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- Tho onpordmontal ntudy wopoprtoed horoin has boon
donionod te dofino and ovoalueato tho polo of lotornl conw
finooont An tho Bogring capncity of tho osubzrodo undor
vortioni lends, Tho mothod ef approach omploycd eonsioto
in otedying tho infiuvonco of lotowrnd confinesent on tho
modulun of olactioity” T of thyoo typos of solla undop
gonddtiona of maﬂifiaﬁ.ansao soopaetion,. Thio dnforontion
1o appliod in tho Hanooo tothod of lonidlo pavenoat
dooinn to dotoraino tho offoet of latoral soenfincaont on
dosimn {hdelmonnos of floziblo pavesnont,

Uadrainod trianial toot haa boan usod to dotormino
the B of sollis, Sultabla vatuos of lotoral fluld prossugrod
vlouiative of ¢thoe latesral otrodoon dovoloping in fiold oro
applicd &n tho trianiol coll, Thooo voluos of latornl
propguros woro dotornincd by on onporinantol procoduro

sugzonted in tho prooont atuedy,

Kanoug dosinn aothod maltos oo of 20 poi Latorol
proosugs in tho triazinl tont irronpontive of soil typoo,
o woouito of tho proosont aindy {ndiecato thot ronlintin
voluo of latoral proosurd to Boe usod in tpianial tost
varion ovor n volativoly wido rango dopondiag on a0il typoa,
Conooquantly tho valuo of B and the rommitant dooinn thiolte

noas of pavenont aro conoidorably affooted,
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It has beeri inferred also that the use of 20 psi
| laterai: pressure is roslistic only in case of soils having
Cal &rorﬁis Bearing hatio around 2 percent or Group Index
gmund 7+3. Other soils rsquire lateral pressures verying
dirsctly as California Rearing Ratio and inversely as G,I,
Based on those resalts & method of cerrecting the Jdesign
thiockness obtained by the Kansas design method is developed,

il e
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CHAPTIER » .

InTRenueTION

1.1 Gonorad

1.3.,1  Thoro ore o groot mony nothods of floxdiblo pavow
ment doodgn, Giffordng conoidopobly in thoir mothodn of
anoiyein. Tho dooicm mothods currontly in practico oro moatly
orndrdoal ond goodeorprical. Tho baoid dray bashk of ocpiriw
ool nothods is that thoe sofoty factor notually boing' ooploye

o connot boe ootinntod (1)s .

Laka® Roooarch work 3o in progrocs in noany counteion
?ﬁ& wodifying tho proocent dooion mothoedn to mallo thonm cors
uﬁax&aﬁsq. Studios aro sluo bodng cado to owolvo o pationnl
dasim mothed, Thoso offerts aro justificd for fwe mojor
roasono:  Figotly . suecons in this dirostion will grootly.
contributo tovards otandordization ef unifiorm doolgn proce
tioon undap difforent fiold condidlons. SQnand&y? thoro
45 imronoo acodomie intopost contorod around thic tople

of Bania roanoapch,. 4 dooian wothod 1o gualificd no bolng
rationnl vhon 3¢ 1o coocoptdiblo of comploto mathomntionl
analysio in tosmn of atrooo-displocomont phonomons in tho
poavcaont gtrueturs undor asowscd dooign eonditions, In
Pronco about hoalf o dooon mathomotiesano hovo boon weriting

an ¢thio problom for tho 100 nany yoaras (2) .

2343 Busatotor’s analyois and doosipn aothod far floxiblo

pavouonto conoidorcd as layorod oystcaos havoe hoon rogardod

s Donbors 4n poranthonis FofoP €6 Gorronponding nuambora i
Bididegraphy 1isted in tho ond,
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an tho most roational approach to tho problan asde so far{i).
Dupmiotor’n thoory to bnood on tho asoumptiona of o critie-
col surfaoae dofiovodlon ond rnﬁiy‘ninatka-bahav3quv of
natoriolo o oneh layor of tho poveaont composito (1,3).
Conocqguonily tho moat foportant aroporty of thoe paving
oatopdalo ond gubsrado ao atronpth eritorion is tho moduiug

of" olootiaity R,

1,2 Soopo of Invostigotion - (/o baur!icd . Y

e203 The invootization woported hopodn 40 concorncd
with a'#&a&&ai&c dotopminattion of ¢tho nodnlug of oloagtieity
of tho subspado godl,. Thio probdlcon ig analycod with opooial
cm@haaﬁglaﬂ tho rolo of ilotoral confinomont in cubgtrodo
unidor vogtionl londa, Iho prosont practieco ip to dotormino
tho voaluoe of moduluo af olonasticity of ooll rom the stronow
oteain plot davolepod feom o trianinl tont (undrainocd $ost)
daﬁa@ Z2n tho trionial tost o latornl £leid fepronguro of
20 pod is opplicd igzoopootivo of sell type 6 olimnlato tho
esondicion of latoral otropu dovoloping in subrrodo undor
voptical loadn (B}, Uhothor tho uso of 20 poi latoral
prosooro Tor nil ocoilo s yoallaotie 4o opon to quootion.
This problom a0 invostinatod in tho prosont atudy by on
osporinontal prograzno consisting of Califernln Boaring
Batlo Toot, o Ponotration Foot «ith 1.5 inch pluncor dice
motor, undgaincd Triazial Tood oné¢ o Tubo Tost., THooo

conto are conduatod on 004l aposinons undop conditlions of
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modified AASHO compmstion and aftor U days soaking, Thres
208l types are studied,

4 1e2.2  The concept of lateral confinement in subgrade is
ozézn&ntd in the following ochaptsy, Chapter I1I osutlines
the charactsristic festures of the throe types of soils
used in the #tuﬂy and the procsdurss adonted for the varions
tests, Test resulte and thelr analysis ars presented in
Chapter V fnilaub@ by the éon@lusivna from thoe study in
the fisal chapter,

RTI
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CHATTEDN « XX

< THR QOUCEPT OF LATHRAL CONFXNENITUTY I SURGRADE.

2.3 Tho atrongih nmoacupo of oubapradoe ontorial is

the mensurs of 1¢a ronsistanco to ﬂaf&r&nﬁann yadoyr uhool
lo0ndo,. Tho aawﬁqwn of dofornntion in tho subrrado noods
to bo dofincd Tor o csooploto douserliption of tho strongth

sharactorintios of ¢tho matorial,
2.4 Doformation Pattopn In Subsrudy,

y- Tho oubsrodo in gorvieo has only normal dilotrde
buted Ioad to suppord. Under a cireulor looded area, Tho
. moas of cofl that 15 stroosod may undorgse tuo formg of
dofopmation , nanoly i

1} Dounmard displocomont {Hottlomont) in vortioni

diyootion,

311} tatora) dioplacomont in sadial dirootion,

Figuro 1 iiluotratos thin doformntion pattogn
$n mbzrodo wndor vortical loods. Tho zoil mags wvedor
ntross Duilde wp rosictonce to boath thono formo of dofore

nation,
2.3 Lotoral Cenfinomant,

0 I § ftatornl {(hovinental) strossos dovolop in o

Xondod toll moos te roolst latoral displocaomont of osoil,

Tho tomn "Lotorsal Confinomont™ refors to tho soil conditions
colting up tho capacity of tho soll to buixﬂfup.iatarai

stroptog 4o gubgrado te rosist lotorsl displacoment of tho
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CHAPTEDN - XX

< FUR COUCHEPT OF LATRQAL CONIIXIBNUNY Iy susanabs,

Rk ho piromgih moacure of oubaradsé ontorial is

tho ooasurs of itn rondafanao to doforsmation undor vhool
Lo0ds, Tho patiopn of doformntion in tho sublvarado neods
¢ do dofinod for o comploto doseripntion of tho ptronzth

shavaetoriotioo of the matorinl,
2.2 Doformation Pattopn iu Subrgado,

. Tho oubgrodo in gorvideo hoz only normal distrie

\'4

butoed lond ¢o support. Undor a4 clizeniny loodod avea, ho
oo of gofl that 39 strocsod ooy undormo tuo fozno of
doformation , namoly
1} Dowmaord dioplacomont {Sottlomont) in vortioni
diproation,

14} Latorol dioplacomont in sodial diroctien,

Pdguro 1 1liuvgtrotos thin dofosantion patiopn
in pubarodoe ondor vortical londs., Tho soeli oaoco undor
ntross dDuitde wp wogiotanco to bLoth thono forno of dofore

2.3 Lotoral Confinomunt,

Be30% Latoral (hericontal) ptrosgsos dovolop in o

tondod boldl maos to rooist latoral dicplacanont of soil,

Tho ¢torm "Lotorol Confincmont™ rofors to tho soil conditliono
coliing up the capoecity of tho soll to Duild up lateral

otrogsos &n subgrodo te rooiat lotoral disploooment of tho
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sodl undor vortical xaada; éﬁnsnn Statc Highuay uommionian
hao gdvon tho folloving iiguniwatian to dononatroto tho
offoet of latoral eonfincmont in sudboredo.

fConsidur o nornal subgrado epon vhich La ladd
o pinto of 9 Anchiop in diomotor. I o lood of 5000 poundn
30 opplicd ¢o thip piato ronting upon tho ouberodo, como
ﬁotﬁaament‘ﬁa Rilodly Co ovoupr, If tho load 35 roloaged,
tho notorial romovod from tho odgo 6? tho pinto sut for
6 Snchoo and t& A dopth of at loast 18 inchoo, and tho
5000 poundo looad ig renppiiocd, tho oylindor will actilo
o a auch proator dearos, Tho iaaﬂ‘has not boon incponned,
but tho_hgrimgntal raaﬁatanué hoags boon romovod m&&eﬁﬁag tha
nidoo of ¢the ngix a?ﬁﬁhﬂov t# mavnvmuﬁuﬁé& whon unsupnortod.
Uhen tho matericl surrounded tho eylinday such hericontal
movonant waa.rosia&ae‘ Tho latoral gmé&ﬂura applicd to
a spoostnon An o @mia@iai #amgfunuibn éaai Ao pimilar 4o

offoct to this horizental rogictance” {3).

2.3.2 To forthor 1lluntrato the offoct of latorol cone
fiaonost 4n tho stronoedoformation pattoyrn in dubsrado,

tho folloving axaoplo may bo smplopod o

A columny of noil wmasga having donoidy ond moiaﬁur@
conditiona oo thooo gpooifiod for fiold uso ond fillod da o
cylindricol motal tubo of uayiolding walls 45 considored,
Thto fubo is opon at Moﬁh onds and 4a kept standing on ono
ond on o £ platfora, I§ 1a losdod azially {vorticnily)
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undosr o plungor arcs oquol to the ¢rosn~aaaﬁkanai aron of ¢ho
tobo, Tho 0odl doforms vortionily only, Uo doforcation is
poasiblo in <ho latopal dirootion, In othor words, lotornl
otrosoos dovelopod aro cuch that thoe latoral doformation
19 fully zosiated. X¢ moy bo said that tho latoral coafinow
mond 3 100 poroont 8 the maaiﬁnm poasiblo, ?ho»gltima@a
lood carriod by tho osil mﬁy jacronso indofinitoly. ?hy

phonomonen 10 roprosonted in Pig. 2, Cace I.

If tho motal tubo in tho abovo onuo woro roplacod
by a thin subboy sicovo of nojiigible otronath, tha latoral
sonfincaont proaoat o praotically pore. Thoro fo Iittdo
rosiotanca offorod to latoral displaconont, Undor oiolilor
conditions of looding ao in tho provieas sasa, the ultimate
load sapyiod Dy tho sodl will bo o rolativoly small findte

valeo, Tho phonomonen 1o poprosontoad in Pip, 2, Caso IX,

A normnd guborado 4n Piold hags a doagyoos of lotoral
confinomont {(or lntornl cupport) §n hﬁtmnaﬁ tho tuo oztromo
sasoo $ilunstrated above, Tho phonomonan 1¢ poprosonted in
4. 2, Caoo TII, !

2ade3 | he onpordmonial investigation roportoed horoin

TOS &auiﬁnad o avaiuatovihu gorroo of iataral econfinomont
agintiag in subgrodo undor conditions of imodificd AASHO
compaction and aftor Tour doys socaling, 7Tho dogroo of latornl
confinenont 30 ootimatod 4w ratnﬁiaﬁ to tho tuo oxtromo
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eunos of 100 poroont ond soxd porecnt valuos of latoral

eonfisoncnd 69 Alocuegocd abovo,
2.4 Irportones In Paveaont Dosion,

2.8 Althounh tho offact af latoral confincaent &n
subizendo hoa boon pocommiced, thopo 4o no ataﬁdardiﬁad
mothod Cor 4¢s ovaluodion gso far. Tho Honsas &nghcd of
fiogiblo pavosont doslien wvaing Sriasial taot taliag into
aecount tho offoct of lntornl confincment, Tho Ransan
Stoto Highwpy Coconigonlon Hoagon invostisation on fha woo
of teinnind tosting fop dasipgn of flonfilo pavomonts in
1951 {5,6). Aftor fivo ponrs of dovolopmont, Kanoos
'uﬂﬁptﬁd o pyocodurs for $riaxinl toanting of Qubgruﬁo/aniia.
hane soipoe natorialo and dlituninounn sdztuvron, By tho
Kamséa mothod tho roguirod thiclnogss of pavonont 3o basad
on tho éﬁrnnﬁ-ntwain rolationship of cach componont part
of tho yavénant ao dotormined by the trinzial took, Ono
a@nﬁining or*ﬁntatnﬁ%&asangn of 20 pod is asod, Xt io
sonnidorod Dy tho Stnte Highvay Commiooion that 20 poi
0 compagabla to tho 1ntoral oupmort or horisontal yosioe
Gtnee vhioh 1o normally providod by tho cdjacont sisdlor
matoriol undoy fiold condStiong (4),

