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/rBSTriAC_i.

Presentecl i¡ lÌ1is ih;:is are the results of

å seri es of Tr"ia;cj.al tests rr-l-n cn undisli,rr'rled sarnples

nf ¡ h'ioi'lrr nl¡qf.ir- i;inn'ineo n'lnrr. Tho qìrr¡qr qf.rnnøtìr

nroperties, pore pressure characlerisfics and the

effecf of 'r,he sLrain raLe t.¡ere investigalecÌ and compa.re<ì-

'^"tit,h lÌre avåilâble infr:rma.tion"

The resuli;s indicate the -oresence of a lor',¡ ansle

of shearing resisfance ano a high cohesion inbcrcept.

The nafure of ihe pore pressure change due to anpllccl

deviator st,r'ess indicates lJinniceq cla¡rs as being

lishtl¡r over-cons oliriated "

The rafe of s|ra.in i,s seen 't,o i-nfluence the lesN

result,s in the consolidaled undrained tests. I'or re-

liable resüI'r,s in such a tesi a sirain ra'oe wilh a

tirne lo fai-lure of four t,o six hours or nore a.Þpeårs

c¡*i cfr¡*nrrr
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CHÅPT]TR I

Iì,r1'fi.0DUCTItlïù

:1 lincr'¡iecloF cT t.ire prcrerties of a scil is necessary

* n * l¡- lrrai noop i'¡ *ìnr ¡lcci rn nf f nrrnrìt*i rnc lai -Ì.1 11.. ^*lr-hì.UU U'lJ rrt:ir11ççI :Il UJiL LIYùap-lI U.l. I L)uIiU4!At,llJ 9 I L-ì'.rl:té.V i:.ILrelI5--

ment.c rlrr"rs et.c - S ¡i 'l s _ lnl i k. :_t:st ;iìîieria.ls enc(lunteT'ed in

linoineeni no rìcqì on hrtrc -nnnonl- j.gg that Shcw Wide Vafiali-On in

rìiff erent, qec'r'aphical lccet,icns, Thus it is neccssary tc deler-

ntine lhese protlerties of clif ferent soil t;rpçs in d:-fferent

ra-i nnc

Jlays in ihe .iinrripeq Aiea ¡r-ë ilnctvn to be la:unrrled,

hi6¡hh'ìlfâ.stic ancl co¡npressj-b1e" A brjef clcsct-inijln of the..-1-.-r':----"!j_--.

soils in lle l,ilìr:rni-Ëeq a:rea. are trirren in Cìre.pter 2, Cla.ssifica*

tion anrì sr¡il¿.T-ili t, r of tl.cse soils f o-r vari ous purìroses r froit
lr ìlrl

an Enr"ineerins toint ofl vi-ew, Ìras becn deatf in th by ,À" Baraccs\+/\4'l
/:r.)

'-.. '. -- \I¿lì'1" l-" Riciclell'*-" and others" An inrreslisat,ion cf fhe shea,r

a4manæ*h nr^-an*ies cf +,his s.1j I as 'ivcn hr¡ the triaxial tes'r,
(ry) /r a\

has been cJ.one ì:y ü"íj. Crai^ríorcl\|J, J. D. liisht,¿Ì<\"/ and J"

Pet,ers ¿s a. nart cf a;'et unfinisherl 11. Sc. thesis at the

ilnivers-it,r¡ of l.a.nitoba. lrane shear test resuils har¡e been

l¡ ql
1i-veri by .rt. ). Young\'/ / o

'ihis renort conlains the results of a series cf 'r.ri-

a-.dial fes'r.s run on a t-'oica} undisturl ,ccl cla..'in the iJinni-

pe{ area" The îâin ÐurÐose l.tas to cletenLine fhe sh:rr strenqth

nronerf.ies nÕre pressure che-ract,erisiics and llie effecl of

the s'urain rz+-e" A larqc nur,Lber of uniforn block sanples Lalqç¡

from the lì.ed River irlood'uay sit,e i.,¡erc avaj-]able for lhi-s purpose"
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CHAPT,II: IT

SOTLS IN iÏii, 'i'JI}iNIP]ìG J\FIBê.

The sc-¡i.Is ì n the !,,ii'rniÞe{ area have been descri-beC

in ¡rer¡ious 'a.'eï's 
l.:'',,. 1". :,'iddeir(t4), , " ,iaraco"(t), J. À

(q)
irlson"' " /t bri ei s'J:r::er\r rí +.Ìrese ¡a:.' be qiven here.

lilhe area. fhal is the Cit,-.¡ of 'iinnipeq novr was a part

of the bed of Gla.cial Lake ÄEassiz lhat, covered nost of tìris

reqion lhousancls of ¡,re¿ps "no, It is beli-eved lha.t, v¡a+.er fo a

deplh of cver 500 fe el onc€ covered lhis area. G:'eat quanbi+.ies

oi f ine seCjmqrls fro.rn i-n-flo'n¡inq rjvers r¡ere deposi-fed on ihe

becÌ of thi-s lake. As ihc ice:na-reíns re1;rea.ted anci the r,^¡aters

in t,l-re lake discharsed ihrcuch southcrn and ncrih-ee-sf,ern out-

lets the a.r.ea. fllai is now the Cit¡¡ of 1¡dinrripeg r.,ias formecl .

The scils or flre Lalle Åsassiz arc ¡redoni-na.nt,ly sllts

anrl hiøhl)' nlastic 1¿¡"ln:it,ed clal's overlyinq elacial tjll-. 'lhe

fljrst, fer,v l-a¡rers of soil up lo al:oriL B or l0 feet dcrt,h consists

of -uhe nore rlecent cleaosiis of sillfr ând- orqanic soils. Rclovr

th¿t js a la;¡er of brov¡n clalr ¿þ6¡t 15 or 20 feet in depih. Thjs

cla-1r js l-ocalb' kno'¡.rr a.s rrchocolat,err clai'. Uncierl;'inq ihai is

a.noiher layer cf clay knol,¡n as rrbluerr cla-'" This la-¡rc,r is also

abou."u L5 ar 20 feef in cìepth, iioth lhese cla¡¡s ha"ve si¡ril-ar

cha.racteri-s1,ics. The clav conlent of bolh has been found to be

aboul 75 or 80 oercent" The na.tural lnoist,'¿re cont'enf is usltaily

r'lrnrr* (fì 'narr:en*.. The liqu:d, I:i :r,it of ll^e cia.¡s avera{e abcut-"- **'i*-"' ¡."-

90 and the averaqe piastic llr,r.l is abouN 30" The cjeqr"ec of
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sat'..tra.ij-on is u-suaJ-I)' ver-.' high and close l,o 100 1" ilan¡r :ir-rniree

huilrlirqs ha"ve ícunrlaLj-cns in 'uhis sLrata a.ncÌ in reqions røhere

the moi-s'r,ure conlent of lhe soil does nct uncl ergo large chl,nqes

these founclations have been founcl to be ver¡¡ satisfacl-,cr';r. (',¡"R.
/: r \

- \ I¿+'i \:i}CÕel-l ).

Beior.,¡ these fluo above irLenfioned lavers is found rrhard

Ðar.rr or 3lacia.l l:ilI consisfing cf a mi>:lure cf s¡fld¡ rcck flor:r,

øravel anrì bori'ì ders often cemenfecl, a,ncl below lhaf limestone rock

at t,otal denths of about, 50 or ó0 feet"

The qrounci '..¡ater conditions are ratÀer rrncer.tain in

the varvecl cla.-'¡ areas" I'lost of the soil Ìrel ov¡ a rìenlh of alrout,

I feet is r:sual-lj¡ &Inos'r, fulllr saturåled and a sir.bsl,anfj,al zone

of capillalrtr rise is believed to exist.
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PROPliiì.TInS 0F 'Ir-il SÛIL AIJD S,ql'{Piil PrìliPl*ìÀ'ff0l'l

The soii

oles iatrten fron ihe

pt'oler+"i es of ',-his

a::e qiven below,

t,es't ecl was faken from und-islurbed

.Ê-ed River -F'lccdrvav site. Sonre of

scil as cleiernined b;i lss¿s on lhe

block sarn-

lhe relevant

s arirol-es

Tlon* h

e+ Colour

ll'ioislure
I Content Specific

i1
/a Gr'¿vit,

l,t ôtìt ñ
---'1** *

timit

Clay
Fraclion
¿t a 

"AO2

20 58.I

5!+.5

2.76 LLI+.5

LLz"2

T./iBLE I - Sorne nronerl,ies of the soil tested

The licluid anci plastic linits of t]:is soil r^¡ere verv

close tc the maxi-mum values reporled for soils in the Ir{innipeg

lr )
ãrea - I3aracos'-', In the samples lestecl the degree of satura-

tion varieC befr,,¡een 95'1 anci lOOl (fa¡fe 6), The soil vras easy

to hancjle ancl test"

Prepa{ation of test sl¡ecinens from block Þamo}es

TesL specimens ,¡r€r€ câr€full¡r cul from blocks. A

r;\Fire saw and. a knife rdere usecl',,c cut lhe blocks into snaller

rectanqular' Þrisms. The encLs of each J'risllr i.Iere t,hen trimnied

parallel lc each other" The Ì:risrn v¡as lhen mounled on a rotarlr

soil lrimner anci converted Lc "- c;'lindri-cei shape by carefufl-y

siravinq ar,ra--¡ al-l ihe su::pius material usinq a r,¡ire sar'1. The

specimen v¡as finall¡i shorienccl fo ihe requirecJ lcnglh b1r in-

ser'r.in,r it in a c¡rlincìer anC lrilnminq cff the ends usinr ihe edscs

I IdJ UIU

Liniit
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^f +Iìê Fr¡'lin,-ì-- ¡- -"i Ä^- 'nL'^ i ¡f,ç¡n¡l clraneler Of fhe C-,rlin_

rìer used (f "lO inches) øives lhe cìlarneter of the samnle tesled"

As suclr when Lhe Ðrislns rdere converted. fo c-¡lindri-cal shapes,

the rotar¡¡ soil lri-r:ler rvas acijusLeo t,c qive a cìieneter es close

t,o this as possible. The heiqht to dianeler ratio of tìre speci-

rnen was kept at tl.¡o so lhat lhe specinens tested r'.'ere 1.1+0 inches

in diameter ancl 2.S0 inches l-ona ini,i;iall-y.

