE 
OYER THE TH/CKNESS FOR STANDARD LATERAL 
PRESSURE 80 PS/ VS GROUP /NDEX VALUE OP ?WE 

6086RADE 

R62.9 
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= DEV/ATOR STRESS = APPL/E0 STRESS 

6-5 

} 61 = 6ci-s- 65 

6'5 

.1.11r■■••••■ 

3 

	61  = 	+ 63 

641 = DE WA TOR STRESS ,  A PPZ/E0 STRESS 

APPZ/ED STRESSES /N TR/AX/AL 
TEST 

9i. 
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0ALCU 	ON Or GR ltlp INDOX 704 

TIM rums SOUS 

Ths Group indelt of fa soil, 

+equation 

	

G1 	O. * 0.003 	* 001 

	

a 	that portion of the porno tog* pa rsing 

AS TK Na. 200 Sieve greater than 33 pardon 

n4 not ezoseding 7$ pert:ant oxprossed as a 

itt vo who*. number (0 to 40)* 
that portion of the percontego 	ASTM 

Mos 2 sieve greater than 13 peroent and not 

Cowling 5$ percent oxprossed a* a positive 

*to numb's'. (0 to 40 * 

that portion of the numorical lIgnid limit 

Creator than 40 and not exotto4 	60*  expressed 

as a pow MY, whole number (0 to 20)* 
that pet tion of the numerical piaaticit  

greator than 10 and not exceedin 	sxpr *4 

as * pOsitive whole number (0 to 20) 

Table 1 are 

n 

p 

a 	42.7 
b 	42.7 

0 

(Sal) 

2 *7, 4* 	B (Say) 
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d 	IO *. 10 • 0 

Group index * 0.2a * 0.80$ act * 0,01 bd 

0.2 x 3 * 0.003 	x 8 x 0 * 0,01 	* 0 

106 0 0 

1.6 

Group index of Soil II (alu. Soil 

a * 73 	0 

35 m. 1$ 	40 

40 0 11 

d 0 14 10 	4 

Group rndsx 0.2a * 0.005 so 0.01 bd 

0 0.4 x 40 * 0.003 x 40 a 11 * 0.01 x 

0 8 0 2.2 1066 

11.8 

Croup Index or Soil 	d 	1) 

a 
	

75 - 33 

3$ 15 

0 

4 0 11..18 0 1 

• Or 	Index 	0,2* * 0.003 ao 40  0,01 did 

0.2 x 40 • 0,005 x 40 x 0 * 0.01 x 40 *1 

8 4, 0,4 •  
8 4 
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A 	X U 

CALCVLATTONS von W8TORTS op my SOIL AXD 

WATER VOX AASHO COMPACTION COSDITIONS 

?OR TME Tansy, SOXLS 

Volum* of compaoted sample 
in the can mould 

son :1 (cam soli) 

Optimum Moisturo Content.  

Mai Alum Dry Density 

• Weight of dry soil in eon 

sample 

Wo 

Soil IT (Slue Soil) 

Optimum Moisture Contont 

Mosimom Dry Density 

Weight of dry soil in 

oompeotod Sample 

'10 pore 

110 pot 

i$ percent 

56 pert 

96 Z 0.08 lbs 

7469 lb. 

1.69 s 43 	gms 

1490 gmo 

110 * 0409 lbs 

8480 lbs 

8480 s 4„534, 9 

3990 gw* 

•4 3990 	1° 
°766 

399. OM,  

Weight of Wetrequired 	3490 	18/100 

628 mos, 



Soil II (Blended 

102 

318 gms 

14 percent 

102 pot 

102 s 0.08 lbe 

8.16 lbs 

8.16 * 4334, 

3700 gms 

3700 

0 timumiloisture content 

Maximum Dry Density 

Weight of dry soil in 

compacted sample 

1101mht of water required 
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APPERDIX * III 

PART A 

RITMO 011* OALCuLATIOW OP NORMS OF 

SLASTZOITY g OY SOIL 

An undrained triaxtal test is used. With 

the totem/ fluid pressor* 'confining *tree* 	73) main* 

tattled constant, the axial load (deviator stress  

is gradually increased at the specified rate till failure 

results, A plot with deviator stress against percent 

strain is developed. 