Belie2 It haos boon pococnondod that tho "Quick Undroinod

Toat" ohould povorn tho dosipn of pavomonts, Thosoe aro
toots An which wﬁa vortioal 1sad 1o npplicd with no droine
are of tho sompks poraitted dupdngy tho toot, ‘It Aa sugpoated
thnt thoe londo npplicd to o pavomont in gopvico bolng trans
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cnoos of 100 porsont and saoro porcent valuos of latoral

confinonent ao diocagpod aboon,
2,4 IXImporlanse In Pavomont Bosign,

2.0.38 Afthough tho offaet of lotoral confinoment in
pulizende hiog boon ocognfced, thopo 40 no atan&nranaﬁ
mothod for 4%n ovoluntion oo fap, Thoe Unnsas mnthnﬁ of
fioaiblo pavonont dooirn uoingy Sriasial tont ¢taltoo into
oncount tho offoct of intapal soafincaont, The Kangon
Stnto Highwny Commioalon Bagan invootisatieon on tho uge
of trianial tosting fopr dosign of filoniio povomonts in
!931 fS,G). Aftor five yonra of davalagmnnt, Ranoas
nﬂmp%ad a procodury fof $rinzinl tantinz of su&*#n&o aeilo,
bage souzroo matarials and bituminoun mizturos, By tho
uanﬁéa aothaed tho roquirsd thichmoga of pavonont ia bacod
on tho #tronasﬁtfnin roléationahip of onch eoponont part
of tho pnvémnnt ao ﬁatcrminbﬂ by the trinzial topt, Ono
sonfindng ovr x&tavuq%wosnurn of 20 pod is uood, It %o
considorod By tho Stato Hichvay Commiosion that 20 poi

ig corparablae te tha latoral suppord or horizontol yosise
CGoneo vhleh 1o normally providoed by tho ofijacont cinilar
eotordal undor fiold conditions (4, |

2442 It has Boon waccmmﬁnﬁad'thaﬁ tho "Quick Undroinod
Toot™ ghould covowrn tho dusipn of pavanonta, Thoao aro

toots La which %ﬁo yortionl load is appliod with no draine
are 9f tho scmplo poraittod duping tho tont, ’Iﬁfﬁn surpoated
that tho leoado appiied te a pavenont in sorvico boing traone
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waiont, it is doudbtful whether sny drainage tokes place
during the loading oycis. The rocommended rats of load.
frg L8 0,05 4nch por minute (7,8},

2.9.3 It might appear that the use of 20 psi lotersl
proassurs for all types of subgrade soil may not reprosont
sctual field conditions, The realistic value of lateral
pressare ajralative of lmﬁaﬁx gupport in field micht
rary «&tﬁ soil types, This ie investigated in the
present projoct uaing theas types of soils, The dege
ription of ﬁaigu and the methods of tasts employed are
presonted fn the next chaptor, | '

widtm
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CHAPTER = XY
MATBRIALS AUD TDSTING

3.2 [Illotopialy,

Throo Sypoo of ovolls woro solostod Lo Lnvootie
cotion,. The oritogion Tor tho choiloo of tho thyroo typod
of godls wac that, oo could Do Judped freo thoir tonurnl
and gzoin oizeo foaturos, thoy uavé‘onpaeﬁa& to oxhibit
agtyonath propoartios of conoldornbly warpinn oannitudaos,
and provido o sufficliont rongo fopr comporitivo otudy of
- populto, Tho rolovant fontures of tho throo typos of

goilo azo ouctlincd Holow te
3.4.,% Soil I {C.B. R, T. 8031}

Fhis aeil was collacted from sono part of tho
Contoral Building Hogooarch Y¥matituto posidontial colony,
Reaghoo, The £oil han o 1izht ghado. Tho znin piso
distedibution ao determined by siove and hydsonsdor analysio
15 proconted in Fin. 3. Othor golovant proportios of tho
soll are prosonteod &n Toblo 1.

This aoil 2o clousifiod an "Sandy &mamf an pop
0,3, Buronn of Semural sodl Clacsificotion Systen,
Acocording to tho ¥.8. Mubdlic Doado Admindotpntiva Syntom
of a0il classifioontion, At falis undior A-D proup, Xt Dao
o Group Endox of l.6. Appondin I provconts €¢ho calduloe
iona for Sroup Indox, |



Aa)
J.3,2 SOIL XTI (DLUB SOIL)

This goll was proocurod from the bod of rivop
Dhanauri, 0 oilos awvay from Rooflton,. X¢t hao o bDluiph
shadoe Tho soll 4o prodominantly oilcey with 17 porocont
clay contont, Tho groin nizo diotribution as dotogxnminad
by Siovo and Npdromotor Analynis 4o praosontod in Vig. 3.
Othor rolovont proportian nf.thu soil aéa prosonted in

Table I,

Thio coll 30 clasoificd ns "Silty Loam®
an poy U,S. Buroon Tomurnl Sall Claosification Systom,
Accoxding to tho U,.5. Public Roads Adminigtration
Systom of goil Clasgification, A¢ follo undor A « 7
Group. It hoao a group indox of 11.8,

Appondix I proaonto tho caloulations for

- Group Indox,
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3:2.3 Soil ITIX (Blond Soil)
This goil wne o oiuturo of soeldl X ond cokl XX,

Saoil frootions possing ASTH Siovo No.b  from tho twe golle
in ol dricd condition vopo thovoughly oizod togothor An
tho ratio 1 : 1' by voight. Tho gralin nizo distribotion
& dotorminod by olovo and hydrotctor ancipofs 18 prfow
ponted in Tig. 3. Othor rolovant proportion of tho noll

aro procontod in Tablo 1,

Thio soil 45 closnificd no "Silety Loam”
a0 por ¥.S5. Bupcsa Yozural Soll Claoificotion Systom.
Acocording ¢o the U,5, Publies Bonda Adainistration Syoton
off codi ocloasification, it falls undoyr A«bL proup, It
1a group indoz %9 3,4, Appondiz I prosonts tho caleulne
tiono for group indox,

Tudad Thue coil X, Soll XX and soil IIT havo Sroup
Indonr volnoo as 1.6, 11.0 and 3.0 soopootivoly. This
&nﬁ&a&%an‘ﬁhnﬁ thoy roprogsont n sufficicnt rango of

otronsth variations 40 facilitoto o conparitive atudy

of Yoot roovlts in this invostization,

o - Tosting

e - 3 Ihe folloulng toatsn woro posrformod i
L. ﬁa&;fnmnia Bonrins Rotio Toot,
_a. Ponotratioe Tost with 1,5 dnch diamator planzor,
3s auien'vﬁdwaﬂﬁa& Teianinl Comprossion Togt.
b, Tubo Toot. |
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placod ingide tho € B R nould ond tho fizad of tho fivo
pordiong of sodlso propored as abovo 18 pourod in, Ator
1ovoliing 4¢s ¢op curffoco, o 1 3n, thiclx looooly fitting
uotal dioe 40 placod ovoer A, Stotio load wno applicd on
to 1t fron o io ton somproosion tostlinsy machinoe ot o _
‘tonstant pato of 1 inoh poy minuto, This rato vas cone
sidored to Lo noithor tao ropid an to immalir uniformity
af sonpnoction noy tot aloy as teé causo unﬁenﬁ@&bia dolay. |
Tho goil lagow uny ¢am§aa%¢é to o thielnoso of T Anch,

Af o vgicaaiﬂg tho 1uﬁé ang romoving tho total uﬁﬁb,'%hn
suffoce of the cotpouted goll woo soprotthod with a tmifo
1o pocurv Fixm bonding vith tho aucaqdﬁﬁng iayar, Tho
gieeomd portion of ¢the noil wns not pourod Snto tho mouvld
amd ﬁemgqm%ﬂan was poprforasd ag boforo ¢o obtain 4 tatal
thicltmons of 2 in, Tho romaining portions of o goil
wopo aloe oimilarly compooted and o 5 dn, thick finishod
otemic vao proparcd, Fhote 1 chowp tho compactien
PEBCONG,

Thilo voirshing out the toinl wol~ht of dry soil
roquired to proporo ono sawplo, 15 geoms of ozcons sodl
Ao tolren, Thias 4o intonded to allow for tho poosiblo
feos of soil during tho proparation of complo. iﬂy thig
prandﬁa, it vas posaiblo ¢o obinin u#ifﬁwm acaaiﬁf for
all samplan of o coil with a poosibico aaxisun orror of
& 10 gan dn tho totol bulk walpht of aomplo in tho
could vhich not subntantiol,
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The sample with the mould is then kept immersed

in wator under a surcharge load of 10 1lbs, After four days
of soaking ths sample nis.takan aut and after allowing 15
minutes drainage, it wvas usad for the various tosts as
denoribed bhelow, 1I¢ was assumed that the sample after four
days soaking represonts the worst condition in the field,

F+2eR22 Paculiar to Rach Tost

7+2.2:2,1 1] Californin Dearing Ratic ?ﬁsg
| 23 ﬁmuu%raﬁzaﬁ‘rsst'vtfh 1+5 4poh dtameteoy
plunger,
The sanple prepared as desoribed hofors was tuat#ﬂ
directly for these two tests,

34242242 3} Triaxial Comprossion Test,

A stoel core ountter of 1.5 inch inner diameter
was used to extract a spooimen of 3 4n, length and 1.5 fnch
dtameter from the sample preparsd as descoribed before, The
inzido of the core &utting uis 1ight1y‘ulxaag Its cuttting
edge was driven doun into the mample in the C.B.R, mould
under light hasmering, taking cardé to hold the corse-cuttey
vertical always, After the cove cutter was dplven to &
sufficient depth 20 as to get » aampxa'lungér than 3 iaches,
£t vas carofully rotated and siowly pulled out, ¥Tho sample
wag extracted fronm tﬁq aore cutter using the atandard
ssmplo extractor devios and was trimmed ¢o sxaotly 3 inoches

longth for the triaxial compression teat,
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FeReBals® 3& Tuba Toot,

Tho cguipnaent fopr thio ¢oot uno apngiu&lg doaimmod
fox tﬁa purpaos of this iavostisation, - IT c&naia%ﬁ of
Vu sotnl tubo opon at h@ﬁh'a&ﬂﬂ ang hoving nﬁy&o&é&ng vallo,
It {0 providod with a slot axound 4% on %o ouéar&ar nido
and ncar ono ond, Thsazniat'ﬁa<uaaﬁ fo fiymly connoot
 tho tubo to tho otondord onmpio oatractor dovico. Tho

¢udbo hao an donor diamotar of oxaotiy 1.0 4noh,

Tao nample from tho coro-cuttor obtainod o 0N
‘plainad boforo was clovly oxtracted date tho abovo motal
tubs oftar firaly oonnooting 1¢ts alottcd ond ta tho aﬁmgln
ontractor dovico, Uhon tho oaoplo omorgod out of tho
othor ond of tho tube, tho soil contninod in ho fubo
wos finichodt flosh vith it¢o ondo and Lo uoed for tonting
ag doperibed lator, |

JeZs3  Toot Proecduros,
Tho proseduros adopted fop tho variows %Sosta aro
brdofly outlinod bolow ¢ -
3.8.9.1 1)} Csiifopnio Doardng Ratio Toot,
The Catifornin Booring Ratlo Tost wog zun &n tho
atandasd monnmoer with o curcharco of 10 1hs and nﬁ a vato of
oirain of'aﬁﬁs inchos poy oiouto, A F ton aﬁnpronaasn 0ot

- Ang aoohliad was uocd,  Lond goodings voro ocosdod ot overy
0,025 inch Jofloolion upts a ¢otnl doficotion of 0,30 inch,
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o toonto vors pun for oach soil typo, Maouro & ahowun

tho gheonntio diagran of lood proceduro.
3.2.3.2 2} ronotrotion Tost Uodng 3,2 Tuch Dianotor Plunnor,

T™hic toot uns aiau ?aniﬁ ths oomo mannoy ag tho
Colifetrnin Bonring ﬁntaa Toot, omecvpt thot indidtial 10 1ibs
&ﬂéﬁ for soating the pignﬁor vas not mggiidﬁ. hor ho
piunan?»tqneacﬁ tho soil a%&tﬁcﬁ, ﬁﬁa.caﬁ?&apaﬁaiﬁa Rocd 4n
saconded no Soro. fﬁi#;prneedﬁrb wao odopted to aim&iﬁta
tho proccsdure in trinuinl toat as 12 woo Antondad to CODPOVO

tho ponoteation tost rosuts vith trianial teot rosults.

. aaaﬂ‘ﬁnud&ﬁgn ﬂuwe rovoprdod ot ﬁﬁﬁr?‘9¢ﬁﬁﬁ inech
dofioction upto n total &@fﬂu@tiq&‘&f 0.5 fnehy Throo
taots wovs sun for onch nodl typo, ﬁ&#tag@n@h\ﬁﬂ, 2
chowp the tost aot uéw |

%.2.3.3 3) Triozial Comprossion Test {Quich Undrainod)

o sampio 3 inoh leng ond 1.3 inch dianotor uno
placed on ono of 1%z Cove _on o porepoeXx dipse about 3/% in,
thicl on ¢ho control podoatnl of tho %xmaaiai coli, A
poropos oap vao plaesd on top. A rubbor monbrons woo
placod dngido o 3.5 ﬁneh; Yonsgth of @h&ﬁaﬁ&llﬁd braoo
tubing of ahagé‘x;?ﬁ ﬁnuﬁ intbgﬁnz‘ﬁiamatnr, and wna-'
turncd Baelt ovor tho ondo, Suotion waa appiiod to tho
opooo botooon tho mcmbrano and tho broos tubo {(with asuth)
uhdoh onpondod tho nombrano ¢o & convoniont sina ¢o silp
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ovor tho oooio githoud fouthing 1¢, Tho onotion enan
rolicascd o tat tho nonbeone contracta on €O o nomplo,
e ondo of w oolwano voo colotoned and oildpned of tho
W cohoone Gtrotohor, | |

Tey pubboy 0 wmga wago o mmﬁmw a’%sr tho

o ol of G braoo mm ehieh vas hold ovor ho uzmﬁe ngam
.. r:&'s&zn %ﬁ zing 0o mwaﬂ off with tho f&na&wa to grip
tme acabyone azotnot tho 1w porapon ddss and tho |

_' mﬁﬂﬁa@ na:g;* Bﬁ!ﬁ&&ﬁﬂ&?ﬁl}?’g A otodntans a&mx Bald eao

| g}ﬁﬁmﬁ au o seating on the cap cmﬁ the arial a&&wmﬁw&
e mmnm w,wn

*nm mmtw g;m aﬂ‘ the ¢0il wao mammy @iﬁﬁm
| cxm !.‘:ha mm, im0 B txs&nn Liveed oo Gho up*mw $4mit
af Mm trond ohilo o tas bofng dono, Tho Sroo wiog
m&a sore  Mohtenod avcai.