Durine the preparation of the test, specimens from fhe

'biocl<s ever\r care 'hras ta.ken to núnimize surfa.ce eveÐoretion. Tem-

porar)¡ rese¡Ìinq r,ras carriecÌ cut rrrhenever necessary and llle san-

¡l es wnre r,rr¡nnad in llsarân vJr¡nll ancl. covcrecì v¡it,ìr cla-rn raps at

all 'r,imes. The sa-".rËIes nct i¡rurecìiatelv useci in test,inq rsei:e

wrapned inrrsaran v.rraprr, col'erccl bv aiur::-inrm foil ancl gi-ven tr..lo

coa'L'ìngs of wax. These fhen were stored in a moisiure room, iJo

apparent loss cf moisture was found in an¡r of lhe sÐecimens"

In preparinq cylindrical -"annles attention was paid

to lhe lar-rínaticns in Nhe naf,rral soil. The;r v¡ere naCe with fhe

cylincìrica.I a-xis alrra.-¡s perpendiculay' to the direclion of these

laninaLions,

The varia.tion of the moi,sture contenN r..'i-thin the block

'v¡as found to be ver)¡ snall as ce"n be seen fron the values in

Table ó, The soj-i samoies l^reT'e eas;.r to handle anrl. iest.

UncListurlred sci I ¡¡s. iiemoulded soil

Tn man¡r invesliøafions of

nf qni lq l¡rr¡. hafches of wefl ¡lixedr!: ¡ Áv 'J

There a.re Lv¡o mâ.in reasons for this,

qL.nzr qt.renoJ-h nle.r¿.clcristi cs

Fêrr^r1'ldcrl crrnnl oo ¡nn rrccâr vtltuulçLuu aG:lrpIgJ a I u uÐ çu o

lîi rstl rr- i t. -ì s diÍficult,
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t.c obtain perfec+,ì-v honoqeneous unclisf'.;rbecl sairrnles oi s¡il in

suíficienill- Iarqe nud^rers. l'lle varietion t.Êt i;ìâ-,' cccrìr hetl.¡cen

individual sa¡',rnles is }ikelrr to lria-ke cornnarison o,i +.esf r"esulís

ciiffi.cult. Seccncll¡¡¡ ren:lculclinq enables a confrol lo be exer-

ci.sed over the ivaf er c onLent cf ilre sci-l tesf ed,

Tests on renoulderl sojls ..+ouid cnl¡- helo Lo indicete

Nhe natlern of soil behaviour ancl is essential 1.r¡ siiiied for a

quali*r,atir¡e slud¡'. In \jinnileq cle.'rs lhat are kno¡rn to be 1a:n-

-ìn¡t.crì r¡rnnrr-l fliñ- Äôê+nn.'c *irÂâe 1¿1'nina.liOnS".l¡¡f¡vvuJ5uv,



Ci-lriPT¡n fV

liPPhi:;irTU,i irl,fl PTTO JLIIJRiI

Orrl¡n' a brief cl esc::iÞlj on of ffre 'lri¡r:.j-al :e,siinq anpa-

"al,u.s 
need be qir.ren lrere, a.s lhe s-lanclarri ir¡re aÐnaratus c.lescribecl

-ì¡¡r ij shon rn,.'l IlanL:e]-\ )' ,,.rr,., ltsecl .

The lriæi-al- ceils 'i{e.re lire sl,auclard i.-¡pe u-<ei íol" lest-
. -1inc i.- inçþ ¡li ¿'¡1ster sa¡npies" A la.beliei di-a.tre,rir of litis is

s,.to..-.n in 1.io^ |-

'lhe svslern -fo":' cc¡nl,rcllinq ii:c celi ;ressure '¿¡as .Lhe

sclf ccrnÌrens¿tina I3c:r"our-1¡ ccnl,r'o} tyle. iliis !:.,ea.sr,r i'J oÐciî¡.lie

ancl cnce :;e't,, ibe ccil presrjrit'e c8-rì l)e r.lrainÌ,ar"neci cons; i,anl, cver

a ionq r:cr,i*ocÌ cf t,irne.

The pore DT'es,qr-il"e ríe,rsui"ilnq s:¡5ì, Êit '¡as iire nul 1 i nclj -

saÍ,oy f)¡le ancì',{irs rtrÊr-l'LiÉIli;'operaled" Ori¿ii.naily tfre Ìfllessr-ilîc

conneclion to lhe trj-axi-ai cell ',¡at a poir-iì^,ene fube. Cn undrainecl

fests run al â râr.,c cf str,ain of a't¡r¡r;cirnal,eiy 3.5,4 p,¿r hour,

the pcre i)í'essrì.rîes',"Ici:e founcl lc be sr¡Lal} . The oni. saLi-síacfory

explanation ior these ver¡r io'uv vai-¿es of pore pre-csure on 1^¡Ììai

i,¡aE; belìeved to be futi.7 sat,u: ¡ied nor"tnall;' consoli-dater1 scii was

the possible ernansion of Nhe i:r"essure conlcciion 'r,ube. This i.ras

replaced bv a flexi'ole coiled conper i,u.be as the pcre DresslLre

connection fron ihe triaxial cell" i.ioi'e acce¡t,able ìootîe-Ðrcssurles

idere recorded cn lhe saire soil ancì Njrese resrrlls are discilsso'l

els eu¡h e ::e-

The p:ener.:11 set, ''r-p lor a.n unconsolirla,Ned. u-nri ra-i.nerl tesl

i.s illusi,ne.i,ed Ln fis" 2"
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P::oc ed,¿re

¡ti} iests rder"e run an 1z.l¡orator'l¡ reccnsoli¡-ìaleC sanpl':s

cf i;nd-isiurbecl cì a;r. Ãs such, NÌle prccedure f or seilin.3 tip ci

f.he soi-ì -q'lecimens and ihe iniiiai consolidalion Ði'ccelss r'.tere

the sa¡te for all lhe test,s. Oni-t' ihe suÌrsequent shea.¡'test,s

rrari eci- rlenr-:nc]-ì nq on hol^¡ and unrìer whe.f condi*iions lailure was

caus e cl " These clif f ercnt, 1.;'pes of shear f esf s are d.iscl-rssed l-ater"

,lnlrr t.l.r- ini'.i a-l sf't,+,ino Ìln atr,-l tlic consclidai,ion of {,1^c soil

^^*.^-r ^^^^:,-ibcrl hc:ce.ù aili-'Ic è ¿J. ç '-rE J u

ìirry cf i,rr; preca'¿b:ions nccessa-ry- duri-nt ll:e sclLing

lln nf p qrrr,-.ì rr ior ¡ f.trst. - pre t,¡.ken tO avoi-rJ Oi- ost,i.ì;rr i,rrn:terì

i.n an;. cf lhe lj-nes oï" coìlnecLicns lea.dinq to'ihe Ðore; pressure

measuz'irrs insìi,r-ùnent. llntralrlred eir causes a iime la.q in the

rc_qister"in¡¡ cf pore Ðressure; qives rise to erlioneous resu,Its i¡r

t,he case cf lhe undrained 'bests r'.¡it,h nore pressure lneasuremen'L.

llhe base of the cel-I lvas inmersecl- in r¡ai:er v¡ilh tÌ:e

valves l, 21 3, Å, (see Fir-'" 1) open" These were lhen closed. ancl

Nhe cell base was lransferred io the loarliir,g plat,for"n of Lhe

lestjnq nachine" (Innersine fhe ccl-l 'nase in 1',rater hel-ps fo fill

rrr¡ tho nnnn'r--l-i no l'i nes f ron the valr¡es lc the reclesf al rlith w¡+,er

ancl cel ricl of anv a-ir lra.'tnecl in +.ìrem) . Two hitrelies half fitierj

,,¡ifh de-a.irecl wafeï'v¡ere'uiten connect'ed fo fhe cuilets 3 and /+.