In the conventional test it Is necessary to add 

the confining pressure to the deviator pressure to determine 

the total unit load at failure«  as illustrated in figure 31« 

The vertical stress G-1  can be determined by moans of 

equations (1) and 0« 

d 
L.T.U..1. jai 

A.  
• **S.*, *4 I* • ( 

where cti  • deviator  stress 

P 0 applied deviator load (lbs or he) 

A • original cross sectional area of snot* n 

	

a 	Unit strain 

	

G-1 	6-4 	G-3 
 040140e0.4110********** (g) 

*here or 

073 • 

total vertioal stress 

confining stress« 

For the design it flexible pavements, use is 

made of the modulus of deformation. The modulus to calculated 



10' 

for the straight portion of the etre 'strain come. For 

most cases* however* the Istress.strain curve of the soil X1.1.  
not be straight for sny appreoloble distance but ra her will 

be curved* 

'slue of de *motion fe rr this case ts 

calculated. at an6 arbitrary point- generelly st a *tress 

value equal to  the stress condttion Whieh will exist in the 

pavement, or example tt the vertical stress under he 

pavement in, soy. 10 psi, the modulus of deformation to equal 

to 10 psi divided bt its corresponding deformation value from 

the triax 	teat (8), 

so-ntris n data for the theee soils used in 

the present 
	

ation for 0 andard value and suggest 

value of lateral pressures as presented in Tables 18. 19 and 

20, 	 corresponding stress-44*min p eta are sheen in 

Flours* 32, 33 end 34* tar each value of lateral pressure 

B value is calculated at deflection levels 0*1 inch and 062 

inch* essamine the Soil to be *last co over this range* The / 

oslout shone for for the three soils are presented below 7;  

n Part 400 



PART 4. ES. 

CALCULATIOUS OR TOO UODULUS OP U 8 	FOR 

IRE THREE SO/LS AT DEPLOCTIONS OP 0,1 INCH AND 

Oa INCH FOR TRO STANDARD VALUE OP LATERAL 

PRESSURE 'AlF20 PS/ AND FOR TRU SUGGESTED VA 

OP LATERAL PRESSURESi 

Soil 
Donignation (CORI Soil) 

Soil 12 
(Dluo Soil) 

Soil III 
(Blondod Soil) 

Standard valuo 

of Latoral Proaou 

In pot 
	

20 
	

20 
	

20 

gosta4 valuo of 

Latorat Proaauro 

to pet 
	

30 

or Doll  0. 0,1 inch 0 Par ftflootion 0 0,2 Inch 

AffootiVo neon of 

area° 00041100 of 

Boil amyl° 

Strain 

Effootivo *Iron 

of *roan-not:Ulm 

" 51..9075 20, 	of soil oamplo 

2.9 

Strcttn 
0033 

1.89) in 

vw 

 

0.2/3 

n 
0.000.0..0.000 

2.0 
2 

0,066 



pOt 

Tho 

Poi 
3COOtod 

valuol 35 poi 

( 2  t2al 

106 

a .  VO1u00 u00d in tho folloein 	iceeia lono aro 

n Tab oo 9,9 and 10. 

2 of Soil X ( n 3011) 

Vole* of 
Latorol 	Vor Ao 0.1 indb 	Ass 0.2 inott 
Pr:toper* 

 

ss 

  

 

00 

 

20 poi 
(Standout 
valm*) 

 

0  32sa 
0.066 

be 
131.1 

69.5 poi 

11124721...01W. 
0.066  0086 

592.5 poi 

na $011 It (01320 soil) 

'oleo of 
Lotorol 	For LI* 	 p es 0.2 tno 
prowler* 

 

0 4301 tbo 

 

76.9 ibo 

6 

 

0 

20 psi 
Stebuisset 

vs.60 

 

4045 poi 

Eatiale 
0.0 

110 pot 

Con tIO*4* 41 40 04107 



t 

4 18433 

o.o 
20345 

10? 

Load 
Straso 

334 lbn Load 0 2300 11)3  
00 
2 

3 pot 
(Su foot 
valuo) 

2di pot 

20 pot 
(Standard 

pat 

443#.1...20 

0 

Spat 
(Succao ad 
voluo 

8 

33.14 pat 

4.4 
0to 

10.4 

437pol. 

of So • III (r3tondo4 Suitt) 

Value 
Littoral 
Procouro 

o 0.2 

00 	b  
Strata 0 1224r. 