A% hln point ol ealuco copo siocod onedcpd tho
oo CoAnCOled ¢4 tho PROCONTO KONZT 00 20% 4n wator fote
- o <ol and o Cop mﬁm Pow m&w anma. ﬁ'ﬁmﬁ é:anr
'.m'&ﬁcﬁ o o mw m Bring tho vator &wa& urn antil
- o et €30 §unt aovorod mﬂ then mﬁ Cap m&m wo oleocd
- pir 50, ’ﬁm e;momm ﬁa ma emw a0 mﬁm )
tho doslred mluﬁ By seans ﬂ&“ s Pood zw*sn

O lacdiny plotfors of ¢ho Coptlax mnahine wno
e rofosd to Dirding o pom eloos ¢o ¢ho Jooding ooDe
Udth tho rom obout 2/0 dnoh abovo Bo complao tho cotor
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drivo vags atartad ot ¢ho rate of 0.05 dnch por minuto
vhiich s the rotoumnomdall yate for quiek undyoincd oo
for Cionibio povoncnt dosien porpason. The disd gongo
an tho proving ring wasn got ¢o zoro. This nuiomatlicolly
somponsntod fopr tho upmmfﬂ theuodt on tho roam doo to tho
fiuld prossuro im tho esli and for any Frictienni drog,
Tho motoy derlivo wan thon otoppad ond tho hond adjustaon
vas acod fo Bring tho oo in contoet with ¢tho top of tho
samplce. Contasd wao &ndicotod by thoe dlnl goupe on tho
provion ping (D).

Tho atrain dial oouse ung gat to sofo by adijuste
Ang tho covablo azm on the pillaor, and tho toot wan
commoneed uolng tho moter drive. Lood roendings woro
rogorded nt ovory 0,025 dinch doflnetion., Thoe tost %s
continued upto o totnl daflection of 8.5 inch,

Thipot tosts weroe gsun for oseh goil typoe for cach
of tho follotwing walues of lotoral prosouro 4n pod, 0, 3,
i0, 15, 20, 30, b0, 70 ond GO, Tho tont sot up A5 wopra
‘aontod in Pig. 5 ond photogzraph 3. |

D22.3.5% B) Tubo Tost.

The motal tubo £41%od with soil onmplo og dope
oxribod bafors wnp plncod on fts faco on a thiock notal
plato ne chown 4n Tix, 6, A motnd dése t/2 &nnh?%as
ploced ovor tho top juat covoring tho gsoil coro, Tho
oooting wao ooroefully ahhoclkod to onsuro thot tho motnld
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dise did aot overlap the ineide edgas of the metal

Axial load from a 5 ton comprossion testing machine
was appiied on the motnl disc at the vats of 0,03 Anch
por alnnte, Load readings wors noted at overy 0,025 inch
deflisction 11 a tetal defiwotion of 0.3 ilnoh was reached,
Thres such tosts were ran for sach soil typo, Chotograph
Ho. & showa the test set up. |

-



CHAPTER « XV

TOHST RESULTS AND ASALYSIS
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CHAPTER ~ IV

TRST RASULTS AND ANALYSIS
5.1 Tus§ ﬁﬁsulta

The rosults of tho Califormin Boaring Rato
Tcét, Ponctration Toot with 1,5 inoh diamotor plungor,
Trdaniol Tosts, and Tubs Tost condustad on tho thyoo
8oilo aro prasontod bolow,

Belod 3} Colifornio Boavring Rotio Togd.

Throo tosts are run for onoh goil ond tho loode
daféﬁmu%ian plots aro dravn for onoh testy Neesssary
corproction io opplicd in onson wvhore tho initial portion
of tho cur vo ghowod dounvard convavity. Thoe avorans of
the corroctod lood vnluea of tho throo toots a&a usod té
dovalop Sho - final plot for the doterminntion of tho
Colifornin Booring Rotio af'aagh.aail; ;rh@~datm are
pgegan%@d in ﬁnbf;a 8,3 ond 4, and corrosponding pleto

QQY\\in Piporco 7, B and 9,

Thoe C,B.R, valuvon of thae £heroo oollis are e

C.B.R, 0of Soiri IXT (Dlondod = 1,82 poreont,
| So43} '

bhate2 82) Ponotration Toot tales a 1.3 inch Diamotop
PRangop.,

Ao in the coso of C.B.R, tosts, load-daforcntion
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values for sach of the three tests on every soll arc
piotted and correction applied wherever required, The
average of the coprected load valuaes of the threc tosts
are used to develop t@n ftﬂ&l loadwdoformatisn plot for
amch s0il, The rasults ure presanted in Tables 5,6 end 7
and corresponding plots in Figures 10, 11 and 12,

b,1,3 3} Triaxsal Test |

| Average of %ood values from three tests for
wach latoral p@aasuv&lara takaen fur éxawiug’tho 1ond-
deformation plot, Tables B,9 and 1G. an&'aar&uapunﬂing
?1&%’-ﬂﬂlvﬁﬁﬂyﬁﬁ-13g 1% and 315 show the #taults of trie
axial tosts on the threo soils in¥ns%&gnt&ﬁa

- Avsrage of ﬁhﬁ‘i@&d valuos from three tosts
for gsach soll are used for drawing the tond-deformation
plot. Tables 11, 12 and 13 and corresponding plots in
Figuros 16, i?g 18  show the results of tubo tests on
the throo soils investigmted,

Y Ba2  Analysis.of Results 3

B.2.3 ‘For the purposs of the anniysis, following two
basic ua@umpéién# are sate, Those are
,4)  As far as the »ffoct of lateral confinement
is conosrned, tho penstration test in a O,D.R,

mould of inner diamoter & inéﬁnﬁ with o pluanger
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1.5 finchos in diomotor may do contidorod 2o bo
38ontionl to tho samo poactiotion ﬁﬂat.#ﬂ'éﬁbﬂ-
rado in fiold,
v $4F Tharo ooy bo a trianial foo¢ vith o corinie valuo
~of lotoral siroos vhopo loodedoforontion curvo
uill bo comparoblo o tho iocd-doformation GUEFwO

of tho ponotrotion 00%,4ov a give~ dofleckon lovel .

. Tho firot asounplion ias Dascd on Sho faot thaé
tho proopury btnuldb dovoloping unddor tho 1,75 inch loaded ayron
at tho contro of tho C.B.A. meald doon net ontond rodiolly
poro thom obous 222 z 2,5 - 1.07 anohoo frem tho
ceatro {31). Thio moons that tho wllo of ¢tho could, buing
3" avoy fron tho vontyo, can havo 13¢tio op no Anfluonco
on tho latoral contindoond for tho topd vonditiona, In

athor voprdo, thoe tost 4o as good os one on Ciold,

I& has boen noted bofore thot tho trianial
%ﬁat oith an a&rnunﬂ fiaid prooouro is oizwiative of tho
fondcd naiﬁ_maua in ¢tho fiold, I, thoroforc, follous thot
£h9 Eaaﬂnﬂafswﬁatﬁﬁu ourvos for tho pomnotration toodt and
tho tZanind tosts have o basio foy comparisan,

,2,2 , "Equivolont Lotoral Stooagt

Ao a mmuns‘ﬁr‘aazaﬂiug hoe offost of 3atoral
cunfinaman§, tho Sorm "Dguivalont Lotopal Htpooo” 4s
introduced, Ao aooumod okovo, i€ 4% 4o posoidblo to idontafy
a trionial tost vith o cortaln dofinito value of latoral
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fFiuld progsure vinoe load-dofogmation curvo is 6amgarabxa

4ov a givew elofleckor lovel.
te tho lond doforuntion curvo of tho peaolrotion ¢ont, that
paréicular valuo of fluld proogure 4o trinziol ¢ost ooy bo
daginnatod ao “nquava1uqt Latornd B@rocn”.' Io @ﬁhér words,
vhatover bo tho prooive moasumo i distribution of tho
latoral oltrosges that dovolsp widhin Cho londod noll nago,
tho abovo valuo of loternil fiuld proscuro in tho triasinl

tont Booro an ocquivalionoo to i¢,

Tor ¢ho purpogo af ¢thio anoiyoio by eomapison
anﬂ,in%o@poig%ian‘of lond«dofornation cupvas, thoe rango of
dofioction upto 0,2 lqea gﬁﬁy ia ¢#ns$ﬂ§raa, It may bo
notad éﬁaﬁ in floniblo pa@cmcaﬁ dooien proctico tho ugunl
dofioction oritorin and 0,1 Anch and 6,2 ineh,

4,2,3 Dotormination of the "Bguivalon® Lataral S¢roan®
Pogr ¢ho Tharoo Solls {(Prom Ponctratlion Toots and
Triazinl Tonts), '

By sompmurisen and intorpoliotion bﬁ%&ﬂ e
1oadedoforantion curvoa of tho ponotration ¢osts and trie
andal toods with various voluoe of latopdl pfogsuran, Cho
.”EqéiVninae Ltatorsl Stross" for cooh sodl fa dorivod as
follovrsy

k.2,3.13 Dguivalont Lotorsl Stpogs fop Soil T (COHE Sodl).

. The locd-dofornatfon supve fob tho poactration
;4$§Ga$ ghoun in Pipuro 10 i intorpopod omung tho oot of

. cupwog for thoe trianial tootn for varlous voluon of Latawnl
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£1uid progouros ohoun in Tlgurs 13, Thio 1o procontsd iAn
Piguzo 19,

v T% 48 found fyom Pipuro 19 ¢that thowo 40 oo
ginclo triazidal tost with o dofinilo voluo of latoral fludd
prossurs vhoesoe loadedoformntion cupve S8 Sdontical 46 thot
of tho panotrasion tost, Thio 1o for ¢tho obwious roason
thot as in any of the teianinl toot tho latorsl fiuld
progougs 46 hold congtant, $he latoral ustrossos in the
1ocded soli madgs fn o ponotration oot goas on %ﬁewqaazﬁﬁ
2o tho wortionl Yoad inoxonoos, The objootive of tho
study, ¢horoefore, is limitod ¢e tho doterminaiion of tho
- appronimate valuo of Lguivalont Latosal Sérons for the
romio of doflootionn wood An dooksn practico, namoly 0.1
to 0.2 4nch, Tor thto rango, tho logd-doformation curve
£fal1io oloorly botwaon ¢tho load.doformation cugvos for
Loteral fiuld prossusos 20 pst ond 30 psd in trisnial
toot, It 4o nooror te 20 pot ot 0,1 inch doficotion rango
ond to 30 pei ot 0.2 inch dofloetion pango«

Tho value of 30 pod is suggontod ao tho
Bquivalont Latoral Stross for Soil T (CBRY Soil).

4.2.3,2 Baulvalent Latorol Stroos for Sodl XX (Pluo Soil),

Tho load doformation survo for tho ponotvation
tood ghowm 4n Pipuro 11 o dntopposcd wong tho sot of
curvos for tho trianial teats for various voluss of Iotornl
flutd prossuros thoun in Mguros 18, Thin &8 prosontod in
Plhguro 20,
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£1uid propouros dhoun in Tlguro 13, Thio 4 prosontod in
Piouzo 19,

v 2% fo found fyom Figuwro 19 that thowo 10 no
ainglo triosial toot with a dofinito voluo of latoral fludd
prossuro vheso loadedofopmntion cumwo Lo $dontical ¢6 thot
of ¢tho panotwraticn tost, Thio 4o for tho obevions ronson
that as 4n any of tho trtaninl toost tho lotopral fluid
. progouro 1o hold conatont, tho latoral utrossos in the
Tonded noil maop in o ponodintion toot goos on ineronsing
a9 tho vorticnl lond Ancrocoon, The objootiva of tho
stisdy, thorafors, is linmitod ¢e tho dotermination aof tho
sppronimate valuo of Dguniwvalont Laterni Strons for tho
ranpe of doflostionn uoed in ﬁﬁﬂiﬂn.ﬁ?ﬂﬁiiﬂﬁgfﬂamﬁi? 0,1
to 0,2 inch. ¥Tor thio pongo, tho lond-doformation curvo
fallo eloarly botwaon ¢tho load.dofoymption cuzrvos for
latoral fiuid proooupos 20 ﬁsi and 30 pod 4o Crinnio}
tont, Xt 4o noaroy to 20 poi ot 0,1 inch dofiostion rongo
ond ¢o 30 pai ot 0,2 inch dofiocotion pango.

Tho value of 30 pod 48 suggostod as tho
Equivalont Latornl Stross for Soil I {CBRY Soil).

B,2,3.2 Baulvtalent Lotorol Stroos for Soil II (Pluc Seil).

Tho Yoad dofercation eueve o tho ponotwration
togd ohowm 4n Piguro 11 4o intorposcd cmong tho cot of
cugvos for tho triazial tests fop vorlous valuos of Lotoral
fluld proscuros chwen in Figurae 1, THio %o prosontod in
Mouro 20,
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Por the deflection ranges of 0.1 inch and
042 Snch the load-dsformation curve of the psnstration test
1ias Hetwsen tho load.deformation curves for lateral fluid
presgures of O psi and 3 psi in the triazial test, It 1los
very close to the 5 pei curve in tna ﬁg2 inch defisction

TR TS,

The value of 5 psi i3 sugcestod as the RBquivelient
Latoral Stress for Soil IY (Riue Soil).

¥:2+3.3 Eguivalent Lateral Stress for Soil IXIX(Blended Soil)

The lead«leformation curve for the penstration

teat shown in Figure 12 is intorposed smong the set of
ourves for the triaxial tests for the variﬁms values of
iaternl fiuid prossures shownm Lo #&g&wﬁ 13 « This is
pressnted in Figure 21.