This '+as io allow draln¿rqe a'u tiie lop an'i boLtor,r ends ofl fhe

sairrnie c¡rrinq ihe inifial consr¡lidat,ion staqe-*from lhe loÌl

ihrouEl-r i,he porous sione in ther load cap, upper drain lead a.nd
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Ki-inserî .¡r-Irre 4 intc t,ìre bereLte ; Ír'o:r fnc bct: o:: 'r,ìrïouøl: +-he

i',li;r'er r¡elve 3 into the cther burei|e. 'lhe voluree of l¡ai;er thu_s. "+. " 2

collec+-eC is a neesuïe of tÌre voiure ch:nge i¡:l a saturaied sai-rple,

;i litlle r,¡af er l,,rå,s all-ci.Jed to fl-ou bac]< fron the buretle

t,o co-¡er t,Ì^re perlesl;ai. A satur¡t,ed porous d-isc ,'¡as siid on'r,o fÌre

to¡: cí tìre pedest,al" The sa.npie of cla¡f r,{hose initi:J ciirnensicns

¿¡¿ r,.rsi qht, ¡¡¡er"e no'r,eC n'as piaced on t,jri-s potous disc. ll,: a.ccel*

erate consoiicLafj-on sal-"ura.',,ed filt,er pqler drains a:le lrl-aced ro':nd

t,he specirnen before it is 'riaceC on 't,ne ledestal, (fle filr-rer

pa,oer uscd r.ras 17'i;'r r'n'le ¿ncl ...¡ere plac:cl aL i/ t, inch iniervals,

lenri.hr.riqp ¡lonrr *.h- qtYn'rlâq T¡.rn nian¡rq ¡f fili.¡r nårrê-. eir.*

cular in shape r¡Ier"e'lliaceci" el each end bei.'¡een tlle end of 'L,he sam*

n'ì e ¡rrJ t.he nor:r'r. ,-lisc.^'r T',ro r-ubber men'r)ï'û.ncs tJcre .:iaceC cr¡er

fh¿ sanule usi.ìr[,, I ne¡lrrane s+,rel,che:', anl iÌre I'r'.ver-;:arf of the

r:re:lb: ane !'rês seal€d t,o the p€des+"âI t.¡rt,h tulo rr0rr rinqs" Bc-flc::e

*ì,ro ln¡rt nrñ rrâc .^'l ^.,^i ;- -^-.l+..ì ^- ^-^ +'^- ,,*r-^]i end sealed offullg IU4tÌ U4P iVaÈ lJIdU9\¡ rlt lJU,f.L UaVlt GttU Urr; *ìJlJVr çtlu ÐçoIÇu vr t J

vehre ] i,ras opened and sôn'l h'atcr'..'a.s al-l ci.¡ecì t.o flo'".r upr.rar,ìs

betr.¡een t,he srecinen anrì lhc rubbeÌ' neinbrane" (Tìre ai:: trapocd

be+-ween the soil sÐecinlen and the mei¡b:'ane i s driven oul thi-s

\ --rreJr.) The IcaC cap l,ra.s c¿r'eÍrúly Þl accrl in nosjllon netit, and t,he

ur)Der" pa.r'f of the rthber nc:hr-'Lne iJas scaleci fo lhe lc:.d ca-p r.ri-tr

O-ríngs, The burer,+-o connectecJ. r.o valve I was fhen lo,niereC wi.i,h

i¡:¡ltre ? r-lnr.n. so iì1¿i a fel+ inCh..* nf i'1 r:62f,j¡¡e hnr,-l r.;:r criina!.!¿vv ) vPv:\9

on thc sa;nirle" (lre excess:"aler i-s ¡:eiloved fhis r:arr anrl f.he

eli -Þrf norqf irr- n¡-qqìi7'tr ênq111 ." thal; 'r,he SanÐl e i S -"it,f,ina f i rnlr¡



on lhe reclesbal) . ¡\íter a. f e",¡ rninuLes l,his v¿rl.¡e r..ras cicsed

the lbu-i:elle ret,urned lo a convenienf nositicn v¿iLh lhe leve'l

fhe l"aler in i.i in line,,¡it,h lhe cenLeL: of Nhe sencl-e'

The ocrous stones r,'¡ere cleancrl and sa'uuraterJ. br,' leaving

ihen in boilins ',.ialer, bef ore use. It is ,geccl nractice to ccnnecN

lhe load cap (i'rith the satural.ed norous cljsc in:lacc) tc lhe uÐper

cì"r¡jn lead, irrirLerse iN in.ie-aired -'raler and arrly a suction press-

rrre at, the encì of the buret,l,e connecfecl to valve 1r" This ensures

a clean air-free cì.rainaqe line"

'i'he ton .rarb of lire cell rvas next rrositioned i.t. pia.ce

a:rcl" r,he base of lhe cell w¿.s assenbleo. jje-a.ired r,¡aier 1^Ias nln

into the cell fhrouÍh Lhc openin? l, rtiilt lhe blccrl va.lve keirl:

open. ',ihen Lhe ccll i¡as nearJ-¡ fnll a.bouL L/l+ inch oeolh of oil-

rnras infrorluced. l.lo¡le r.;ater was aclmif ted ancl an¡¡ remaining air

in¡as d.riven or-rt throueh the bleecl valve ancì thjs was then closed'

The loacl"nq a..rr,mgcnent,,+as sel uo, and Lhe cell l^Ias connecfed

to the iler"crtr¡r pressure s¡¡slem throuqh valve 1. The pressure wâ.s

adjtrÌ;ed io Lhc desjred value a:rd valve I '.r'âs c¡renecl . Sinul-

fa.neouslv valves 3 and /1 Ìrlel'e onened anci t,]ie buÏeite readinqs

were taken at suitably snacerJ intervals' 'Ihe chatlqe i.n heiqht of

lhe sæcirnen wa.s obt,ainecì by usine a dial qauce set lo zero

ini:ia.ll¡¡ vrit,h loadinz ram i-n conlact with t,he ball cn the loalling

cap. Ä qraph oro lrclu¡lie cìrange aqainst lime was plo+-ierl to ascer'*

",,aj-n ií consolirJa-,ion t,¡as complete" Usu-a.1i,-,' th" consclidafiori was

comnlete aft,er a.boui /rB ho'lrs"

t3

and

oï
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The settinr' uÐ ancl lhe iniiial consclicla;l,ion n::ocess

rvere the sane fcr all t,he iests, The drai.ned +.ests coitld simcl)'

be s'¡.q.rted af'Le:'this; the verlj cal lcad increased or lhe cell

nrêqqrlre rìccrepsr,rì de.rencìi nø on hcru '',he sJre ar f aj.Iure is brcuqht

about "

In bhe case of ihe urrdraincd tesis ii was necessarv Lo

transfer the cel-l to fhe testinc machine and for lhe core press-

rrrÐ meâsr)r,'ìnr¡ s-,¡stein to be con¡recled bo ihe'l¡asc of tlie celI .

Tn do f.his - r.,'hen the consolidalion r.rqs co:'rlrleLe v¡Ives 3 ancl /+

were closed ancl the pressure in t.lle ceil t"¡as tenporarily reriuccd

to zero. The celI a.nd lhc buretfes were then relovedL as a. unj t

and l:lansf errecl- to thc 1,esti-ng nachine. The celi tressr-1re was

annli ecl once acain" 'Ihe connectj-on Lo ihe buretfe ai I r,'las re*

rcoved.

A iifi,te waNer ldas Ìlassed up'rtards t,hrcugir val-vc 2, txt-

cl-er a small Ðr:essuïe o-f a.bout L or ?- Lb/sq" in" and ailo"^re,1 fo

dr.ain out, througit 3o while conneclinq ihc Ìlore-ìrlressure neasuliinE

sr¡st,Èìn t,o t.he b,¡.se C.f the ceil al va.Ive J' It, r."¡a.s neCessa.ry ì,o

ensr)re that, t,he por€-pressr:re mes.surinq syslern '.'¡as free of air.
/n\

The Þrocerl-ure for this was stan.lar"d. (gistrop ancì Herlkel\J/).

The und-:'ained test rnriLh ¡neasuren'.enl of oore-oress'Jre was then

car:'ied ou+- 'r¡i'',h the chosen r"a.ie of strain.

JonsolidaNed UnCr"ained'lest,s

The sannle 1,{â.s sef ur. a] h-cwed. Lo conso}ida-i;e rlncier a

chosen cell pressure, transf erred tc lhe lcs'rinq nacili.ne and conn-

eciecl. fo fhe Ðoi'e-pressure rle¡ìsurinq S-ræleln as Cescribed earli er"
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The criai qêrr-ges lhai irreasr.rre -i-he lcad ( cieilec¡i c;n cf l -ovinq rinq)

anC s'i,ra,'in i.rere sef lo zcr"o r¡itìl no load aclin,T" Tnc nachìne 1'ras

sel fo fÌ¡e ciesirerl- si'reed ol' ra'r,e of s'i-r¡lin a.ncÌ fiie test t¿as sia:'-

Ned" The c.lial gauil€ readines ancf Þore ÐressrJre were la.ken ¿lt

equal interva.Is c,f bine, unf il failure. The choice of a sui'r,able

raie of slrain was irial and error. It, sl¡cul-d be slor" enc'.tglt to

ailoi,v for ectualizatlon oÍ the pore-pressure r¡j-thin t,he sarnple"

Thi s is d'i s cus s ecl el_s erorh ere .