l• 
53.3 poi 
153.3.40) 

ear 
0 o 

lbo 

Oft Strom 
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APPENDIX 

PART A 

CALCULATION OP DESIGN THICKNESS OT 'MIME 

PAVEMENT USING KANSAS =SIM METHOD 

Modulus of elasticity (B) Of the subgrado motersil 

is detormined with the help of a triasial toots This, value 

is ithenosubstituted in the floossineses *potion to obtain 

the thickness of pavement roquirod*  To arrive at this ftplim 

tion for the pavemont thickfte*so  Doc  sottlemiont 

equation for deflection at the centre of * flosita0 plate to 

used, which is as follows 4121 

3 P82  
--Pr- 
2E la 

7 ) 2  
144#0**00.00001 

where A. deflection at * centr. of flexibl* 

plot*, 

p , 0 /ntensity of toad on the circular 

radius of the pistol 

* depth of the point who,* stresses 

are aalculat0d# 

modulus of elasticity *  ria 

subgradso  

2 
Thu*a Z E+ 11—̀ic 

2
2 	1/2 t 

or 2  
2 

j 	ig.tsi*04(4) 

21 A 
Out total pressor* P on the plate  na2  

Ther*forot  Z  3P/2nE )2  in 011/2 
	

. 4 ,0,+*• it 0 • • * 



1U9 

Aouiiin thct thu pottemont o incompr000lblo, 

tsho doh Z bocomoo tho thiottn000 7 of the ptillomenty and 

honoo t,o eat;  (8).4  

0 
t( 3P/21in ) • 

and tho oquotton may bo uood to Ito dun ef flosiblo 

palcamonto# 

In oquotton (6) tho thichnoso to Wilton in torn  

of thO total load, tho moduluo of °loot/city of thu cub., 

grado °oil, tho radius of ,tho contact arca and tho dofloe., 

tion. Uhon thu load to appliod by dual mhoolo, tho offoc., 

tivo rodtuo of tiro contaot woo for tho combination to 

not =oily dotorminod To bolo* this thc otroc000 imp000d 

by oaoh tiro arc oomputod soporatoly. Thu moduluo of 

doformatton• of tho suberado roquirod to limit tho total 

daflootion of the memo° to that pormittod torky thon ho 

dotormincd, Than tho thoory of Om formula in uood by 

oomputina this afoot of oaoh tiro ooparotoly uitbout thu 

n00000aty of findina tho indotorminato vain* of WI 

offootivo •contaot *rook (7), 

To uttlioo equation (6) fo dooign purposoo it 

to nowtooary to anoumo a Ilmitioa doflootton • Thu (Ionian 

dotIootion of tho ourfoco to aocumad to bo 0,1 inch for 

floutblo oavomonto, This tram" moo dotommtnod tram moosuroi. 

manta, of numorouo 2loni410 pastomonto to various conditions 

(706) 
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Coo 

The doolan procoduro male for all samploo to be 

tootod in a aoturated condition, Saturation la doomed 

doatrablo in ordor to Obtain a dIreot comparison for all trpoo 

of matorielooandot tho name timot  to obtain 4 =astir° of tho 

atronath tohor e tho matoriol to in Ito =shoat condition, 

To account for tho poodbility of the coil not boina aoturatod 

after conotruotion, a coofficiont, n0  So Introduced thich 

giftsa docroaood thicknoaa of ourfaco or boa° couroo requirod 

in localltieo of loop rainfall, Tho rocommendod v01000 or 

n aro as Oho= in table below #700). 

Saturation coofficiant Avereao Annual, Sainfoll 
in  inthos,  

- 19.9 

0,6 20.0 0 2Z,9 

0.7 2J,0 • 29.9 

0.0 30,0 • 34,:9 

0.9 350 . 119,9 

1,0 4000 30,0 

If the ma'am* vhcorload to 0000 pounda and tho 

peroontofle of lohiclo corryin3 manic= tondo aro rolatod to 

the othor h 1t,1 to vohicloa Is falr17 constant, the varla. 

tion affoctin dotijn occur° moony in tho total 'alum° 

of traffic. loaf  have, been detormincd acoordina 

to tho volumo of toff to, Tho coefficient() and thoir corroo. 

Pondina ranoo of traffic+ oro atom in Tablo helot' (9,12). 