For the dsflestion ranges of 0.1 Anoch and O, 2
ineh the load defbmmntian curve of thq‘paaétr&tinn tost
liex belwoen the load-deformation curves for the latoral
fluld pressure of O pesi aad 5 psi An triaxial test, Xt is
vory olose to the 5 psi curve in tﬁﬁ-ﬁﬂa inch daflection
range, |

The vake of 5 pal &8 sugeested as the Equivalent
Lateral Strass for Soil IXX (Dlended Soil), |
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3,2,3.6 Accapding to tho annlyoks dovolopod in tho
provoding pasos Mw 4o olony Zeom Pilpuroc 19, 20 oxdt 23
that the Sguivalong Latorol Stroon dovolopod in oabdsrado
undor voptieal lIeads 1o o Punction of tho doflostion Rovol,

Tho ¢rond of tho obovo ploty soomo to imdicnte thnat tho
Bgquivaicnt Latoral Strons will o on Ancronsing vith
dofioction until 460 pooodblo onticun walug aay bo atialned
whan fasiupo occurs undor tho ponotpation Couls Ao montion.
od Boforo, 1t moy bo oboorvod that tho u@aﬁmi ut@y ig
1imitod to an onalyplo of tho offoct of latornl confinomont
uithin tho doflostion Bavol wocd dn flonibio pavoenmont
dooien, nemoly o 0,1 dnch ond 0,2 Anche

Tor ony glvon valug of éﬁﬂﬁntmn; the Baguivalont
Latoral Stroon will ﬁupém& upon the faotops that contribulto
to latorol confinamont in oubgpredos. &o hao has:}n axpladinod
in Chaptor IX, tho tudbo topt, faw piven soll conditiono,
voprogont thy vazimas ponsslidlo dogreo of latiral contfinde
mont, aithoush usattainablo An ﬂam; Lﬁﬁ-mafﬁmﬁinn
cupvaes of tho tubo @gw of all thoe throo codio 4liunotrato
o common pattorn, ?iwq/my&mw s atoop rioo of lond 31X
a dofioction lovel of m@ 0925 inch, Thon tho rote of
1oad incroaco slovs doun for a amall pongo upte o doficee
tion pongo of about 0,1 ine&, boyond vhioh tho locd s rige
1o atoop and otosdy., This sonmsn pottorn of lsad-dofoerantion
cupras of the throe :sai:w."’m# ba axplained ag follown
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B2 3al Acoogding to tho analyoldo dovolopod in tho
protioding panos M}V ic oloayr foun fim&a 19, 20 andl 23
thas tho Dguivaliont Latorol S¢roos dovolopod in sabdarado
undor vortlieal 1oads 13 o Punciion of tho dofisction lovol,
Tho ¢rond of tho abavo plots goons to indicate that ho
Bquitnicn? Loatornl Stirosns ol po on incrfonsing with
dofiootion until i¢s posolblo oanieun valuo may bo atiainod
whon falluto cecuys undor tho panotenltion toot. Ag montionw
ad Bofopo, 1% may bo oboorrod that tho @F&ﬂﬁﬁﬁ nt&ﬁy o
14oitod to an analyolo of tho offoct of latoral sonfinomong
uithin tho doflootion Bovol uscd in fionidlo pavenont
Goaoden, noemoly , 0,1 inch ond 0,2 Anche

For any givon valuo of @aﬁ&an%ian; tho Banivoliont
Lataral Stroons will dopond vpon the factors thot contribulo
to latoral confinamont 4n sudbzrado. 4do hao bﬂﬁn-ﬁ%p!&&#ﬂﬁ
in Choptor IX, tho tubo Sont, feor sivon sofl conditiono,
roprogont thy maximon possiblic dozroo off latoral confince
ment, although unatiadnablo in Clold, T@agbnaafarmq%ﬁon
cupvas of ¢tho tubo toagts of alli tho ﬁh;éa sodilio illusteato
0 conmmon pottorn, ?ﬁav@ﬁgﬁa&nr 8 gtoop eino of lond 31X
4 dofloctlon lovol of about 0025 inch, Thon ¢ho wato of
load inopoaso plovg doun fopr a gmnil vango uplo o doficte
tion rungo of about 0,1 imﬁ&i boyond vhich tho lood s risc
A3 géoop and otoady, This scocmon pn@taﬁn of load-doforntion
cupves of tho Ehxna»auina*may;hm onplained ag follown ¢
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At the start of the isading process, the load is
reaisted both by intaruérunnniar pressures as well as ths pore
water pressure, the drainage being 1ittie at this stage.
This stage is repressnted by the initial steep rise of the
curve, Dut sson the precsss of drainsge sets in, and is
accelerated as the s0il grains get compressed, This acce-
1srated yelsaso of pore-water sffscts a reduction in rate
load inorease. This process guickly ceases to have domiw
nating effect as soon as the inter grunﬁuiur‘eoneacts af
soil grains beacomes greater, The contimed load Lincrease
depends for the most part on the resistance offered by the
tntanugrnnnuiéf prassure and very little on pors-water
pressure, which continues tp deain out all the time, This
interegrannuiae pressupo is gsontributed hy the resistance to
vertical settlement and also ths lateral confinemsnt of the
sodl.

4,2,5 T"rercent Lateral Confinement”,

For any given deflection, say 0,2 inch, the cerres-
ponding fead value of the tiube test is a messure of the
mazimum pessible mebilization of the effect of lateral cone.
finement, under given soil conditions,. This load wvalue may
be said to corvespond to 100 percent.lateral confinement which
ean be sxprozeed in terms of an Equivalent Lateral Stresa,

Similariy the load value corresponding to 0,2 inch
defiection in a triaxial test with zero latoral pressure
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may be sald to carrospind to soro peroent fatsral confinew
ﬁmﬁﬂhﬁna& Trquivalent Lateral Stress” value is Cere,

7 Xn sotual field, the subgrade will have an
Eguivalent Lataral Stress in botwesn zoro and that
corresponding to the 100 poreent latorsl confinement, It
18 possible to determine the abowo three values of Bgule
valent Latowal Stross. Having defined tho soale of zoro
to 100 percent of Jatarsl confinement in tormns of Bguiva~
~ 1ent Lateral Stressss and knowing the valuoe of the
Eguivalant Lateral Styess for tho subgrade, 1t is possible
to exprass the Bguivalent iatoral Stress of the subgrade
ad & Porosnt Lateral Confinement,

4.2,5.% TDotarmination of Percent Latersl Confinensnt
of & Soi)l for Given Doflaction,

A plot ia developed with Xoad valuss va
1atersl pressores for the given defleotion, say 0,2 ineh
‘For soil I {CERI Soil) the values are read from Table 1b,
and the plot L8 presented in Figure 22, In developing
thia plot, lateral pressures whioh give walunes of correse
ponding loads higher than the load ot 0,2 inch deflection
in tubo teat ars neglectad, since thay are not to bo cone
sidersd in the scale of coro to 100 porcant, lateral cone
finemont azplained sbove. A nearly styalght lino plot is
obtained,

The load @ﬁﬁﬁ&uﬁﬁvtﬁapﬁﬂﬁﬁﬂg t 0,2 inch def
1eotion{read from Tablo 11)4n Suks test L8 marked on the

"
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Yeotzha, Tt 13 projociod on the oxtondod atenight 1ino
piot,. This mootine point in projootod down on thoe X-nsis,
?hiﬂ‘ﬁ@ﬁﬁ@g.ﬁu rond on tho Xeaxis {(otrogs soolo), plivos tho
volue of Bquivalont Latora)l Steoso in pol oorsooponding to
100 povaont latoral confinamoné, The Pogtont Latoral
Confinomont Soale Lo now moyked for O to 100 porocaat,
Hoving dotersined tho Equivoalont Latorol Stroso of %ho
subzrade, 4t 1o ontorod on tho stross azis and prejoctod
on #ho Porsomt Latoral Confinamont scato, Thin waluo

aivos tho Percont Lotornl Confincmont of tho subgpade
for tho givon dofiootien,

<7 Tho abovs provodurd any bo fllastrated an
follows te

Pipugo 22 vopyogunts tho load v latorat
. stroso for doflosction 0.2 inch for Soil T (CDDT Soil).

Thyy Lood corposponding o 0.2 inch

dofiootion in tho tubo Yoot »  155.6 ibn
Bguivolont lotoynl strogso eorrooponding

to 100 poreont latoral confinomont, = 423 pold
Rgquivslond Lotoral Strogs of Seil X |
{opRx soit) o 30 poi

rapount Latornt Confincomont of Sodl X

{OBRY Seil)} for 0.2 dnch dofloctior S0 %300

Bz.5

10%5F o

w 70,60 popoont
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Yeania, It Lo projoctcd on tho oxtondad otrnight iine
plots. Thio mooting poilnt in projoctod dowm on the Xeasls,
?hin‘pbiue,.ﬁu rond on tho Xeasio (atrocs gonlo}, glivos tho
voluo of Bquivolont Latoral Stroso in pol corpoaponding to
100 p@fﬁﬁﬂt latoral confincomont, Tho Portont Lotoral
Confinomont Sanlo Lo now movked for U o 100 porccnt,
Hoving dotoerainod the Bauivalont Latornl Stroso af tho
sabzrada, 4t 4o ontornd on tho stross axlds ond prejoctod
o3 tho Poreont Latopral Confimomont oealoe, This wnluo
givos the Paycont Lntornl Confincmont of tho osubgrodo
for tho zivon doflontien,

Y Tho abevs prooodurse mnay ho {llastrated an
Poliovn te

Figuypo 22 roprosoats tho Jond vs lotoral
atroase for dofloation 0,2 fanch for Soil X (CONY Soil).

Tho Lood coprosponding to 0,2 dach

- doflootion in tho tubo tood a  153.6 ibo
Baudyniont lotownl stdong corsooponding

to 100 poweont latopral oconfinomont, # 52,5 poi
Equivalon® Latoral Stroacs of Soil X

{onRx soki) - . 2 30 poi

Papoont Loatorn}l Confinomont of Soil X

{ORRY Spil) for 0.2 inch dofloction lovol o %33_, z 100
336 2

=  70.60 poroont
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Similairiy from TabDles 15 and 16 and corres~
ponding plots in Figoves 23 and 2% for Soil I snd Soil IX
raspoctivelp, |

Toreant Lateral Oonfinoement
of Soil 1T {Bilue Soii} for 0.2
- Ancly deflection level - 6.13 peroent

Percent Latesrsi 'cmf‘.inmmt of
Soil 11X (Blended Soil) for 0.2
inch defleoction level. = 5,85 percent

- gL -
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CHAPTER -~ V

APPLICATION OF TEST RESULTS

5.1 ' The results of the present study have certain
direct applicationsﬁn flexiblepavement desigﬁ. These
are explained below ¢
5.1,1 1) Determination of the Modulus of Elasticity
{E) of Subgrade Soil :

.. The value E is made use of in the Kansas
design method for flexible pavements to ac@ount for the
strength of the subgrade, To determine E, an undrained
triaxial 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 pleot,

‘/fhe value of lateral pressure used in the
triaxial test is 20 psi for all types af'sails. In
other words, the Equivalent Lateral Stfess due to the

effect of lateral confinemont under vertical loads is

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

The rasults of tﬁe présént study, however,
show that the value of Equivalent Lateral Stross is signi-
 ficantly affectod 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 IIX
(Plended SoilP. It may, therefore, be suggested that in

a triaxial éest for determination of E of soil I, Soil II,
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and soil XYY, ths Iateral fluid pressures o be used
should bes vrespeotively 30 psi, 5 pedl and 5 pai,

Y  Thes method of caloulation of & ia indicated in

Appendix IYI, part A,The valuos of £ corrssponding to

the atandard ilatere),; pressures (20 pai) uﬁci ths snggestod

value for siach soill are ‘euthxg‘m:tm in Appendix XXX, part B,
| Jland presented in Table 17. For esch pressure, T valves
are calculated at doflection levels 0,1 tnoh and 0,2 inch,

assuning the soil to be siantic over this range. The

stesases wro calenimtad for the effsotive vross-zection

aros of the sample at the respective defloation Yevel,

Thus there are four £ valuss for sath soil,

-V As may be ssean from Tabis 17 for any given
defiection, the valuos of B for the atendard walue of
fateral pressure {20 pal) and ﬁw suggostead value of
interal pressurs show a marksd range of variastion,

For instance, far soll IX {(Blus Soil) at dolflection 0,1
ineh, the valus of B corrvesponding to the standard Iatsral
pressure {20 psi) &s 4355 psi where-as that coressponding
to the actual Bguivalont Latersl Strass  €3 pei} is only 2e
pel, |

This variation fn B value tas & marked infline
ance An the dosign thlokness of flexible pavemant as
explained Helow, '
5.1.2 2}  Design Thiokness of Plexiblie Pavement

Avcoxrding to Eansas DNesicn Mathoed,
"The Kaneas desien method using triaxisl test
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.

- gecounts for tho affaot of 1latoral confinomont in

aubgecda by opplying o latornl fluld prosouso of 20

pol in tho triazinl tonting of oubporodo soils, Thoroforo, |
thin donign mothod is usod in tho pragont pﬁ@;}oﬁ.’:’ to 4o
aind tho pavomont thiclnoeosos for thoe otandord voluo of
latoral prosauge for tho thrao sodls. Tho poonléo oxo
ngod for comporitive otuds.

. < Tho aothod of dotasraining tho dooirn ¢thiolmono
A2 omplaincd in Appondin IV rore A, |

eoleviationo for
Appondin IV, part D pyosonts/tour valuoo of

docipn thicknoagon for oseh ooll ¢ype coprasponding to

tho four valuus of B, Tho rosults nro pﬁdﬁn@@cﬁ fn Toblo
17. It is goon that for ony doflootion lovol, tho voriw
étmﬁ- in ﬁhﬁ.—ﬁiamaaﬁﬁ botuocn thooo @qergwﬁang to tho
stondard value of latowal proosuro and susnonted vnluo

of latoral pragoups 1o romarkablo, Thic is portionlosly

86 in tho sovo of Soil I (cBri zmui ond Soll XI. |

(Dlue ot So41), A dfagrommtic yoprogontaticn of tho
vwﬁntioﬁ in thicknopaon 4o progontcd in bhar ohasto

An Tiguzoa 25, 26 and 2¥, |

Seled CB.R, of Subgrado Soil Noladted ¢o Voyriation
of Donkrm ™Thielinoaa,

Tho porcontaze varliotion in thiolnoos CoPrroo-
ponding ¢o Bguivalont Latosok Stroas over tho thiolmona
soprocpending 4o tho stondord valuo of 1atornl progoure
{20 pad) 4o eoloulatod ns shoun in Appuondiz ¥ and
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and prooentod in Tabdlo 17,

Tho poreontago variation in thiclmons as

plottod onuintt CB.R., valuo of 0031 as ohown 4&n Piguro

23. Tho ploto fopr bolb doflootiono of 0.3 inch and 0.2 inoh

4xo nooariy oinilor ond follow olodo ronposs Thoy erooo

.ﬁho zoro 1ino (T«aaio} 4t o C.B.A. fango of about 2.

ito naturo of thono plots Snddento tthat

1)

44)

143)

Tor codls hoving C 0. R.vakuog loso ghan oboud

2 porsont tho roquircd thiocknoss of ¢tho pavomont
is grontor than that odininod Dy uaing tho otandard
voluo of latornd proosouroe {20 pni) in tpiazinl
tont. In othopr worda, tho Bquivalont Latoronl
Strons for colils having C.B,R, valuo loao than
about 2 poreont, 4o looa than 20 pol,

For ooilo hoving C.B.R. valuos graontor than

about 2 pogpoont, tho roguirod thieclmoso of tho
pavonont ia logo than that obtalnod by usine tho
ostandodd valuo of latoral pronours (20 poi)

in ¢rianinl toots In othor vordn, tho Equivaolont
Latoral Stroso for ooldls having C,D.R. vnluo
groatayr ¢han about 2 porsont 4o groator ¢than 20 poi,
For godlo having C.RAR, volno around 2 porcontg,
roquirod thicknoas of poavenont 3y tho oomo an

thint obtainocd by uning tho otandapd valuo of
Latornl Pronouro (20 pol) in tho toiandal ¢oad,

In othor wordo, ¢tho Dguivalont Latoral Strooo fow
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antl prooontod in Toblo 1Y,

Tho porsontago wvarialion in thiochknons as

plottad anninot C,B,R. valuo of 6oil as shoun dn Tiguro
a3, Tho ploto for Both doflootiono of 0,3 inch ond 0.2 inoh

Awo noariy oiniiosr ond follov 01000 FONIOD. Thoy erono

'the sogo Jino {(Teanisn) at o ¢,B.A, range of about 2.

o anaturo of tthoao plots dndicoto that ¢

1)

41}

aga)

For sodic hoaving C.R.R.vaiuoo looo ghon absud

2 poroont tho rogquircd thiecknoss of tho paveaont
15 grontor than that obininod By using tho otandard
wolug, of Aatornl proaoure (20 poi) in ¢triasiol
¢oot. In othop vordo, tho Bguivalont Latornl
Stroon for soils havAng C.D.R. voaluo Looo ¢han
about 2 poreond, 4o laoa thon 20 pold,

For oollo hovwing C.B.R, vtluon proator than

about 2 poroont, tho poquized thichknono of tho
povomond 4a lono than that obltalned by voing tho
standadd vaino of lotoral proncursc {20 pol)

in ¢rinnial tonts In othor coapdo, tho Equivalont
Lotoral Straoco for colls havdng C.D.0., valuo
groatoy ¢han about 2 porsont 40 groator than 20 poi,
For aoilo having C.0.R, volue around 2 poroont,
required Wleknoss of pavonont 4o tho oumo oo

that obtoincd by uwoing tho oiandord vnino of |
Latornl Prognuro {20 pol) in ¢ho triantal toot,

in othor words, tho Dguivhiont Latoral Seroon for



soils having C.B.,R, valuss sreund 2 peroont
is 20 psta‘.