Over-consolí_dat ecl Unclrainecl Test s

This t,est was run the sa::re r.,Jâ')r âs *uhe consoli<]a'r,ed un-

ij.rainecl f est, erccnl thal +"Ìte soil was riaborsr-ç;ytr over-consolidateclt

bef ore ca,'.s i nq shcar Ía:i Iurc " lris t'ras clonc h¡¡ l:-rs+, r-l1oirinq

the sasple lo consolidate at, a bieir cel-l prcss,re (i20 1-b/sc1. in'

was chcsen -fc¡r these tesls) tor abcrrt /¡3 irours ano ik:en al-lov,rinq

ii to sr.vell hack at a reducecl pressure, f or about a¡other /r9

hours" The shear iest r+as ca::r'ied oul the salrre l';a\r as in fhe case

of lhe consolid.afled unctraj-necl test.

tlonsolide.lecl Dra:ned Test (rninor nrincinal si,ress <f 1 conslanN,
m¡ ior nri nciual s'"ress <t. increasin3)r ----- -

The sample ,.'¡as sel uìl as c.lescrihed earlier and al-Iowec

ic consolidate for abouf 43 hoirrs uncier a choserí cell i¡ressurc.

r..hen consoliiat,i ¡n 1'rûs colnnlete tl^-e cìevi-alor strr^^- / - \YDü \e L- a'3)

v+hich was initiall¡' 2""o v¡as inc¡'ea.secl in steTrs uniil fe.ilure

occurred. The load increnenls usecj, r^¡ere lC]i ci lhe est'inE:led

failur"e load ai ihe s'L¿rr.N of ioading and s:ialler- incrrenenls e-s

the îailure lc;rd i^¡as rea-ched, After each increnent cf loadirrg
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fhe sa¡rcle ues alic-r.,¡ecl lo dr-a.¡n p¡d ccnsol idaNe f or a.ilou'u 2-f Ìrours 
"

i-.'1 ¡l rråurr.. and l¡uret-r,e fepri-jn¡¡s r.¡er.e faken e-+u ihe siarl ancì'bhe

enci cf each load increi".ent ar:d al suilabl¡r s1:r-cecì. inlervals"

ThÍs '.,est, r'esenbles a continuat,i cn of f-he initiai ccnscliclali-cn

Ðrocess rr'ilh the ¡rlCi.t,i-on cf 1.¡erii û al ioacì inc::'er;eirts cr-l tlic

sa'.rle es lhr 3n11r gillerence.

ù ons :li ciat, ecl lt l"a j ncd T e s*,, (

The sef,tínq ';rr cf

da.t,icn ,r'ocess was ihe sane

c ons cIi ciali on l''a-s c oliplei c

-,i, decrea.sirr,q, <; t constant )

lìre sancle and ''.lLe initial ccns;oli-

as in fÌle resi of lhe 'r,esfs " Aft,er"

îei}:::c cf t"re sa::rple was l¡r"cu.qht about-

f.¡ keenrnr¡ 'blie i¡cr"i,ical sl-r1css cn t,L¡r: sancl-c al '¿ìre sårte '"rãl-ue

cf the init,ial all::ouirri- ÐressrJrc ancl clccreâsilnq lhe cel-l nress*

ure in steþs. unii,-1 Ía'ìlr.ire" 'llr..e cel-l pre ssurc 'ida.s decreased

'in sf cps oi iC ' cf t,.e esti:r¡.t-d 'r.ri¡-l ccii prcssr:re ,'lrop iteccss-

^-,,- + ^ {'.'i ì ,,-^ ^+ + 1^^ -+ ^.1-.1 Of' r,'lle i c5,u a_ni Sn,al-lef 1;e_4: \¡ LU U.ILL)ç L<lf IU.r. UJ dU U.¡ç )UO

crenents \,rere used as fa'ì lure l.ras ::eacheci. X.s 'bhe ceII Ðressure

i¡uaS deC::eaSecl jt, Was neCeSSAr\' 1,O:lar,<e iln¡t¡ CorreClion*s tO the

verlical loaC on the sam,ole Lo keepc 1 constanl crue io the fcllow-

1nff

/: \

reas ons .

¡\n aclditj-onai ioa.d is required lo balance lhe d,ec::ease
in lìrc slress (.;I) ciu,e to lhe Cecr"ease in Nire ceil
Ðressrrre. -iìris i.s calcullt,ecì b.' nuli,ipl;rinr 1ì^t-' ?rea
of t.hr: s¿.ninl e before lhc cel-I pressr-rre 'i s reduced b1r

tlic a:ioun1, l¡;r i1r¡igìr flrr cell ;:ressurc is recl'riced (z' <; 3)
ei €ach stace"

The irrrv¡aro'. force on fhe loa.r.ìinÍ, t?-n. i-s reduceC v'rhen

the cell .oressnre is lot'ercci. and Nliere-fore a corres-
llonclinr ciecrcase i n the verii-cal Loaci i s necessa.r¡l ior
balance. The rerjir"clion in t,he loe,ri on fhe ::aqi due io

\l.f/
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T,hi.s e fÍecl i-s oittairreri b.-,' :re::el .' :rrJ-iitl¡rin1 lhe cross-
sect,icnal a.re a oil lhe r¡:l ( i. inch cì-i,arnei,er) b¡/ r:. <; 

".
To ari j,-rst, f 'te vcrt ic :i Ioacl f or ( i ) and (:i ) t,tre valve

l, corne ci:lno' lìre cel-I lcr lhe ìnet"cuT"y jlre ssìtr e s-rcf ::rr r.'ràs f ir"si

closeC." The ce-'l-l- i:ressì:tîe was l-oi,,'er.ed lo the ne'r.,' value. The

r-iec€ssâr"r¡ load fo keep t5 1 ccnsfanl , r,ras acjded. 1;o fhe icacìins arn

nf *.ì-'e nl ¡f,f orr SCaIC inrl tif : Vtìr.c 'l 
"rq or.=nc,d qir¡rjt.rne¡,'slr¡Y'¡!\v!,.:i.'vill¡lviv/*JtJo

Al e¿.ch s'l.,ale l-hc sanplc l,,rås alloi,¡ecl- to Llra.rn eni conscli<ia+-e for

e.baut, 2L hor:,:rs 
"

In al-l- tirese t,es+r,-q aft,er. shear ilri,lurc, iÌ-,e ioa.cj. was

tìre cei-ì- nressurc i.res reducecì T.a z,eror't,lie,..¡¿te:c in',,he

Í'un cul ano -,'¡a.lei' conleni; 1,esis were done on thc soil

The l":aier" conient, a.L lhc t,op, boitom a:rcÌ +,hc fail'.:re

r,',¡as det, erlii'rred.

re:lovecì.,

c e1l rn¡as

s årÌÌ-irle .

f çr-.!urtJ

For"e Pressure vs . Hrrcìrosf at ic Conf i-ninp: Pre ssure

A methocl. f or eva.Iuatinq 'L,he l:cha.viou:: of tlre oore-

r)ressure ¡neasu.rin- s1.õlen is 1,o clet,cnline +-hc vari.¡li.cn i-n pcr:e

Ðrc3sì.rre t"nfl-r in:rcÍìse of h;'crostat:.c Ðressrlr€. (..lasa.'ranele ancl
/ F\

uj . ^^t^ f.- ^1 ,.r \ ),/ \1rlf, ð9lrr f,"j_Llr I o

.4.'r. ordinarlr prcssures th.e nore u;ater and the soit qrains

in a sa¡rÞle of soil ce,n Ì.:e consiclered lo Ì:e inconnressil.Ie . ioe"

t,he volu¡ne of a safuL:a.led, soil and consequentl;' ¡¡u voicl rai,io

r.¡j-Il y'ernaj.n consian.L unrler conciifj ons cf no clrainaqe" Therefore

if a s¿Lmnle cf soil is a.ssumecJ, L.o be i00í sair:rated an inc::ease

in the confininq Ðrcssrlr'c shoul-C cause â,n eq.lrp.l- increase in the
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poÌ"e prcssure " In an icieal s.¡:jf en Íor ¡neasll-r'inq pore Ðressur.e

lliis increase 'r¡ili be regisfe:"eci as an ir:rnerli.aie rise in fhe

lore Ðressrrre f o it,s nelrr vaiuc . äence lrhe r¡äri alion of Þore

pressìlre with cell Ðressure i s lincar anri ha.s a p:radienf eoual
. lrql.Lç crte. This corres j:onds t,o B = I¡ (S!;enplon'*"') 