Tr* is Cooff 

10/6 

/1/6 

12/6  

Total traffic ob1 1 0 
par 407o 

50-400 

4010000 

8014200 

2014000 

1001.2700 

701.4000 

4001.6000 

6001.9000 

900143500 

13501 20000 

ainttha c0atfi,*tt.D Into aqua 

modlfioation of tha formula propoOod 

rooulto $ 

Sara 7 
	

ralto rod 

us of atastloit7 of pavomout 

emu, mom*  

E 0 cod luo of oloottoi at sombgroda 

or pub Woo, 

banjo tboal load 

traffic) coattiejicw 'mood on Ira 

volumo 

oaturatt aooftiolont ballad on rainfall. 



to  - 

whore to  

T thiolomosa of bttuatnoue mat 

T *0 ,4 0 1,4 8) 

eat.ss of bass course 

I 

a 0 radius of *rola 

corrosponding to P 

* pormittod deflection of surfs 

1/) 
The stiffness factor (E/8p )  vas proposod 

on the basis of the stiffness factor for slabs and use 

chockod against the olastic disptacoment due to a point laid 

on a two layer system*  The stiffness factor takes into 

account The stress distributing quatioo of the pairing 

surfacer 

 

as related to those,  of the subgrado soil, pis 

rogsrding the stiffness factor equation (7) gives the 

thickness of on inoomprossibto toyer which will yield 

sotttement equal to that of the assumed condition end for 

Cu, design wheel load* With the stiffness factor equation 

(6) Alvso the thioknoss of a bituminous mot placed directlY 

Upon the subgrado soil for the assigned larding conditions, 

If ono wishos to substitute sumo gronnuler base course 

mstorsit for a portion of the bituminous mot*  the rotation. 

ship can hi: datorminod on the basis of the stiffness factor 

for the bituminous mot related to the base course* Thus 

00 thlokness of final westing surr404, is weed the 

thickness of base course motorist to add to the pavement 

structure,  to that. Owen in the following equation (8)*  



Assn 	thickness of wasting surface* 

Modulus of stasticity of vesting suttees, 

Modulus of Riastioity of base coots*. 

It is to be notod that tho procadur mums/tate* 

assuming a thickness of wearing surfaces 

Tha calet4stions for dissignod thiokness of pavement 

ted In Part ma, B on net Imo, 

113 
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PANT 0 a 

CALCULATIONS POR DESIGN TRICUBSSES O VLEXIOLE 

PAVEMENT POR TRU TORRE SOILS POR TEE STANDARD 

VALUE ium SUGGESTED VALOR OP LATERAL PRESSURES 

AND conassponum VALUES OP MUMS OP BLAST/0 

0/TY AT DEPLECTIOTIS OP 0.1 14C4 AND 0.2 MR. 

Tho dont 

   

T  1/ E 3/ nine 

Tho notation°, boina as onplainod oorlior in Port 4. 

Tho ',au° of P to tokon as 9000 Ibo ao /.Pie* Spoolticofto o(13) 

Tho valuo of tiro ptOopuro for hichuayo gonor0117 

*octoo botuoon 60 poi and 90 poi M. A rano of 73 pot 

io odoDtcd to calculation°. 

Tho van* of m to tohon os 1*  =lamina %gum° of 

tftta 00 1201 to 1$O0 vohlolo° partici, (8}. 

Tho voluo of n to tohon ao 1*  aocumin 
 

20 

1.ao 40 to 50 ineboo (9)4. 

a  648 inohoo Iror P 0 9000 1ba and tlro 

pronoun',  75 Pot) 

inob!and 0,2 inch. 

to lohon ao 13000 pot (no  

ot 3P/an 
—211—  



Vitus of 
Lateral 
	

for 40 0,1 Inch 
Pressure 

10.270.67x 0.06 

00 

20 psi 
(Standard 
value) 	/(99,3206,18 ) 

O 6,,1 X 1.48 x 0,34 

O 12,1, indium 

80420.65x004 

0 21,90 inches 

T 0 	2 

ierml) *60  

I t 

30 pet 
(Suggested 
iretue) 

Et 36.22  8 
8.4 
4-.44 

115 
The values of R and defleottone used in the 

following oaloulattons are taken from Table 1? 

Verement Thickness for SollI(01M/ Soil) 

irer 4 0,2 inch 

* 7.43x6.550.309 



for A * 0.2 c 

arts  

n*66 

.5"rier" 
1-72-7W59.232 6. 