5:1.4 Oroup Index of Subgrade Related to
Variation of Destign Thickness, -

The percentage variation in thickness is plotted
against G,XI, value of solls as shown in Pig. 29,
The plots for both deflisotions of 0,1 inch and 0,2 inch
are nuariy similar and follow oclose ranges, They cross
tho zevro iine (a«axi&} at a G,I. value of about 7,30, The

nature of theso pjots indicate that ;

1} Por soils having G.I, greater than about 7,30
thm‘r&qusrqd thickness of the pavement is

greater than that obtained by using the
standard value of Iatersl stross (206 psi) in

trinzial test, In other words, the Equivalent
Lateral Streac for aaiié having G. X, groater
than about 7,30 is less than 20 pai. |

14 }  For soils having G.Y, less than sbout 7,30
the required thickness of the pavement 1is
less than that obtained by ceing the standard
value of lateral prossure {20 ppi) in trie
axial test, In other words, Bguivalont
Latersl Stress for soils having G{I. less than
7+30 &5 greater thqn'aa‘puxg

$84) For aoils heving O.X.around 7,30, the rqquiﬁoa
thicknesa of pavement is the zame as that
abteined by uvatng the standard valuo of
1atarnl praessure (20 psi) 4n the tria:in&‘
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togt . In othor vorda, tho fquivnlant Latoral
szicua for oolilo hoving G.X. aramna‘7.30 3o 20 pot,’

5¢4.3 5} Clasoifiostion of Soils Davod on C.B.R,
and G.I. Valuos
Tho proocoding annlysis would show thot osodln
boving C.B,R. valuoo of tho ordor of 2 porcont pnd G.X.
valuoo of tho ovdor of 7,30 aro of daclc sipnificanco in
€hio approach, It ooy go obsorvod thot éhu plot C.B.Re va
Gefs prosonted in Pigupro 30 ahbua CuBDuRe 2 poroont on

Wi
cquivalont ¢o o G.I, aiﬁnAéger 7«3 nomoly, 8,

Thio providos us wvith o hosis to olasolify
soilo into throo basie oatogories for tho puipooe of
application of Hanpas Dooign mothod, Thogso throe entow=

go2ios ave

G‘Wllp X

Soils hoving o C,B.R1, of around 2 poroont op
G.1. of oround 7,30 poraont, for Shoso solils tho Kanaons'
Doadpon mo@hnd ‘wiﬁn a latornl fxu&& progouro of 20 poai
for triaztol togt ip applientio,

Group IX,

Soils having C,B,R, voluos bolow 2 poroont op
GeZe aBOVO 7,30.For thooo solils tho Ransas dooign ciothod
with latornl prossuro of 20 pod dn ¢riazial toot will

voosuld 4o undogedooina, Tho latoral procguro to bo used
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4a dono ¢than 20 poi. I tho latarol progouro uood Lo
20 poi, ¢ho doosign thicknoss obtninod nocdo ¢o bo corroctod
ao indicated in artislion 3.1, 6.1 and J,1.6.2.

Group 2XX,

Seilc haviop C.B.R, valuoo groatoyr than 2 poroond
or 3.E. loos thon %.3&; FPor thooo polis tho Ranoog dooign
nothod tith latoral proscuro of é@ pod 40 trianial tont
wiZd pooult in ovorsdosipn,. Tho lateral prossuproe to bo
uwovd 40 groator than 20 poi, ¥¢ tho intornl progsuro uood
10 20 pod, tho deoign hieknons obtadnod noods to bo corew
ootod Ao indlicnted 4n artiolon 5.1.6.3 and 5,1.6.2

‘5; 1.6 6) Coproation to Dosign Thicknons 1

Tha onpaaimantal gwaﬁaaaaa invelvoed in tho
dotaraination of un&vnlant Latoral Bt?aaa of 0 ool aro too
dolfento and ¢ino aqﬁuumiaa 2o bo appiicd in pirasticol desipn
wvork. XInotoad tho prosont proctieo of using 20 pod ao
iotornl pronsuro {now dofined ad Gguivalont Lotopral
Strooo)  oay bo gotainod, but o corroction to tho thioknosso
o oblainod oy bo appllod, This io intondod to nolo tho
doolan thiclmoos roniistie to tho actunl Gauivalond
Lotonrsl Strogo of ¢ho 0odl wvhiloh nighe bo Qifforont from
20 poi. |

Tho plets pliving poroontogo variation dn thicknooo
vorous C.B.Rs and G,JX, of collo prooontod in Figuro
23 and 29 provido o ofoplo basis Tor tho cowroetion,
Tho thiolnogs of tho floxiblo pavenont ( T Anchos) io



37
determined fram Kansas ﬁnsign method using a lateral

pressure of 20 pal,
5.,1.6 {a) Correction Based on C.B.R,

The C.B.R, of the soll Lis determined, If.
this valve falls around 2 percent T nesds no correction.
If the C.B.R,value tmlla.hotow 2 +$hs corresponding percent
inoresse in thickness te De added to T is directly reod
from plot for the given defisction in Figure 28, Ir this
is & percent, the corrected thiokness of pavoment is
T+ Tx /100 7T {2”&-tf§66) inches, Similarly,
the thickness = T { 1 = t/100) inches if the O,D.R,

value is greater than 2 percaokt,
H5ela6.2 B) Correction Based on 0,1,

The G.I, of the soil s doteymined, If this
véxun falls around 7.30 T nesds ne corvsction, If the
a,I. falls above 7.730 the corresponding psscent increase
4n thickneas to be added to T is diresctly read from plot
for tho given deflection in Pigure 29, If this ia t percent
the correoted thickness of pavemsnt is T 4 T x €/100
w T {1+ t/100) inohes. Similarly, the thickness
» T (1 = t/100} 4inches if the G.I. of soil As less
than 7,30, | |

5.1.7 7) Design Doflection Criterts

It has beon shouvn that the percent lateral

confinenent mobilised to resist vertical loads inoreases
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uith dofioetion lovol, Nor aconomic connldovations 3¢ |
w111 be noconsary to dofino tho doflostion dasignn erdtoria
in ouch o wvay that tho highood pe?}.'g'ﬁ;imd dafiontion lovol
uvithin tho rongo of olaotic {or noaply olootioe} bolinviour
of noil bo choson, This wiil onguro tho mobillontion |
of o conoldoroblo caount &f Popoant Lotogoi Confincoont
and thuo rosuit 4n a@nmﬁé &aas,gm thioknoon, 7Tho dofivc-
tion lovols of 0,1 fnch and 0,2 inch thich aro tho prosont
dofloetion ordtoria for docign may ney bo oncainod in thio
contont, |

5.1.7.3 o} Doflcotisn Critarion of 0.1 Inoh,

¥yom plots prosonted in Piguron 19, 20 ond 2%,
it may bo goon thot ¢ho toad doformation curve for Subo
tont has enly o vory smakl riao al:véw the foad-doforatye
tion curvo of tho @mmx toast vith soro :&m&r&. PRGSoUTD
in tho deflootion rango dpto m:z .a“"“" Thia indieaton
that at 0,1 inch doficetion lovol anly o vory omoll
Papeent Lotoral Confinonont 4y mebilised $o rosist vortissi
loando. It nay be oald thoat tho load is nestly cnrriod by
thoe 'tahwmmgamﬁacﬁ pottiomont offorod by the subsrado,
This impldon that 0,1 me& dofiontion fo & eoncorvativa
deaim eritorion uhich nicht rooult in ovor dosipn.

541472 b} Poflaotion Critorion of Q.2 ineh.

'mtzc ploto provoated &n Plgare X9, 20 ond 23, |
§t may bo ococn that the load doformation curvo for 4ubo goae
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has o warhod rioo \dmn tho losdedoformation ourvo of tho
trianiol taol with goro pod latowral pronsupn ot tho 0.2
finoh doflootion lowel, This indicatos that nt 0,23 fnch
gofloatlion dowwl o conoldaorablo Poreont Latoral Confinde
mont ia moblliced to roolint vortieni loads. 2t oy bo ondd
thot tho roolotomeo ¢o latoral dofopaation of oubrrado playn
a etnoidorablio volo olonpg vith popintonco %o voptieni
dofornntion in rooioding tho wordlont leond., This fcwifos
that u}..a :ina!i daficetion 3o o ooro oeononmie dondmm ordtorion
thon 0.1 inul and poouldin in a coallor footor of aafoby,

In tho proeoss of dosion the relo of poreont
Latoral Confinoment 4o incorposatod by maling voalisiie
choton of dofloetionc oritoria ond tho vnlus of Hquivalent
Latoral Stroos 20 Bo uoed in tpiasinl tost for dotosnifnge
tion of ¢tho vnluvo of #. Jor o given doflootdon levol,
the highor the valuo of Bautenlont Latopsl Btproago uood,
tho hizhor tho porcant Latorol Confincoont oapoatod to bo
avadlobio. Thio aaphaoizon thoe nood fop ronliotic ovalue
ntdon of Hguivnlont Lotoral Stross Cor tho oubprado soll
for dooion. |

Plotn in Piguros 28, 27 andt 2L  and Tablo 37
prosent tho Poroont Latopal Confinoment ot 0.2 inoh
dofhontion for tho ostondard values and cuggooted wnluoo
of fotoml provsurcs for tho throo soilso, Vor Sodi I
- Pomecat Latorol Confinanont 4o only b7 poreont for tho
standard valuo -.mf tatoroal prossurs (20 poi) uvhorcas 3¢ i
70,6 porecat for tho sugpontod walue of Latorol Prosourd



(30 pod), Corrosponding doolgn thioknoosoos oro 15,00

inchos and 12,13 %nahan,.on tho othor hand fer tho othop

¢eo soils in wvhoaoo onoo tho osuzgootod walwo of iatorn}
proocuroe 40 only 5 pod and tho coppotponding porcont

Latepal Confincaant for Solil IX ond Sodl IZT oro 6.13 porsont
and 6,85 poroont , Corposponding valuon for tho standozd
valuo of xotéxaa‘pwnacnwa (20 pod) aro 24,51 poreent and
27.5 povcont, THo dogimm ¢hictnoos shovs coplkod incronso
uith doepcaning Poproont Latoral Confincmont 4n tho ecaso of
Soil I, It 40 23,10 4nehoo ond 14,72 inehot roupootivae
Ay for tho ouggostod voluog of Latoral prosoure for to
26810, as asoinst 19,00 and 13,67 inchoo foy tho stondoed

THIUO,

Viih o highor woluo of Bquivalont Latognl
S¢rass tho Porsont Latoral Confinomont availablio 1o
highor, Sinco RBauivolont Loteral Stross ineroanscs with

tho doflostion lovol, tho 0.2 tnch doficotion ordtorin
Poouitn In g&oamor wtilizosion of lotoral confinoaont and
thug yooults 4o oconosy ia doolipn thiolknoss oo ahﬁﬁﬂ

in Pdnugon 23, 20 ond 27,

3.3 Thuo thio dipeusoion demonotiratos tho polo
of intorol cenffinoncnt in subdsrado undop voptical loods
and 43Xeoteatos ito upplication in tho daondgn of floaiblo

pPOVCIAnEH,

i



CRAPTER « VX

CONCLUSXONS ARND SCOPE FOH FURTHHER
WORK



by
CHAYIER » VX |
. COTICLUSIONS ARD SCOPE POR RFURTHBR YORR
6.1 Bagod on tho ozporinontoal invostinotion carricd cut
Gnd tho various aosmuptions mado in tho courno of dovelop-
ing tho analyoio an eepogtcd horoin, tho fallowing conolua

adong aro dravn ¢

6.3.1 1) Tho affoot of latoral confincaont in oubzpado
undor vortionl loado fo o odsmirficant foctor to bo Qolkon

into aoccount in tho dosign of fioxiblo pOvonOnto.

nﬁalga 2) Althoush tho oxnet distribution pattorn of the
iatoral atrona-davuiﬁping‘invn‘uubgwuéu undor vaf&iuni
londs io no% knowm, &%-iu‘poan$&$u’%aaavnxuatq an
Equivolont latoral Strons for known condltions of lead and
dofloction, | "

6.3.7 3) Tho wvoluo of Bguivalond Laotornl Stroos vorios
with coll typoo.