"

In oroble:ris concernins the uncþaineC she¡r strenqlh

o_i soi-Is t,hc oore Ðressure cianrìe (o*) r.¡hi:h occru-s unier chanScs

in ihe rrrinciral slr:sses j,5, and I'c;a, has been exoressecÌ by

.f1.^ ^^.,^.1: ^.^u!1ç ç(ìuóuIUItg

f'tz= ni--.c a I i,(,..el -^63) 
I

¡

v¡hcre A and B e.re refe:lrec,ì to a.s 'r,he Ðore

cr .ocrc Itf essure na'r a¡,leters 
"

( 18)
----SkernpLon'

Ì'ressurc coe fficieni,s

In the derivation of the above exÏ:ression Ihe aritlica-

f-ion of the s+-resses ¿1.,í-^ r ând..-,(lr have been consii,ered. in Lwo)L

q*,¡:es : f ìrst,l r¡ ^'r 'l -^i:nd lnc.rerrlent, .1:¿l ^ rnrì - s..ecncll v\-Ud',çJ, -J \-Ur.'/, c!l çr,tr¡cI GI¿-! UUt\.r f llU..çli¡çtlt, ¿-r\- .4 _¡rru, .Juvurr!.+../,

a deviator stress (¿'6 I - ,---'s j) . The chanqe in pore pressure

has becn consj-du""U ""Ott"f "fí ccrrîespondinq to each of these

sf aqes, f n other rrorcls,

L(:, = ;\"{a / lLti r1.,

wÌære ¿.ea = pore ffessure che-nqe due

.i,r:d : pcrc pressurc change d.ue
(¿sI -.:,f3)

The coefficien+. B, has bccn shor'¡:r No be si.vcn

to t,he

to ihe

applicalion cf .1rl a.

aoplicai;ion of

l-rrr *hc .cvnrccci nr.,--*-n,
.-Ð-

¿!_(:à - !.-

,aÇ
1/^r1r r rlvv

Ç
¡nrnq-i 1'.¡r nf f.h,' soil
eonnr:esi hil i i,-r of lhe

ll ll ll

n
cv
cc

nnne f I rri rì ( r-ì r"

soil structure

l¡here
and i';ater')
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In the case oi a- full;r saturaied soil, "l- is anpr"odtna-lel;r ec.ual
cc

La zeyc since the conlrressibj-Iil;¡ of the r,rafer is ns_qliqiille con-

oared to lh¿:.t oí the soii skel-et,on. In ofher wot'ds, B = I or the

ôôre ñ.eqsilre Ch^*^^ i^ ^^'1-r '^ f.'rrc r:'r:nse i n t,he all fCUnCiPUr ç r uJJ4 u v.¡.lll-,ç rÐ ç {uol r/u uriu

nrêqsrìr rr i n i,he câse ofl ¡ fu-l'l .r saturaied soil unrÌcr ccnCili.cnsvrv.Jv\A v !r¡

nf nn rir:ri npcre ^

'^-q ireon oi rrcn ìrr¡ *.he avry e.lqi nn'-''L d 
ttø- rvull r.r v v¿r t.t urlv vr:u vlrJr v1¡,

..,-i-¡ ã 1 " A " (-:.;.., -.6a)Lr--e)
I / r¡vv
-'î*

i"e., zl;O = B . ¡- . (':e I -,:'6a)

wherc A is a coefficlent that deænds on the elast,i-c pro;lerLies

of the soil For a n¿i;erial that beh¿ìves in accorci.ance i"¡ifh lhe

elast,ic Nheor.;r A = L/3" In soils À varies qreatl¡r from this val-

ue and has to be clcterininerJ er-cerirnentally. This is ùiscussed

eis ewhere,

Irr t,ne case of ên unsaturalecl soil fhc condition B = I¡

rloes not, ânrl .¡ þecerts e ,rf f.he rr csence of ai-r in tfre voitls .uvçJ t ¡v u

Ini|iall;r B is less than 1, bub as the confining Ðressure in-

creases a.nrl conse,luenlty t,he FÊ essr-rre in the pore uat,er, Nhe

theorelical value B = I for a saiura.ted soil, is a'¡proachecl"

Ás Nhe pore Dressure increa.ses, lhe vol'rne of air'in the vcids

decr"ea.ses ancl much of it [oes inl,o s:rut10n tìre:'eb.,' increasínq

ihe de.qree cf saturaticn"

In the case of an unclislur"bcd- sarnpic of soil- that has

nof been allorved to re*con*"ol-idat,e there is al-"'a;'s an ini'-t,ial
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tensi ôn or a ne¡"ative ÐOre Ðr€SSLlt'e in +-lre Dore üater" llence the

curve relrresenfinq the varialior-r of core oress-Lrre lrilh coníining

Ðressure lrill shcr"r a neqatì ve intercepl . Thj-s nega',,ive nore

ôressrlre ¡loes not alfer'uhe linea¡ 1r¿¡ia.iion or the B = I con-

d.ifion for a safurated soiL

The resul-ts of such a test are sho\,,rn ir-r fier-rre ó" The

sarnnle was set up as described ea.rf i er but -r'¡i-th direct connection

bc t,he pore Ðressure neasu-r'inq device. l{o ccnsoliclalion **as

allo',red" The ce1} prcsstrr"e i,;as increa-sed frcrn zero lo 20 j-b" peT'

s,1 . ir:" and lhereaÍter in steps of L0 lb" per sq" in" .A.íter each

increnenl ihe pore Dressure r¡/ês ir€ê,sìlred allo'rrinq 5 ninutcs be-

+.rreen each inc: cneni cl ccll prcssure" The sal',plc tested sì:t.rccÌ

a degrce ol saturation of 983 inilially but ei cell Drcssures

shoivn it can be a-ssr.meri to l':e full-;r saiurated. The erapn showjng

ihc variation c-f ¡ore Ðrerisurc t,¡ith ceLl Ìrr€ssure, shoim in fie.
1l ^\ ^**-^-i*^+ ^q vrarr¡ cl osel¡, t,n f.hâ .aôr'fêc+ +.heoreti-cel var.i.a-u\c-/ d.uvl w-urlrd-t,çÐ vgf, .\' wrvuur..' uv u:Lç tJ-f :çv u ujl

tion to be exr¡ected in srrch a test. The neqa|ive intcrcept ob-

t,ained by ext,rapolation was -{.0 Ib. per sq. i-n" Tabulaied below

s.re t,hc cÕr-rîesÐondinq values cf .t'd j ancl ¡.,'( ¡ alcnq t'¡ilh the

value of B for each incremenf.

/, A: '),*/
I 

--i Ib.per- sq, l-n.
i LLín
I lh nêF q^ in

o
20 "0
3c.0
¿Ì.0.0

50"0
6c,o
70.0
80.0
90. c

)tr. n
?r. n
/,? o
)) oa
ojt ou

()a"a

r "ooo
c"900
0.990
o "970
0.94.0
o "950ô OT/ì

Table 2 - Pore prcssure pa:'a:let,er B
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rr-Lq" ó (b) sho¡,;s fhe t;.pi::i r¡ari¿i,icn of pci"c Ðress,-it'e

r.;itli i,i:ae iu::ing a l-0 il-." llerî sr¡" in.'inci'enenN in cel-I Ðress',;re"

Thcoretic-'lly the por:e pl'essure si-rcuiC increase l¡.r an ecual alount

ì *rred-ì¡ f.el r,-- -'l'lrs lst-¿] f ine ¿rl-"1 or,ved for t-Ìre ineasw eneni of Ðol:e\, vrJ 9

'::rcssl:.re ì.eforÊ a nel^I incr"erirent of ceii ¡ra€ssui'e i.,ia.s anplieC,

ldas ! ninul,es, Äs the cr-rr"ve in fi S. 6 (b) shor¡s llre oore Þress-

-r"^^ -"sien \{å-s sensiNive and ainosN ihe en-r-ill€ increaseúa ç rrrç cl.- Ul- J- 1 I '-) J ,

: ñ +l-., --^' ô ñ'..,1 +r-rn '..- q al''ì cì,-l .r 5!1g1¡¡ "u. Lv lJv.- -lq--v ''-rJ

,Almost, no decreå.se in lhc ireioh-u oil iìre sa:rpie i¡¿ts oÌl*

se:lved. This condj,fj-on is nol unusual in a íuliy salui¿'i,ed, sarll*

ple i.ìcr lhe::: is nc 'rI'?i-ner.:c o

T]-ii-s test, í¡ro.¡icìes a cliech on Lhe re l--i aÌ:i l ii-rr oi r:nc

pcrie ru'essil-re .ric¡ls',"r.Ii-:o{ :;r,sis1r'i ar': ,-l liel'ls 'r-,c r/3f iJi'..--,' l, lt¿:i,, liie 'i:o:le

prcssurc pe.T';r¡lLeior B : I for" s;¡.ll-r::lfei"ì s j-is"
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{:iralå-Y.

-H"LlU:-iü1*l,!1li'É;ï''T.