Vcluo o? 
Latorial 	7or ii0 O. inch 
IVOCIOUTO 

et Er77.7,-7-1,7" 
/ ('492.  	.64104  
4150v1 

20 poi 
Otatidard (904ty 02)1.422.) 
valuo) 	24466 

1042 	0 307 

304,5 & *too 

3 poi 
(ougtrotod 
valuo) 

Pmcnent Mitchum° tor Soil It (Moo Soil ) 

116 

0 	05 n144910.259 

42,6 inohoo 

104,11947 0.2395 

25410 &nowt, 



20 poi 
Standoo4 

vo1uoI  

oho° 

9.15 /19. 	0,336 

26 1 tuba 

7. .4n0.313 

ss 	 inottoo 

gtor 4 0 inch 

!00x0.2 

.0 

0.1 inch 

0•33 

U 
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Peen on 	e 000 tote S t17L 111 	and Soil) 



Sort 2 Roduci  
thickness 
suggested 
lateral stress 

for 

oral p rsert" 
sugg 

100 00 
.3 

Perosnt 
variation • 

, Percent 
variation 0 

110 
APPENDIX V 

CALCULATIONS TOR PERC I'Tl GR VA /A X IN TRICXXOSS 

CORRESPONDING TO EQUIVA 	LA.TflAL STRESS OVER Tun 

TRIMNESS CORRESPOND/0G TO T STANDARD VALUE or 

LATERAL PRESSURE, 

The data use 	foila+ a cal la►tions sr* 

from Tobls 

r perfection 0.1 inch 
	

Tor 
	

002 inch 
Doe • 
nation 

30.35021;0 
	

13,00 12.13 
8,43 inches 	• 2,87 inches 

P. cant 	person 

2  4.30.15 

/2,45 

tattoo 444,0 
cent 

crease in 
thickness for 
suggested lat.. 
*roil stress 

• 25 1001900 

6,10 

Percent • 6.10 	100 
~Sefton TT :53""" 

• + 41„ 3 peroont 	 002.1 per 
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Soil 
'1' s g 	Per doi*i+sotion 04 inch 

	
For deflection 0,inch 

nation 

Soil III Int:woos, in 
	

/nor so in 
teloodod thickness for 
	

thiokness for 
Soil) 	augeoetad let. 	auggostod tat 

oral pressure 	oral pressure 

0 26 00.2 3 

0,6,5 inches * x'0.5 inco8 

Porten 0.65 11 100 variation 0 	 

Pore 
varlet 

4. 2.36 percent 	t 
	

ii 
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9.121100 

act  ' LttQL.4,0d "Soma bolo Problomo in Vloniblo Paecsant 
Dooign". Procooding0. %R  AI Yo1#32#  1953# 

ssn. nchrat_ 010000010n on Ion #C, PtpOr 9o.24, "A Pundamontol 
Procoduro for tho Dooign of Vioniblo Paromonto" Journol or 
10144 0  Vol. XXVIII.4#  Jply#  1966 

D#A.Durniotor. "Tho Thtgry of Str000aoand Dioplaeo2onto 
in Layarod Syoteno and Applicationo to tho Dooign of 
Airport nunttayo" Procoodin3a0  11#1144. Vo1#23#1943# 

B.J.Vodor 
Dooms of 
1912. 

"DooltIn 
Toot". M 
1947# 

and CO.  ri°. "Trionial Tooting App1iod to 
Vloniblo P000monte Pret000dingo n.R.13„ 17014/111 

loniblo Pace onto Volk! tho Tri iol coapr000 
ono Stato Right a►y Commtooion H.M.S..gaincton# 

Viloy 

90P, Void  "Trion el Toot 
earomont Do ign" Protooding 

Endo Coati° in Pio iblo 
.Vot#23,1943 

na. Vorloy. "Trionioi Donlan Corrolntod with no nib 
Poromont Porformanco in Mamma" Trianial Tooting of Sotlo 
And Mitominono nixtoroo ASTD Spacial Tochnical rublication 
flo. 106# 

D.J. Yodor. "Prim:4p' of Pa 
nnd Sono. t1oi Tort:. PabyearY#19 

A.V.Siohop and D.J. lionkol. "Tho aoiaurtrment of Solt Prop" 
portioo In tho Triontal Toot" Sdunrd Arnold, adition 11, 
1942# 

10# T.V. Lanbos  "Soil Tooting Vow. Unginooro" John Ulloy. 9ou 
Ver4 1955 

"Soil Mtao nia Nor toad Roginoora". by Dopn c nt of 
iontific and Inds;otr$o1 R000arch.Rond R0000roh LaboratorYr  

London Publiabod by A#M.S.0.. London, 1961# 
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