6,3.0 B} Tho valuo of Bquivniont Lotoyal Stroan of 20 '
psi uood in trinxial toot for tho dotormination of tho nodue
1us of olootlodty o not opplicablo to oil coil typon,

6,1.5 5) Eur-dﬁi}avhn?iﬂg o G;ﬂ;mg ayound . 2 porcont or
Oroup Indom oround 7230, tho $Qﬁivdlen%.£ntarﬁx Stross of

20 psi 4o applicoblo, MHonecs fow thooo goils tho dookan thicl.
nosgos A obtainod by tho curzont praatiba of uanﬁas‘éaaign

mathed ore sotisfoctory,



b2
6,1.6 G} Tor soils having & C€,B,R, below 2 Group Index
above 7,30, the Fguivalent Lateral Strass to be used in
"%riaxisi tast for Kansas dosign method Ls lower than R0 pai,
If 20 pst is used, £t resulis in under dasign., The variations
in the desipgn thicknesses were 41,30 porcent and 32,10 percent
foxr design zxitesk deflection criteris 0.1 inch and 0,2 inch
rusptcttvwiy¢ in ehd cass of saii IX (Blues %Soil), as given
in Teble 17. However, & method is indloated to effect &

correction for the thickness so obtained,

$.1e7 73 For moils having a €,B.H, shova 2 or Group Index
below 7,30, the Bguivalent Lateral Stress to be vsed 4n
triasial test for Kansas desizgn method &s svroeater than 20
psis TIf 20 pel e used, &t results &m(av&rmﬁaﬁign, ™he
variations iﬂ'ﬂiﬂigﬁ %uiﬁkntia#a,waru 2752 percent and 19,1%
paroent for design doflection eriteria 0,1 fnch and 0,2 inch
respectively, in the oase of Soil T (CHRE Sotl), as given
1n‘?hh¢m,x?; Howewsr, a method is lﬁdi@gt&d to effact a
correction for the ﬂh@a&n&u& 8o abtained, |

61,8 B} With a deflestion oriteria of 0.1 inch in desimm
the role of lateral resistance to displacemsnt in soils in
carrying vertical losds is dusigniffomnt. The mabilisation
of the offsot of latersl vonfinsment is more pronounced with
& deflegtion level of 0,2 tnoh as duuian.ﬂiiﬁawiuu.

6.8 The folbwing problems are sugpested for fuprther
axperimental study s

T | »Iﬂ the present investigation tyiasial tests were
performed with latorsl pressures of 0, 5, 10, 13, 20, 30, bO,



——

%3

30, ond 60 pod, T¢ 45 gsoon fom Figuros 19, 20, 21 thot
for n morc oecuralo ovaluation of Equivalont Latoral Stroso
by cocparison and inéqrpoxaﬁaéﬁ botuoon loond-doformation
gupvon of ponotration toot and triozisl toots, it 8 nooocoopy
to havo Grianial ¢osto dota for ologor &neokvasu of latornl '
prooouror thon the 3 pol and 10 poi Antopvolo wood in tho
prooont favestigation, I¢ moy Do usoful to conduct this
otedy for C¢ypioni oubgrodo coilo and loy doun opocifisationn

for tho latoral proscuros to bo used for cach.

Ga2e2 Plots no shown in Pirmron 28 and 29 yolating
poroontizo voardation in thiolmosnos te tho €,.0,0. and G.X,
vaiuoo may bo dovoleped waing standord subgpodo aoil typoo.
Such atondardicod ploto moy bo of Aumodiato uso to apply
nocogsaYry eawxﬁatinne Lo ﬁh&aﬁnoaaas=ﬁh2aﬁn¢& by tho
stomdard dosign pyocadare, It may boe of Antopoot aloo to
osaming hov corpootions for tha ﬁaaa podl ﬁmﬂdﬁ on O.B.R,
and G, ACTPALY wvith oneoh othor, | |

- il
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TABLE « 1

SOXL PROPERTIRS

SeAl Pey PaYs- Ligduid Pleastli Textu« USPRA Group OMC Max,

Desig- cant ocent Limit oity ral Seil index per I.D,

nation passing passing Percent index oclassi Greup cent in
No b0 No,B00 fioation pef,
sieve, sicve

Sodd ¥ B B2,7 30 10 Sandy Ak 1.6 10 110

{CoRry Loam

Sedl) ~

sa;l IT 100 99 5 1k ?ig’ A? 11,8 18 96

{Bilve . -

Soil)

5oy XII _

{Blonded 92 72 35 11 Sty AeE B, 2% 102

Soil} Lonm




TABLE - 2

CORRECTRD LOADDEVLRCTION DATA OF COR TBST
FOR S0XL X (CHRY SOXL)

Deflection in Load in
inehes pounds

0,000 .00
0,025 | 22,10
0,050 43,25
0,075 - Gh.B0
0,100 86,75
G150 329,80
0,200 164,00
0. 300 221,50
0,400 270,00
0. 3500 6,50




PABLE « 13
COARBCTRED LOADSDEFLECTION DATA OF CBR THST FOR
SOIL 1Y (PLUR SOIL)

b e e

PDefication in

inchss

3.000 0,00
0,028 2.07
0.050 17,35
0,873 23.05
mim 28, 50
0.t30 9415
0,200 49,70
8, 300 'ﬂ 71.00

ﬁ*m 92,60 -
04 500 117,00
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TABLE -~ b

CORRECTRD LOADDEFLBCTION DATA OF CBR THSY
FOR SOXIL IIT (BLENDED SOIL)

it . dioitpui

Deflection in

inchos _ pounds

3,000 | 'Gaﬂﬁ
. 0.025 . 20,09
60.050 - 20.k0
0,075 30,61
0,300 - 41,75
0,150 60,75
0,300 2,00
0.300 125,10
o.koo | 158.20
0, SO L1823, 00
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CORRECTRY LOAD<DEFORMATTON DATA OF PENBYRATION
TEST (1,5 INCH DIA, SLUSGER) POR SOIL I
{CAnT SO¥L )

Beflescotion in Load An
inches pounds

0.000 ; 0,00
0,625 | %,53
0,050 1,97
0078 | 6491
0,100  12.67
0,125 22,53
0.5 32010
0,175 . . w7.30
0.200 . 63.70
0,225 . sa.7s
0,230 . 970
B.275 118,00
0,300 | 130,60
0,325 143,00
0.350 151,30
Q375 160,00
0,400 169,40
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TADBLE « 6

CORRECTRD LOADSORFLBOTION DATA OF PENBYRATION TRSY
{1.5 TRER DIA, PLUNGER) YOR SOIL IX
{DLUB SOXL)

Deflisotion - fodd in
in Anches pounds

8,000 ~ 8,00
0.025 , he53
0,050  mbe
0,075 : D.78
0,100 - 1370
0,325 » 16,37
0,156 : 20,15
0,175 O 2%,30
0200 L 29,13
0,285 L 32410
D250 , 36,20
0,275 | L B0e23
0,300 | . B33
8,328 : 9. 70
04350 E 54,00
0,375 o | 50,20
400 | 61.00

Ponilalin e




TADLE « 7

CORRBCYED LOAD-DEFLECTION DATA OF PHNETHATYON TAST
{1.3 INCH PLUNORR} ¥OR SOXL IXX (DLERDRD S0XL)

aa R st wodl i

Deflaction in Lond Ain
inchas pourds

0,000 0,00
0,023 JeR%
0,050 - be39
0,075 619
08,100 8.22
0,325 12.90
0.150 X827
8,175 23,05
0,200 28,85
0,235 3%, 60
G, 250 | h1.00
0,273 hy.Bo
0,300 58,15
0,303 66, 20
0,350 72,00
0,378 79,50
G L00 87.50
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TABLE - 8
LOADSDBYLRCTION DATA OF mxma:. TRET 7OR VARYOUS LATERAL
PRBSSURBS HOR SOTL I (CHRY SOXL)
— S . .
T — (P e S T
Lrichog B % MY T S S e
bdisiog ' - — 'g. s : . S ——
0,000 2.00 2,00 0,00 Q:00 ‘ Gwﬂf)@ 000 $,00
0,023 8,10 17,048 28,10 ba,2s 8,80 40,03 153,40
0,050 13.75 28,72 93,30 49,10 682,70 105,60 188,70
0,075 19.96 33.63 38,90 56,65  B3.00 135,25 219,10
0,100 27,40 B1,20 BS5,20. 62,90 95,30 13040  24,2,90
0,125 32.00 09,10 $2,10 49,65 106,30 133,35 257,60
0,850 37,70 57,50 35,30 73.00 115,10 139,00 282,10
0,175 /.80 61,60 66,65  B1L0 123,70 175,10 289,40
0,200 42,15 65,95 7240  93.10 171,50 188,60 305,30
0,225 69.30 77,95 105,50 133,50 202,50 318,30
0.250 71.10 80,85 107,90 145,30 . 212,60 328,10
0,275 72.55 86,75 113,20 150,50 233,70 336,60
0,300 73.30 90.60 117,50 ' 136,80 220,30 48,60
0,325 92,20 121.20 161,10 230,90 356,90
0,350 94,95  3R5.60 164,00 283,40 339,60
0,375 96,00 120,10 167,60, 203,90 362,30
0,400 96,70 113400 170,90, 286,40 266,60

i

o}

¢ Toading ast recordod,
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TABLE « § '

LOAD.DEPLBCTION DATA OF TRIARYAL TRSY LOR VARIOUS LATDRAL
. PRESSURES FOR SOXL XX { BLUR SOIL)

Latoral Prosouros in pot
0 _ #h | 10 13‘ 20 B 40 20 60

i A A Sl ) " S —

0,000 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,025 180 10,80 26,96 29,35 47,00 35,32 79,8 96,35 123,10
0,050 5,08 19,50 29,75 30,36 50,60 33,73 45089 95,00 125,05
0,073 7.56 22,12 32,84 39,35 57,50 71,898 86,60 133,80 127,55
0,100 0,36 25,00 135,46 57.65 63,10  7%.2% 92,15 122,70 129,35
0,125 13.75 2716 237,25 50.75 66,80 82,70 106,40 127,10 122,95
0,150 10.73 31,350 39,99 36,30 90,30 57,10 111,90 132,30 144,85
0,175 22,30 5,05 b3.22 62,60 73,80 103,00 118,65 137,00 154,60
0,200 25,90 35.10 47,50 64,10 76,90 110,43 123,00 141,80 168,60
0,225 20,80 37,90 20,60 67,15 79.90 116,50 127,75 147,00 131,30
0,250 36,00 543,10 54,20 71,30 82,00 121,80 1,90 151,30 190,20
0,275 30.60 43,50 60,10 4,00 35w6§ 327.30 136,76 155,55 199.20
0,308 50,30 59,50 60,90 77,70 B9,20 131,50 341,80 161,70 206,17
0,325 33,43 59.90 65,80 80,65 93,00 130,40 146,85 167,20 208,90
0,350 2,50 70,83 83,00 96,60 140,30 130,55 171.30 21540
0375 S4:18 73,90 86,20 90,20 1B5,00 A5U.b0 3175,75 222,20
0,500 55,60 75,40 89,50 100,60 140,50 158,20 176,70 225,90




‘ 53
TABLE « 10

LOAD DETLECTION DATA OF TRIAXIAL YBST FOR VARIOUS LATERAL
PARSSURAS POR SOTL XXX (BLSNDED SOIL)

DoZlavs - ommmsem——0d L Abs
tion - nd | e X e
in 4nchos Latoral Prooouros in pod

D R M A T R B T B %o

o

0,000 0,00 0,00 0,06 0,00 0,00 0,00 0,00 0,00 0,00

0,025 6,53 16,70 22,96 52,60 157,95 60.30 Ob.6S 93.77 112,80

8,050 9,15 23,00 43,00 51,30 52,85 64,99 95,25 97,50 130,80
0,073 12,08 25,20  LL,50 56,00 62,70 7i.3% 104,60 108,53 137,30
0,100 14,55 83,00 59,35 62,00 71,00 79,90 115,20 113,90 147,35
0,125 17,43 48,80 66,60 69.60 79,00 09,60 122,20 137,70 170,%0°
0,150 21,50 55,95 74,10 76,50 85,96 97.98 131,50 155,20 202,10
0,175 24,60 60,30 81,35 84,60 95,35 100,90 140,20 164,00 227,00
0,200 29,50 67.00 97,60 91,50 100,90 138,60 150,80 175,60 248,60
0,223 132,60 69.20 98,30 99,00 108,00 126,00 160,00 iaagiﬁ 265.65
0,250 36,20 71.50 50,10 106,15 114,90 134,00 169,15 197,20 274,10
6,275 50,70 75,30 103,00 112,60 171,00 144,30 176,40 207,20 289,30
04300 143,20 78,40 106,30 116,20 126,20 150,05 103,50 216,50 300,10

04323 79.60 109,60 182,50 130,80 355,00 196,70 221,00 107,60
0,350 81,30 111,60 126,15 135,30 365,10 201,10 228,50 314,60
0,373 83,60 116,00 130,40 137,80 166,30 205,90 235,50 325,00
0,500 85,30 115,10 132,60 150,30 177,80 209,60 239,00 126,60




- TAGLE - 1Y
LOAD ~DEFLECTXON DATA OF TUBE THST ¥OR SOIL X
{oBlix S0ILY

Nefleations in Load in
fnohos T peunds

e, . . SO - S e —

0.000 0,00
o,025 O 8h.b3
0,050 | 10,36
0,075 . a.a35
5,100 | 25,00
 @.223 - 53,20
0,150 | 70.70
0,175 | 106,10
o.200 | 135,60
o.285 214,70
0250 | 302,00
0,275 | ¥15,00
0,700 - 53k ,00
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TADLE « 312

LOAU-DEFLECTION DATA OF TUBE TESY FOR SoIL X%
(PLUB SOIL)

Defisections in Load in
Anohos pounde
0,000 . - 5.00
8,025 B 2 %4
B.,050 ' 10,93
0,075 - L R3,20
0,100 . . 248,80
B.325 . o B, 70
G.150 : T 1R73.20
6.175 136,20
0,200 | . Re2B.50
0,225 , B 35.00
6.250 . | P77.50
0,295 | X161,00
8,300 ‘ 139% ,00




TADLE «~ X%

LOAD-UBFLECTION DATA OF YUBR TEST POR SOXL 2IXX
{BLENDED S0XL)

’ e PP PR

Peflections in Lond 3n
inches pounds

A ) ParT— IR

0.000 0,00
0.025 18,68
0.050 | 22,85
0.075 38, 30
0.100 - 37,760
o.125 . 56,60
0,450 | 103,70
0.37% 151,00
0.200 | 230,00
0.225 o 330,00
0, 250 o . 491,00
0,275 707,00
0,300 . 981,00
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LOADSLATERAL PRESSURE DATA FOR 0.2 INCH BEFPLECTIOR
POR SOIL X {(CHBRY SOXL)

{(From Teable 8)