Tlie resulls ar.e nresen,¡erì qi:¿:"phica._tì_.,r in ¡he ío-¡'lrt cf

{i} S',lr€s:ì*S'l,r'¡in ci:¡:ves
{:i ) Pcre pr"essL¡re-slrain ctr"r.ss/.. '\(iii) --oì-:T cir'l.l-,15

/i f¡rlica.l- set oí r'esuiì,s icr a consol-ici¿r.led uri,lraineci

-r-.:a* ¡ì -¡- 1.,-i¡ìñ ih. r,..,ëqq;rr'.f ceicul,l'LionS afè sì.1o.¡n in ;;ata!ç¡U Élvjl i \...!-úr: u::v I:úvvtr'j.¡r'..

sheels (r) and (ii¡, In lhe u.ncì:^ajrled 'uesi,s the cr:oss-s€ci1onal

ar-ea (a") oí iÌle senille aíier j-ni'.iai ccnsolidaL:ìan na.s caicuia-

ied. assr-:niinq i'.tc ral¡:ie f c r"enain -':erf ec-"ì-;¡r c;rlincirical in shape"

ãc ã åo . (L f-avf '¡o)-
L-t

whe:le ao: ini'-ial âr¡t::'a,¡le crcss-'qec.Licnaf, area

Áv = cha.nqe in voluliie

r¡ = iniliai vcl,¡xe
o

É = a.*i,al- slr¿.in

Ðr-rrin1 tite sl:earin'q staqc wlren nc char'?e in vcl'rne ccc'rll:s j

4c- oo
r:-z

Ar¡

The sane formrrla, ãc 2 ê-o " Q i %), t¡as userl to calcrll-¡Je the
L-t

?;veråqe cross-scc'ui onal a:lea of lhe sarnl¡le af1,e:: eaclr s'La.qe of

I n¡¡l 'i'n^r-ñrÉjìî+. dUrinq th e COnsOlidat erj draj-ne d ieS+.S .Mr.u. Jrrv-'. v.-rv:iu g

.Ìlo correcti-on ',tas lmde for t,he r"estrain-r, imÐoos¿1 þ1r t,he

::ahber. ned¡ranes or Lhe ver"íical filf er paper ci-ra.-T-:rs" The ctrl:ec-

tions for ihese Ìrave been.oi.¿en as C-6 Ib. per sr1. in. íor a sta.n-

darC ncnbrane (O,CCçj in. tL.:rcll) ancì anprcÉt:n1,el;¡ 2 Ib. per s':r_6



in, íor" flil+,e:r Qapel" cìr"¿i ns ' a!" L5:;1. slrain. - Sishoil

These are snail encuqh lc be consiiì er.ed neqii.qible,

)?

t"i
anci Ì{enkeitr/

,{}so rn the cresent-a'r,i-cn cf lÌre re-"r-rìts Slre:is }lisi,cry

Ðalhs..cer.e clra,"ttt ii: -,,he case of lÌ-rc uncþaincd lesfs v'¡it-'h pore

pï'ess,.rre neesur erîerìt " (iries., 13 (b), U+ (b), 15 (b) ) "

I r re ss__!r-4r.9Ëy._l_at æ-

The l'fohr circies can be used l,o repl"esen'i; t'he contli*

tions of stress at eny part,iclilar staqe ancl nol necessarii',¡ fai]-

rjre. The shear stress and ihe norlnaÌ slress on the finai plane

of failure or any oiher nlane can Ìre d.eterrjncd at, an;' DarLictllar

st,aç,e of ioacli-ne, knorn-np' ihe ryrncipai siresr;es cfle end 6e.

A siress histcr¡¡ na+.h may be ciefi.necl as the locus of

points, vrìrose co-orclina.i:es are the she a.r sli'ess anci lhe norlnal

slress on ihe ÞIane on whicil failure is assumed to talle niace,

plotl,ecl fr.o¡n the slaït, of lo¿.clinq until failure, in a triaxiai

+ ^^+

As t,he definj-t,icn implies it is necess'lrr.r to assune Nlre

ulfj:rr¿.te failure pla.ne" In the case v¡liere lhe resui¿us â.r.ê re-

presented b¡r the ltohr envelope tìle fa.ilure p},ane is talien as that

plane u'hj-eh is incl-ined at an anqle ( *-r ) fo +.tre direc-Ì,j-on of

tlte plane on u'l-Éch Nhe major frincipal sfr:ess acts, r.¡here

, . , ¡.J 1¡d-+ - +)îyJ /1
l_

(i,"., the p,Ia:re on r,,¡hicl-r the slresses al failure are represented

b.¡ the point rvhe::e t,he liohr enveloÐe touches ll:re fair-l'"rre ci-rcie),



This a.ss L¡ln-r,ion is theoreiical-

enorrgh anol'odinaNi,rn "ro lhe d-ir-ccti-cn cf- *'-:_

2-l+

but is usually a close

the e-c'.ual flail:re n1a:te"

Ploilin' or Stress hi stor" lalhs

The slress hislory ratils can 'bc plolbcd eit,her traph-

ierl-ì rr or usjnry t.hn follni.rinc pru|¿li¡n.
-vol¿.,v 

*..:> 'i

ã = u'3/ (.,-t - o3) ios2*-'

C = 
( - - \ -:-.-(¡ Cos o{o\ -l t>3/ o::t" , .L

'¡frere õancl C ar"e the eff ecfive normal- and shear siresses, on

t,he assurned piane of failr:re, íor anrr corres¡oncling values of O"t

. - / /^ ^ | \\an.i ó '3" (5ce ï'1'7rìîe J \a) ).

Graphica],l;rr, i'lohr circies are plotleci for correspondina

sel,s of r¡alues cfl 6'" "t'o a\ ^ lot cach sÌlear tcst" 'l'angents t'o_"-)*-*_Ir-

tnese circles are d.::a'¡rn, naralle1 to ihe l.chr" envelope for ihc

t,ot,al stress circles anri these langent points are joined to ob-

tain the slress histor;i nath (Fi,q. 5(b)). on the I'iohr circles

thcse tangent points r epresenL lhe sheer sfress and nor"nal slress

on the assunecl. failu¡e Þlane" In the case of lhe total stress

circles the stress histor;r Uat,ìrs are siraieht lines as ail st,ress

nir¡l¡.s for:nw n¡ri,ie-riar shear fest have Lhe same cofflinon sfart-
VIf WI9J I V¡

' / ' O). Lach line is inciined ai an anqle of 4f]-ng por-nl \ o3,

j;o the positive direclion oi lhe d-aris and- also rellrcserrts zeT'c

pcre r.ressulle, Thereío¡e, 'r,he horizonlal distance belrveen the

cf.ress lrist,orv nath f or 'r.he eff ectivc slress Circles ancl a line

inclined at, an anqle d1' to the r;csitive dircction of +.he é-a;cis

¡nd nassirr ih.r'ouqi't ( O-., C) is a measrrre of thc pore crcssure''J'
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In ot,her. ,".¡ords lhe horizont,al- disfance ilelueen lhe si,r'-ss hisiotly

p¡,Lhs for" ihe folal and eííecti-r¡e sf¡"esscs fot'flf|-rr Qn€ fes''- ai:

an;r pa.r"Ì;icular staqe reprcsen-,,s l:he Ðore ü'esSìlre at l,hat sia.qe 
"

The jnclinaì.ion oí Nhc te.nqent lo the siress hisiory paths wif h

the posit'ive cli:rection of t?re r5-axi-s Sives lìre rale of inc:"ea-se

nf nni-e ' y'êssrlre t+ith devialor slress..!\J:v¡''

The siress hisl,ory naths have fhe acir¡anLaqe of sl-ror"ring

on one plot, Lhe developlrent of pore pllessure anci the 'ilore press-

l.rre châract,erisiics of a scil'

The si,r'ess histor'.¡ naths for lhe ccnso}icia+.ec.'Ì '"tnrirained-

'r,ests are shor,,üT! in fiquL:es f3(b), fa(¡), f5(b) alonn wj-th the

l.ioirrb circles" Those fc:: the o'¿er-consolíclated rrncÌr'ained -r,esis

are shol'¡n in íi,T:r'e 20. iis can be seen frcm fieures 13(b), f4(b)

arr,l 15(U) tne sir.ess hisì,cr¡,r i:aths fc¡llor.,' a sinj-}ar ¡:atlern in

aJ_I t,he urrci::aineci fesis ::wr at, di ff er"ent rales of slrain. The;r

lie i;o ihe left ofl correspondinr sfress Ìraths (sfraieht lines)

for the total sfress becar-lse Lhe pore pressu.r"e h¡â.s positj-ve. The

i_ncl_ination of fhe lanqenf to the stress hi.si;orlr p.ths wilh the

positive dircct,ion o-i fjre o-axis is seen io íncr"ease t,hrouqhout'

tne dura'bion of each tes'u and reaches a naximr¡n vel-ue rçhen faii-

ure is inuni-nent. As fhis rrj-nclina1,-ïcnrr sho't"¡s Lhe raNe of increase

of pore Ðressure r,¡j t,h deviator -q'r,ress it means t,ha.l , tiris r:a.te

r¡a,s ali,1ra-\¡s less than unit':i¡ Ç-:¿!4----- a- fl al rlo"¡r strai-ns
(d(.:-l - :-z) )
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erlC l.ì-rr-oaCirei unii;.r 3s 'r,]le st¡re.lit increaseci anci failu¡e beCære

ilu¡iine:rt" (linen .-l,he cor"c rïessure inc:'eascs al the se¡re :la.le as

fi-re deviai,or I'r,ress, the stress hislor;r' pa''-h Íor ellfec-u-i.¡e siress

j = r'f øi cr'¡l- r:rol ,3q to 'rhe di-f eCfion Of lhe COrl'eSpol-tClilf' :ll:eSSLÐ I ,, i f .:t:U ort:.r'-.J 
ij ¿C

hj-sr3or]¡ pat,fr ícr toial s1;ress' _iror hi,lher inclinations, AQ-î-6[ >l
d '/', a

end f or l-ci¿er inci ilr:.ficns ¿ffi - < r | Å' can be seen froin!;j-l. rr.,rurtr' !r\oi - o-3 - -LJ ú -1D