AT A S e ————— i

Load in Lateral pressurs in
pounds Pl

42,15 o

A

65,93
3’39% : | 10
07,10 | 20

13,50 | 30
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FTAILE « %15

LOADSLATERAL PRESSURE DATA POR W, 2 INCIT DEYLBCTION
POR SOIL XY { DLURB SOIL)

{Prom Table 9)

Lond An Ibs iLateral Pressure
in pss

25,90 0
35,30 53
47,50 | 130
6,30 15
76,90 20
110,485 | 35

5

141,80

g 3

168,60

§
i
i
i
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TADLE » 16

LOAD <LATERAL PRESSUNE DATA ¥OR 0,2 TNCH
DESLECYION FOR SOXL XIT (RLENDED SOIL)

{From Toble 10}

Lood in Lateral frossurs
in psi

¥

28,40 I -
67,00 5

_@?ﬁﬂﬁ | {1}
03,20 Y
100,90 |

5

118,60 30

150,80 - b

175,60 &
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TABLS ~ 10
STRARSS-STRATH DATA DOR SOXL I (CERA SOIL)

e | S
Dofioow royecant Latornl Prospurs Latoral Prooouro
:ggggoan Seradn navgﬁtog a roas ﬁ3§I§%5§E§§§SEE“

in pod in pod
0,000 0,00 0.00 ‘ 0,00
0.025 0.83 3.92 6450
0,050 2.66 773 & . 36,75
0,075 - .50 12.10 . 18,75
0,100 3,33 15,60 24,00
0425 . 346 1f.80 . 30,25
0,150 5.00 21,78 , . 35.20
0.175 5.83 | 26,15 | - 39.00
0.200 6.66  32.70 | w50
.225 7.0 37.50 | 19, 50
0,250 - 833 . s1,00 53,80
0,275 9,16  ms20 53,50

04308 10,00 kﬁ,jq' | 50,80
0.325  10.93 870 | 61, 30
0.350 11.66 ERY | 63.40

© 04375 T 32450 | 53;1# | 65,00
o.k00 - 13.33 3530 66.75

ma——— . . ——
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TAHLE « 19
STRBSS STRAIN DATA TOoIr S0XL XX (DLUE SOIL)

Deflode Percent Lateral Pressure Lateral Pressure

tions in strain 20 pai o5 nel

inchas sviator stress Doviator strass
' in pai " in psi

b o o b T . AR . —
0,025 0,83 6,60 5,64

0,050 1,66 .60 6,04
0,075 2,50 13,50 7.52
0,100 333 15,70 930
0,125 416 17,90 10,08
0,130 500 - 13,90 12,74
0475 83 2.5 13,05
0,200 6,66 23.50 14,85
0,223 7.%0 25,20 15,95
0,250 8,33 26,00 19,90
0,275 9.16 28,50 20,75
o0 16,00 30,5 23,00
0,325 10,83 33,65 23.25
0.3%  11.66 3,70 24,70
0,375 @50 3553 - 35,60
0,400 : 1333 © 36,90 | 26,05
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TADLE « 20
BTRESSSTRATY DATA TOR 50XIL 111 (BLBNDED SOXL)

Daflece Parcent Lateral fressuse Lateral Pressurs
tions $n  strain 8 20 .5 psY
inches 3e {

0,050
0,073 .
0,000 - 3.33 . 20,20 19.35
0,123 4,18 . 28,20 22,70
oz 500 28,65 26,10
5,;::5 - 5,83 83,38 20,18
a.;.aoa . 688 154:3° 32,90
0,225 T80 . 0,20 - 84,20
o.250 . 8.88 48,00 88,80
a‘;a'zs 9.6 48,50 3718
o’,} s0 10,00 8.0 - 89,38
0,325 108 84,18 40,00
0,350 . 1166 o 86.00 | 4138
ouyrs . 12.80 88,00 2.
o,h00 . 1338 89,50 9.0
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APPLIED LOAD

| CIRCULAR PLATE
//////////% J77777777777

SUBGRADE

LATERAL DEFORMATION

VERTICAL DEFORMAT/ON

 SCHEMATIC REPRESENTATION OF OISPLACEMENTS.

N/

#

6./
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LOAD

~——CASE-T - 100% DEGREE OF LATERAL
CONFINEMENT

CASE-Ir:- TYPICAL CASE OF
A NORMAL SUBGRADE
—

CASE-II+-0% DfG/?EEOF' LATERAL
CONFINEMENT

OE FORMAT/ON ——=

EFFECT OF LATERAL CONFINEMENT IN STRESS-
DEFORMATION PATTERN OF SUBGRADE
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G7

OEFLECTION D/AL

’\g P/ISTON

SURCHARGE

. ¢

. SOIL SAMALE

CALIFORNIA BEARING RATIO TEST-SCHEMATIC
O/AGRAM

/G -4




©8

PERS PEX —
0/SC

RUBBER MEMBRANE

$0/L
SAMFPLE

—— LUCITE CYLINOER

~—— CONSTANT
PRESSURE

TRIAXIAL TEST [UNDRAINELD] SET-UP-SCHEMATIC
D/AGRAN

F1G.5




N
N
\

o

— METAL TUBE

~L . sol .
SAMP(E,-.'-"

7
~

f
S
*

/k?)??keﬂ

M-S PLATE 3§ x2 x £

////_, Rl /e

‘Z‘
//

il ////////////// /

LOADING PLATFORM

" ~—

'T

TUBE TEST SET-URP-SCHEMATIC D/IAGRAM

FG. 6
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LOAD /N POUNDS

/G/
300
250
200
150 : | ;
: CBR AT Of INCH DEFLECTION=2/89%
9 | > 0!2 ’ " | = 3\64%
(l »  OF .‘%O/L-f (¢cB8R1S0/L -’3-i6fz
100 : 4 ﬁ;
/AN
| |
' l
' l :
50 : |
o A
Nl 0
Y w
Q) :
I I
' | |
(0] 1 l
° o1 02 0-3 04 05

OEFLECTION IN INCHES

C-BR. TEST PLOT FOR SOILT
(C.8-R/+SOIL)
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LOAD IN RPOUNDS

f2o

/oo

60

20

c}ta R AT O4/INCH DEFLECTION = 0\949%
»oomood - » = £l103%
v OF SOIL-IT (BLUE SOIL) = 1|103%

[
Ql Q
d n
: )
I

|

I

07 02 03 04 05
OEFLECTION IN INCHES |

CB-R.TEST PLOT FOR SOIL-IT
(BLUE SOIL)

G- 8
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L0040 /N POUNDS

200
160
120
80 . |
| C.B.R AT O-1 INCH |DEFLECTION= 1.39%
l» w02 » » : 1-82%
‘_ | oF|soi-m (BLENDED SO - 1-82%
40 ! '
I |
| |
Ay
N :
ol _ |
o or 02 CE 04 05
DEFLECTION IN INCHES

C-B.R TEST PLOT FOR SON-II
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APPENDIR = X
- CALCULATION OF GROUP IRDBX POR
THE TINRE SOILS

The Group Index of @ soil is obtained from the
following equation : (11)
G = O.Ra & 0,003 ac & 0,01 hd '
where & « that portion of the psrcentoage passing
: AR No, 200 Sievo greater than 33 psreent
and not excesding 75 percent oxprossed ss e
positive whole number (0 to L0}, |
B « that"partion of the percentags passing ASTH
No, 200 sieve greatsr ttan 15 percent and not
sxcesding 53 petoent, 'szn.agm - a waitiw-
whole number (O to 40), | ‘ |
¢ « that portion of the numerical mem 1imit
| mﬁatoﬁ than 40 and not mmﬁdhw 60, upﬂaud
| a3 & positive whole number (O to 20). |
d + that portion of the numericsl pimsticdty index
grestor than 10 and not axmwing 3% cxpﬂiam
ss & positive whols numbor (O to 20) |

. . 1 ! '
Pata from Table 1 are usod in the following
saloulstions.,
Group Index of Soil I (CORY Soil),
& = B2,7 w35  w P7 o 8 (Sey)

b w 2,7 = 15 w 27.7, » 28 (3ay)

e w O
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d &« 10 «- 310 &« O

Group Index « 0,28 « 0,005 a0 4 ¢,01 W
w« 0,228 40005x8 x024+¢0,02 x208220
w 1,6 640490
n 1.6

Group Index of Sodil II {Blue Soil).

o 75-35 o 40
55 = 153 e Lo
e 5% « 40 o 12
» We20 o b

6 o ¢ »
4

Group Index w» O.2m » 0,005 ac + 0,01 bd
e 0.0 240 ¢ 0,005 x 20 x 1L » 0,01 x 50 x &
w 8 9 2,2 ¢+ 1.88
» 11,8

Group Index of Soil IIXY (Blended Soil)

“ 75=35 = 40

55«15 « b0

- 0

4 e 11«30 w 1

: Gibuy Inderx = O.28 ¢ 0,005 a0 » 0,01 ba

s 0,2 x 30 ¢ 0,005 x 40 x 0 « 0,00 x 30 x 2
« 8 ¢ 00

» B4

6 v »
: 4

A A2 D
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APPENDIX X

GALCULATIONS FOR WEIGHTS OF DRY SOIL AND
VATER FOR AASHO COMPACTION COSDITIONS
POR THE TIREE SOILS

Volume of compacted sample

1 | L i p y . >3 |
in the CBR mould « nx6 x-uggw
i 12

- Ga@g of ¢t
Soi) X {CBRI Soil) ‘

Optimum Motsture Content « 10 percont

Maghum Dry Density e 110 pef
. Welght of é:yfuniz in compacted |
sample » 130 z 0,08 1ibs
w 3,80 ive
e 8,80 x 853,59 agms

= 3990 gma
Woipht of water required « 950 x 10
190

» 399 gms
Soil II (Blue SoAl)
Optirum Moisture Content = 18 porcent
Mazimum Dry Density = 06 peft

Weipht of dry soil in |
sompacted sawple - 96 x 0,08 13bs

w 7,68 1ibs
. 7.68 x 553,59 gms
w490 gms

Welght of ¥ater reguired « 3490 x 18/100

- 63& m&-s
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Soil 1IT (Diended Soil)

Optimum Moisture coﬁtmf = 1% percent
Naxivum Dry Density w 102 pet
Weinht of dry soil in
compacted sample e 102 x 0,08 1bs
w« 8,16 1bs
« 8,16 2 453,55 gms
» 3700 pme
Helzght of water regquired a 2700 x .;’
= 3518 goe

#1301 w
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APPBRDIX «~ IXX
PART A
BETION OF CALCULATION OF NODULDS OF
BLASTICITY B OF S0IL

An undrained triaxial test is used, Vith

. the lateral fluld preassure jeconfining stress « G 3} maine
tained conatant, the axial load (deviator stress » c éf

1% greduaily incroased at the specified rate till fatlure
results, A plot with deviator stress agsinst percent
strain m' developed,

In the conventional test it iz necessary to add
tmk sonfining pxnmra to the deviater pressure to datermine
the total unit load at failure, as illustrstsd in Figure 31.
The wrtieﬂ stress G 3 °an be determined by means of
sguations {1} and (2},

SEERFBEBUINBES (il

whers GCa ™ deviator stroas

P =« appliied deviator load (1bs or kys)
e opiginal oross sectional area of specimen

8 = Unit strain
G—’. o Gﬂ. * 6-3 CEANIRTRERERE D MR Q:‘”
vhere 5— »  total vertioal stress
. 1
C13 u confining stress,

For the design ef flexible pavements, use is
made of the modulus of defornmation, The modulus is csloulated
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for the straight portion of the atresa-strain curve, For
most casen, howsver, the stress.sirain curve of the soil will
not be styraight for any appreciable distance but rather wiil
be curved, o

‘The modulus of defermation for this case i»s
calculated at some arbitrary point, generally at a stress
value equal to the stress condition which will exist in the
pavemsnt, For example Af the vertical strsss under the
pavanent is, zay, 10 psi, the modulus of dararmnkiun is equal
to 10 psi divided by its corresponding deformation wvalue from
the triaxial teat (8), |

The atress«atrain data for the shees aoils used in
the preasnt investigation for standard value and sugsgested
#ulua of latersl pressures as prpswntcd in Tablea 18, 19 and
20, The sorresponding strsss«strain plots arc shown in
Figures 32, 33, and 34, ¥For each valuo of lateral pressurs
B valus 13 caleulmted at defisction levels 0,1 inch and 0,2
inch, assuming the soil to be elastic over this rangs. The /
uqiauiﬁtions f&r E for the thres solls are presentoed below,
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PART - B,

CALCULATIONS POR THE HODULUS OF BLASYICYITY FOR
TAT TURBE SOILS AT DEPLECTIONS OF 0,1 INCH AND.
0.2 INCH FOR THE STANDARD VALUR OF LATBRAL
PRBSSURR ''OF 20 PSI AUD POR THE SUGGRSTED VALUBS
OF LATBRAL PRUSSURES/

o041 | Sod1 1 Soil IX So41 XIXI
Dosignation (CBRI Soil) {Bluo Soil) {Blondod Soil)

Standard value
" of Lotoral Propouse
in pni 20 20 20

$u¢gustnﬁ valuo of
Latornl Prossuro
in pot 30 5 - 5

Por BDofloction -z 0,1 inch Por Dofloution « 0,2 inech

Rfftoetlivo aren
of sposn-soction

; 2
o 150,75%3  of codl samplo o T 7 0473783

Effoctive aron of

opoag soukion of

soil somplo 2.9 v

oy 0.1 o 2

Strain o mgam— e 1,803 in
' Steadn » 0,2/3

- 4] '033
. » 0q°§$
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Lood vailuos upod in tho falloving snlculations aro

talkan from Tobloo 8,9 and 10,

B of Soil Y (CBRY Soil)

Yoluo of
Latornl Por avo 0,1 dnoh Tor ae 0,2 inoh
Froocugo '
lond = 62,9 1bs Lood s 93.1 1bo
; Gg.g 93.1
S¢pr000n . S%p0ns o *
e Lﬁg’j
a 34,5 pod e« LOLS poi
20 Qﬂ. e !h&g!éne } 32553
(Stondora  © Q“"""“"L’u'gﬁa ~° 33 B o068 0,066
valno} * ' 0.
o 432 pod s BI7.5 pod
Load = 95,3 ibo ftond - o 131.3 1he
' o 131.3
Sepasn o %%%5—» Steosy w
?‘0 poi ‘ l 1 ,,QQ:} 7
‘ vgggg?sé;éﬂ s 5245 pot s 5:.5 pod
55“ gzzas B oo {62:3230) . 29,3
3T S5 0,086 0,086
o 0665 pot s 59,5 poi
Bef Sofl IX {(Blua Soil)
Yaluo of |
fatoral Tor oae 0,1 dnch Tor aae 0.2 inoh
prOsOUrs
Load o 63,1 ihs tond = 76,9 1bs
Utrong e % S¢roog = Zg'f?@'f
20 psi s 35,5 pod uw 40,63 pog
( Standard {(3b.3a20) 1b,5 gbogsg..ao 20,6°
valug) . “ R - R ] i @ ) o —%3_0.0
s %33 pod o 10 pod