Lhe curves cf cì.e-*¡'i-a-lo:: sLress vs" si;ra,.in and nore Ëessure vs.

strain in fiqäres l, 9, and Ç ihe cler¡j atol" s.llless increased :-a,pidiy

drrr:inq the jnilj aL ?*!¿ ct 3], sir¿:in 
""¡!rere 

es the ccr:^espcndin'z

rl-se }n pÐ?e pT'essuÏ'e

- ^.fl,:^,3 tI1]Lr ei J.) Si.,fâtn

nuch less rapid"'!n,l::oxj.natei:,= a.fJ:ev'

rar-e of i-ncrease of clevia.tor sir¿ss

.i¡râ.S

lhe

a.s v¡e11 a-q poi"e pressuï"e¡ rciilh sir:ain, bec¡.ine snalier Inan riui:ino

-r,Ìre initiàL 3',!" an<J iindl;rÌ-r3ilr. fÌre der'¡iator str"ress a;rd- pore

l-rîêqsìirt^ê ¡i,-..ei necl a cons'r,ånN vall-le 'oef ore f e.ii*::e occi-:v'r'eC.

Therefo::e iire porticn oí the si-,r'ess hislor¡r -paflhs ha.rrjnc ihe

qre ai;esN cir.ï'vatu-rîe ( see fiqures 13( b) r l-4(b), 15(b) ) correspcncls

to a st,raÍn in the sårïple of appro:r-Lnat'eLy 3i4"

In t,he case of 'r,he sanple-" lesfeti al a con¡ining press-

ure of 20 l-b" per sq" j-n" the stress hist,cr;r pa.Ll-rs si:e seen to

be fla1, ¿.nc1 clcse to the veclor cltl:l¡e f cr '',i:e No+"al sï,i:ess.

This na..,. be due to *¿he facl fhai, tÌre ccnfining p-l'e-qsure of 20 ib"

Þer sq. in" i¡as cnlr' slj_phll¡r.{rea'¡eT.,or nerhaps }ess than t¡ie

îna-rein'¿rt ef.fecfive over-burcien j-rl'essltre the- scil has been sub-

ji:ci-ed t,o" llhe soil l-,e s.¿ed I,ias fïcrÌ ceplhs ci 20 enC 25 f eel "

l\n exa.ct, r¡alu-e -ior f.hc ef.iec'Lj-ve ovevllurden Ðressu're cel-lrrci ile
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csr-j::tl!,ed due +,o f.',te ì,jirce::i;aint,.'rr cf t,he grtuncl '.,;¿"t,er= contl,{Ll j-cns 
"

., ;"-r11:'., eSr:i:r:if C Ci ì,ì,î '-Ot,,".1 3r.r¿1"Ì1ç¡,j¡n pT'C3SUl^C I.lål¡ '5e ;:¡,,ìe

rì$i-nrÌ fhe:iLoisl Censify oi tÌte soil . i:.1 a rìepiv¡ of 25 feet ihis

q:-¡¡es an ani,rc:lirn,?l.e totai cr"¡erbur,len Ðllesslure of 19 lb' per sq'

in" or i.29 tons per" sq. fcot. il'.le to fhe var'-iations ìn +-ire

r¡a|er. +.abie ancJ ccssible efiects oi ciessicaticn Íl rs ¡ossible

that tÌre =3iJ_ l.lås sutrject, ic pressuT'es sorlLe''.'rhat, hiqher than

these. i-ience i n Llre c¿se of lìre sa:r:Ies t cslerì ar e- cotl+" ni:iq

pressure of 20 lb" pe:: s'q" in" the soil liav have behavecl in lhe

liiânnev of a si:r-ql"rt1y cver. consolid.aterì sairole 
"

The s+.r'ess hisiory paths Ílot' lire iabo::a'r,cry ovel: con-

soli dated se,tlliJl-es aT'e shol'"Yl in ilig'.rJ'e 2C "

Siress-sì;rê.i-n crÌrves ancl- f a.i-lur"e crit,eria

The siress*slrai,n crffves sho-i,tn 'in fiqures 5 to l-0 shcv¡

a. sreat cieai of consist,enc.-y' arrcl sj.:nj-ia::ii¡,' in the case oil fhe

oonsolj-d-at,eC unCra'ined tesls¡ nln ai râlu€s oi sir'¡in of i.5,, per

hour and C.9,í per hcr-rr', Ii can be seen -birat, jn the ncrmally

cons,:Iiciated sa¡:lt¡les -bhe porc pressure :iîeâcileci a sLaximi¡n l¡hen

'r,he deviator s'r,ress att,ained its nax-imrm value and rei-naineci con-

s'i;ant tÌrereaiier"" 'ihe t,,.ro f ailure criteri"a. rlsecl i,n triaxi ai test,s

are iìrc irLaxil:tiuti cleviaior st,ress and Nhe r:la-xiin'¡n principal ef 
"'"ec-

ti--¡e slress r:r.l-ic ( rlt).
( ú=')

The eifecli.¡e najc:: piinciÞal sires= (r:1) can be ex,-

pres$ed- as,

ÇL'= {t:r3-Lt) I {t1 -c-3)



1A

llence the pr"incipai eflecfí'¡e

ai'*Ll !-l-"-;)
f. I (o-e - ¿.)))

sr_ress ¡'alio can ì;e ¡¡iven b;r'

Jro:-l this if can be se en lha'u l",here fhe r,ìe-¡i¿-lc:c si,r"ess ancJ, ',,he

ì,{rrê nrêq:irrre :t,+-ain tÌ'rei:: naxinu¡^ä ..¡elues ai; lire sa¡le str"ai.n and,

::enaj-n colisf ant 'rhe itto fa j-lure cri -r.erj-¿ ccinci:le " Thj s bei ng

:euerLll;' *rhe case r,¡i.i,b ihe soils tesierl , 'f;oih lailLt::e c:rite:ria

þave thc sarne sir"e s: ci rcles and ccnseo,uenll¡r tlte sa¡ne r¡i:.lues of

þt aird .lt. l]:c sâ-''re r.\'as frue cÎ ihe la'l:cr':-t,or'.i cverconsoii-

dll-,ecì s&irnles the c.rly cl:iícrence ìrci-np a Ij-,tle farii-ng oif oi

'{-.h,. r,,:-.r'r" ï)re.ìsrrre fror.,r e- na::]il1i.Itn vaiue titat .,.1¡,s ree-checl- ì:..e.fclre

t}:e devlat,or stress ai|a:necì i+.s i"rìa-rii-lrum val-ue"

In leany trlaxi-al les'us oÌ'ì r-rcl'il,'LlJ-;r consolidalecÌ c1a-.'sy

-t,he tr,.¡,r faìlure c:'it,eria. qive diíferen*- sÌ-rca.¡r slrenqtl: envel¡'ì:s"

Fron ¡ nr¡ct,-ica.l poini of vj-e,or l.hesc diílerences fla.v be unirn*

poriant Ìru', tire¡r :refleci cerLâin pr:opert,ícs cf 1,he diff erent soil

i¡rpes.

A su::r,'¡ar¡,- of ihe resuli: oi nan;r i,riarial tes+us cn

ncrnmily ccn:olid-atecl ìlorire qi an cla;'s anrì ¡cl:ie o+,her cla-/s has

h,=en .iven'n.¡ L" Brer::'¿m ani ,1" ¡. Sino'n"(4) r'¡ith a comparison'',f 
- "

of L\e þt values obtained" b¡r u-sin.q t,he oiiíerenl failure criier"j-a..