Contllsuseeese 107
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wiQiw

Laod e 25,60 ibo Load e 35.% 1bs
sgrﬁﬁﬂ - %%é’g‘%-'- = St?ﬁﬂﬂ = %%0———-
J poi .
valuo) n - 0
o 201 pot s 203,35 pod
B of Soil XIX (Blouded Sofl}
Voluo of ‘ . ‘
Latornl Tor ,w= 0,1 dnch Tor o= 0,2 4nch
Progousro . .
Looad s 7% 1bs oad = 100.9 1bo
Styroos o 71 . Seroon » 100,9 .
) :}ﬂ.ﬁﬁ pﬂi “w 53*3 i)ﬂi
20 pos L {3B,85420! B 153,3-20}
{Standazd B oo ‘%.3§§ 0,666
valeo} 2.5
o 18,88 s 3 21 sé
s 566 pol » 500 poi
. Load o U3 1bn foad o 67 1bo
Stross - U3 Strooo « 67
1,828 1,993
5 pod e 335 pot e 35,4 pod
{ S!xmc)»atod
vaiuo B
. R o n " %——-
o “ Wm:a
= & 3&.‘57@&.‘;

Y
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APPENDIX ~ IV
PART &
CALCULATION OF DRSIGN THICKNESS OF FLRXIBLE
PAVIMBENT USING KANSAS DESION NBYHOD

Modulus of elasticity (B) of the subgrade matersil
is determined with the help of a tiiaxial test, This value
18 tthem substituted in the Doussinesq's equation to obéatn
the thickness of pavenent requived, To arrive at this equa.
tion for tho pavement thickness, Doussinesq's settlemsnt
squation Zor deflection st the centre of s flexible plate is
uged, which 4s as follows {12)

3 paﬂ : -
A, = mﬁ/z mwaguumt?)
whars O e defiection at the centre of flexible
plate,
p . » Intensity of load on the circular
- rmiuq of the plate
= depth of the point vhets stressos
are calenlated,

B« modulus of slasticity of the naterial

of subgrads,
2 .
Thus naazgn[-%- Bl
| a‘z 2 i/
or Z - I !”39":”' - & } eessvunsllé)
28 A

But total prossure o on the plats « gsm
Therefors, 2 = [[‘3%’/’8:&36.) - 8312 weenecennds)
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Appuming that tho pavosont is incomprosaiblo,
tho dopth Z bocamgu the thioknono T of tho pavoment, ﬁa&
honeo o got, (8),

T o [(op/2nma) o o? lzigunwnnuu(ﬁl
and ¢thic oguation may bo uood for tho doodgn of filoziblo
PAYOIONSS,

o oquotion (6} ¢ho Shiokmoon 4o givon in tormg
of tho total lond, tho woduluo of olnsticity of tho {11,
grado doil, tho pading of tho contneld aron and ﬁna.éﬁf;uz;
tion, Uhcn tho land to appliod by dunl whoolo, tho offoce
thve rodiuo of tiro contnoed aron for tho conbination io
not onodly dotorminod. To solws this tho atroscos deposod
by oach tire ore oomputod sopufntoly, Tho modulun ef
doforaation of tho oubppado reguired ¢o 3imdt tho total
doflootion of tho surfaco to that pormittod may thon ho
dotorminvd, Thup tho thoory of tho formula 4n unod by
oomputing tha offoet of onoh tiro ooporntoly vithout tho
nosoooldty of finding ¢ho ladotorminato value of the

offootivae sontnot avon (7).

To vtiiiso cquation {6) for dosign purposcs it
10 nossosary 0 aooums o limitdng doflootion o Tho dosign
dofloetion of tha ocurfaco 4o ocosuncd %o bo 0,1 Anch for
f3oxible pavononts. This valuo wap dotorninod from nonsurow

mondo, of numotous Floxiblo pavomonts &n wagpious conddtiono
(7,8).
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Coofficiondn ¢

™ho dooinn procodugo aollis for ol soplos to Do
tootod in o sotorated condition, Saturation 1o doomod
donipablo 4n erdor to abtadn o dircot comporison for oll typon
of natordolao,and;at the gomo tino, to obtaln & wossure of tho
strongth oboro tho matoriol 1n in its voakoost condition,
To aocount fopr tho gaanibii&%ysat tho ooll not bolag soturatod
aftor conotyuction, o coofficiont, n, fo introduced vhich
givos o dooronuod thicknoos of curfueo or boos conrao Foquirod
in locuidtion of looh rodnfoll,.  Tho rocommended valuos of
‘a  aro an shomm in tablo bolow §7,5).

Saturntion voofficiont fAvoraze Annual Roinfoll

n _ in &nchos,

Q43 - 15,0 « 19,9

0.6 | 20,0 » 28,9

0,7 - 23,0 « 29.9

0.8 30,0 . 38,9

|88 35,0 « 59,9

1.0 ' ‘isﬁ"ﬂ - 50,0

If tho cozdoun uhool Yond o DOOO pouddo and tho
yﬁ?ﬁ@ﬂ%ﬁsﬁ of wohiclo corpying makiswn loafds arse rolated So
tho othoy h lighter vohiclon 4s fadrly constant, tho variae
tion affocting dosign ocoura rootly An tho total velumo
of raffic, Coofficlonts havo boon dotormined acsording
to the wolune of truff&e; Tho esofficlonts and thole corvone

ponding ranges of troffic aro chotm fn Tablo bolew (9,12},
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Traffic Cooffiociont Totol tyaffic vohioloo
o por doy,

1/2 ~ 50500

2/3 501800

546 - 801.1200

3 : - 12011800

7/6 18012700

8/6 | | 270 L000

2/6 40036000
10/6 | . G001-9000
11/6 G001 11500
12/6 1350120000

Introducing tho ecoofficionts into cguation
{8) ond voing the modification of tho formuln proposed by
palmor ond Dasbor, cquation 7} romults

Te iv/ (rem/zo®a ) w o 1 [y B/Bp )

auqn.’nﬂ!-it{?;

vhora T « thioknoss roguiroed

Bp o m&daius of olootieldy of povomant
o saﬁfaﬁa CONLO0,

E » ooduluo of olonticity of subgrado
or oub baso.

? « bogo vhool lood

B = traffie cooffieclont boood an traffic
voluao

n o gatupation qooffioiont bagod oo roinfall.
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& = radius of ares of tirs contact

‘entganpandlng!%a P

A « pernitied deflsction of surface,

The stiffness factor (Efﬂﬁ}x!3 was proposed
an the busis of the stiffness faotor for slabs and vas
checked againat the olastic disphecensnt due to a point load
on & two layer system, The stiffness fnatﬁr takos into
acoount the stross distritnting qualities of the paving
surface as rslated to thoas of the subgrade soil, Uias-
regarding the stiffness factor eguation (7]} gives the
thiockness of an incompreasiblis layer whioh will yield »
nettloment squal to thet of the assumed condition and for
the dosign wheel load, With the stiffness factor squation
{8) gsivos the thicknsss of s bituminous mat pisced directly
pén the subprade seoll for the assigned losding conditions,
if one wighes to subatitute some grannular bass course
naterail for a portion of the bituminous mat, the relation
ship can b detarmined on the basis of the stiffness factor
for thé hituminous mst related ¢to the bass course, Thus
3T a thickness of Final wearing surface is sssumed, the
thiakna:& of base courss aatarial to add to the paveament
structure Ly that given in the following equation {8),

«3 - w (T - tv} 3‘/ Bp/aﬂ O esvensseal8)

vhore tﬁ

"= thicknoess of basze ceurss
T » thiolnmess of Hituminous mat
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ﬁv =«  Assumed thickness of waaring surface,
By, = Madulus of elasticity of wearing surface,

By s MNodulus of Blastioity of bage courss,

It 43 to bo noted that the provedurs necessitates

assuning a thickness of wearing surface.

The caleulations for designed thiokness of pavensnt

are presentad in Part « B on next page,
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PART = B
’ CALCULATIONS TOR DESION THICKNDSSRS OF FLEXIOLE
PAVBMBUY POR THR THABE SOILS DOR TMR STAUDARD
VALUE AUD SUGGRSTBN VALUR OF LATERAL PRESSURNS
ADD CORRBSPONDING VALUBS OF lIODULUS OF BLASTI.
OITV AT DEPLECTIONS OF 0,1 IUCH AND 0,2 THOH,

Tho dooign fepmula Lo

T = [/f {3Pn/208A } «a® 3L 3/ 8/8y )]

tho notatlono boing as osploined oarlior 4n Part A,
Tho valuo of P 1a takon as 9000 1lbs an I.R.C. Spocifications(13)

Tho vnlue of tiyo pronsuro fopr hWighwnyo gonosnlly
vardos botwoon 60 pot and 90 pod (8), O wvaluc of 75 pot
io adopted Tor colauladiona,

Tho volus of m 4o tolon 0§ 1, osouming volomo of
eralffio an 1201 to 1800 vohlolos por day (8).

Tho woluo of n 4o tokon as 1, ascuning ovornge
yadnfoll ao 40 to 50 Anchoo (8).

o o 6.18 inchon (Vor P o 9000 1bo and ¢ire
prossurs 75 poi)
A= 0,1 inch and 0,2 dnch,
B, &8 ‘tokon ap 13000 pod (B}

tev Ir/am - 3z 9000 a h293
2.32....., s
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The values of E and deflections used in the

'fauoﬂng calculations are taken from Table 17,
¥avamant Thickness for Sof1X(CDRI Soil)

Valus of '
Lateral Yor Ae 0,1 inch : !‘@r Aw 0,2 dinch
Pressure .
A /11
Te [/ ‘Fj%éo 1’ uﬁulﬁ ] ' [/ Um " 3 5:‘18 }

3/ -,,g}@--* 3/ E%Lb
20 pad

(Standard — /4 ned.g gy Zab
value) k99526183 Zp3) « /L ao618%) JiZgp)

= 30,35 $nohes ‘= 15 Anches
'1“ - {/8 3

lﬁm"x’ *6&15

Taes L B3 w [/ onZ T
‘ﬁ%ﬁ:‘;‘*“‘ « U/ 64,6%.6,18° 1@:5%@_3 * V36,22 ~6.18 QW’
w 8,527,650, %5 w 6,51 % 5,498 x 0,70

= 21,90 fnches | = 12,13 inches
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Pavenend Thicknooo for Sodl I¥  {Bluo Soii }

Valuo of
Latopial Por As 0,1 inch Pogr Anm 0,2 inch
Prooouro |
/12292 ) 607 ] LER WA R
¥3520,4 710102
9B g Y s ——
a9 pos o [y 2\57 o [fzo ngl.z snByt8e?7
{ Standord (98,7%.6,10%) (22323 > Lgo,25%.6.188)(5+77 )
valuc) 2Y4,66 nh
24,66
w 30,15 inchon o 19 inchoo
Tu29s .2 . .3 /(lm »‘ y 2 o
T ol/(3222.%6,10% ) T o/ e " u 6,18%)
2613@&1 ' / 30:’530‘3
. v et vy 6o70 10 55.95"«-575*“
3 pod ® /tlfmnﬁ 06»133‘; or ® /(3 Bad bl !2 .
18 { ongnosted . |
voluo} a 1,05 212,5950,259 s 10,5520,9750,2395
s b2,0 inohoo a 25,10 4nchos
A
i e
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Pavenont Thiolmoos for Soil IIXI (Diomdod Soll)

Yaruo of
Lotoral
Prosouro

Yoras 0,1 4neh

3/-%
15000

For an 0,2 inch

200n0,.2

20 pod
{Standond L0 o 202y (Ba27 e |
vatuo) J17676,18%) (e ) o /(52,956,187 793 )
‘ " 24,66
o 9,078,353 7 0.335 o 7.0126,07 & 0,3215
a 23,35 f4nchos = 3346? inchoo
¢ L : 3 l 32 r] 24 2
T o [) it Ju6,18 ? = [/ {uuuu—mnl =G,18
@ , %?g%:l ¢ 1’5736'3 *
3/ 'égg . N .
5000 ) v 3/ ¢Eé9 .
(77 406108 agézé y - 7.7
{Suppontod : 25,66
Yaluo)

e 9.14 18,h320,336
u 26 inchos,

B T 335@:!335‘ 313
o 18,72 fnchoo
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CALCULATIORS FOR PERCENTAGR VARZATION IN TRICKNDSS

CORNESPONRING TO BQUIVALENT LATERAL STRESS OVER THR

TRICKNESS CORRESPONDING TO THE STANDARD VALUR OF

LATEBRAL PRESSURR,

The data used in the folloved calculations are
taken from Table 17,

Yor deflection 0,2 inoh

Soil Yor Dafisction 0,1 inch
Destgw \
nation
S04l X  Reduction in Reduction in
(CBRY thickness for thickness for
Soil) suggested suggaestsd iate
- 1ateral stress eral Btress
- 3@;35&2’.’9ﬁ - 15;00 "12‘13
w 8,45 inohes « 2,87 inches
Percontage 8,55 . Parcent
e 8,85 . %100 . 2.87 x 100
variation o 30,38 wariation - T?f%ﬁ” .
w »27.82 percant « »19,1) perecont
S04l II 1Inoreass in Increass in
(Blue  thickneas for thickness for
Soil) suggented late guggeated late
eral strass eral stress
s B2 60.30,15 = 25 101900
w 12,55 » 6‘,1'0
Peroent » 12.45%300 Percent « £.10 =x 100

voriation )

» + 41,7 peroent

varbdation .

»+32.1 peroant
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Seil

Desige« For deflection 0,1 inch Fox deflection 0,2 inch
nation

: L AN AR A s
Soil 3T Inorease in Increass in

(Blendad  thiockness for
Soil) suggested late
oral pressurs
» 26 00.2%,39
- ﬁ.ﬁﬁfinchcs
Percent
variation o

5,95

» + 2,56 percent

0,65 = 100

thitiness for

sugpested latw

eral prossure

| . 15,72°313,67
= 1'05 inches

Parcent
var-ﬁnﬁon 1.05 x 100

* 13.67

« + 7,68 percant

6"

g 2 00
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