In',.he case o-{ nost of .i,hes;e soj.ls the cÌeviatoll sfrcss has been

ohserveci'lo reach a iria>i-rt:.irL aL a f:"acii.on o.f +,he sil'ain ait r,ri'tich

ihe po::e llressì-ll'C i:eacheii a nal.j-num. In sr-rch cases t,he nax-ilnr:il

pi'incipa.l efiec'u'ive slress raiio qives a hl.eher shear sfreng+.þ
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enr¡cl Õrre i ¡rn tlre ;,ia:'i n-,,rn rjevialor s i,r'css f ¿ iiu::e cri t,ei:icn-
/: /'t

5i;rilar t-es':Ii,s ìtlve hccn ojvcn ìi¡' ì-.-. 1..:t:r:s \'r-:-" :o-r 3:l

lindisi,ur.l.,ecl ljra::;':en ül_a)., '.^¡iih a coniÐarison of Ìr:lh Íailu:le

cfi+,-cria" Tnese necd ncj; i:e renrcri.uc,.:d here i:ui i',."rc cf ifie fa,c-

tors thaf cei'ì lle seen to irrfluence'Liris rtiiference apÐeer to he

qons'i f.i ¡¡i t.rr ¡n,'l 'blie slrain at r,;hi ch t,he clevialcr siress rcaches

e, rnan:inlLn" The cli-fÍerence in ihe ,Ø? va.lue *'i.ven Lr¡.' ihe tl'¡o

failu-r¿ cr''ì t'r'ip: seÈrr:s'i,o incrcâsc l\ri-+-h increàs-inq sensi.livil:¡"

lìons'ì 'i ,ir¡it,¡r'ì s fhe ral:ic c-l t,he,.Ìnd,ist¿rjleci io rellcultled s'urcnqtll'- '- 
t .l

Çî a soii, al ccns+-an+. r¡a,L€T' cLìnl€nt. ?l'.e sensj ij vir,:¡ oí \'Jinni-
lro\

pes cla)¡s has been eiven as 2"C ia 3.?, b;r ä"I'r " founq\-'/ atLçr

;itån;r j-¡1 silu t.esl-s usinçi t,ìre Vane shear altla-;:aii-is.) T¡e sane

ri'ì f f err^r:nee â ôfjc,r!'s *Lo becol:le snû.Iier as lhc: slr:¡.j-n aJ wl-rich 'Lhe

Cevial,or sì;ress r:eache,< it,s rnarim,lír vâ.l.ue¡ liecoräes ie.r.qer. This

la|ier ohservallcn anrear"s lo l¡c û"uc ','¡hen anÞiiecl to ,linniceg

sci.ls" Thc rnaximt.rn ievi¡-tc¡l slress was reachcd at' ihe na;r'i¡nu:i.i

s'l;rain ihc sanilcs unrler',reni, befo:r"e failrrre nlanes rievelcpecl."

irl-sc resi.rl+-s oi severaL consoiidated unclraineri iesi:s
/- - \

¡¡ nr¡n-',¡l l-r nnn.:n'l i rl¡l orì cl ri¡q h¡rr.--' l.ncr ,"ì 1,p11 h ' 'tII')
v !rvvl

In t,hese he l-ras conìrâred +-he val'¿es of Pr :*s obta:.ned b;r using

"i.he l',..'¡o iailirre criler-i a." i'le uses +.he l'ichr ci-rcl-e 'Lc; show t,hai

i.he der¡i¿lo:r sr,ress aci:inq on â,T-ì elenent. oÎ soil lo be i'iven ì:-1r

'.i-ì - 6-1 = .a üu"'o ioî øt*o / ( Õ-2 - ri) sin Prr,o
¿eL _ i._n tp,--,a

'.ri,r.re. ^ 
8.. - nvrt, (tl d,^.nr'!.p *i^r :",:i-ì ii:'C.i .,'^'l ;lCSr:. ç.Lv u i.lo

-.+-¡^ñ^r), .---¡¡.r^+ e::S end ¡,L deirOles ihe ÐCf€ '.,iâ+utT") t: gll'l U I rJ:l! c--:.Ç L

--^ Æ¡ 1^^i-^- :.-,¡ a +^+ ^l r¡-inn ¡ni -'-''.,'r. .rìn¡i*¡-ana lr ] cc'ì iî c l,!:- LJLaI rlIüJuf i,r':(.1 ..'-llLJ ll'LIlu j..:-'3J

oi ihe shear

ìilÎe5su.le, Õ-¡

sire,sses¡
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re-ct)ücl'ivelJ¡. l]sin " -"ìij s :c:l:el:| a" ttþç' ltc'oili zed,rr he conclutles

'¿ii;-i a+- ir-ra-xi.rruri cievi¡.Lc:- si;reãs lirc a:rro',rnl c! pr il,obi.iizeci i¡; n¡t

ï-lcü€S:ìår'-i-l,r'+-ìrc. n,3x-ilmrn: a:; ihe cìeqree cf ncbi.iizaficn oi t,he

sh: "l' :f re :r-L,h 'r¡.ra..ef c.f - ac'-Jn/' -:ct cnìl¡ ul'r')r1 t}ì c ;rÉ-{nit,'.'-'je cf

+;ne â-Ðpiied. shear srr,rcsscs bu1, aisc ull3i'1 ihc:r.a:ni'"ucÌe of fhe

iduced pclle pressulres. lilso ,llroin tcst resL.ilis pt lna,s ì:cen jlound.

io rlenenL] on tile s1;abilit.r¡ of +"he :c-ìl slnrcti:-r'e anc tirc sensil,ivi

cf 'r,hc soj-l . ,jurr¡es shci,¡i-nq +.he va.::iation of La'rl þtrnt.,(çl * Õ-l)
.--r,.tî*-G- iì -r nali. l_å_l

,i-i t,h ll¡r+iur-iu sensilivii''. Í1,1" ;î-.'LC -^:cFlì,':.-rr--.' ccnsî j i¡lr.f .;1 ir)r't
/-ri \

a.s ,liven b;r T"Û. Kenner¡t--' ånc-Ì :L¡c, fo:r soiirû i{or',,,regr-il-n cla.;rs

ê.s rrjven b-rr L, Iljer'n-r,u ¡nci li. l. S'i-nlris(l,) o.. t'eproc.uced in fiq"

2'j " T'rcse shor^¡ thal|he rlir'-{erence in the v¿l}re of þt as qi¡,"en

by lhe t,r.¡c fa.iiure cr:-ierj,a is zero f or soíl s of lor,¡ scr.sii,l.¡iiy"

'l:ul i-rrcreases scnìewhai '¡Ít,li increasi-ir1 sens'i i-i vrt¡r.

Thc res'.iiNs of ccnsoliciat-.ed rurcÌr"linecl tests on a soi.l-

t,lr,",i lends'uo cli,late,:¡hen shear"ecl have been qiven b;.r Ä"i1" Bishcp

. -laì - - ^;oand D.J. llenkeL\))6 In this c¡.sc r¡¡f-lcs oÍ p¡ anC Cl cl-ose tr

their n'a.xirmrm h¿ve been íounrj i,c¡ be mol¡ilizerì aL a snal-l fr"action

of i,he slrai.n reaui-red io .rrociuce the naximu:rr devie,tor s+uf€ss,

lllhe i-ncr"ease in devialor strcss a1-, hisìrer sì;r'ains h¿"s been a+"*.t"i*

't¡,rieC to e'ìr"c'p iir pore Ðf'cssur'c -'.'.:e fo lhe ie:.cìer,c." oi ",lrc s¡ii

io d-il¿.be '..¡hen shearerl,.

in fhe case cíl iÌ-re ifiirni peg ciaris lcs'i,eci iÌrere was no

a¡rLl-,iqr-:iLl' abou'r, tiier iarlur"e ncint" ø\ al na>j.ni'.:r't cievi-a.icr slress

c¿n l:c sajd to'oe ít s rrinll'¡ ncbilize.j.r'..'âl-uê" 'l',j.s l.crl,ans is

Lr¡
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a" Tcllect lcn cf lhe loir sen:iif ivit";r cí tÌle 'ì''liiìÌ'lipeg soi.ls .

3.-rains c:î +l-rc ovcl el- cÍ 5 Nc ó,j r¡e:ce lleacilecj, beicr"e fa.i-lure occ-

url"¿cì and in nos"L cases faiiur'e cl-anes s'uaried +.o de.¡elcp afier

ice naxinun ci.evi¿rtor s;lr'ess i^¡as rea.cited. Tìiei e.Írye in L,Ìre case

oi tÌris soii ii rär nc'r. hc rossihle io'i ncv'ease ihe ceiì- presiure
a-- !

to a new rra.li,1ç t+hen the naxim¡n ;*, râ+uío is reacheci, anrl th.us*)

use ihe cne s¿rmþIe :ceNilocl to deíine 3. 5e"1,'ìsfa.clcr';' iiohr enveiope.

In ihe ca.se oí fhc conso.ii-Ca""ec1 or-aincd f csts inuclr

hj-eher str¿¡i ns r.^.re.rc encounLer"ed and, f.he cJ.erri,¡l-,or" s'L:less af faj 1-

Lire 1.t(3.s hiqher tfra.n in the case oi t,he ccäsoliclaf ei, unrira-i-necl-

iesr,::" St::ain¡ as rj,qh es 1ó to I8:1i i,'/ere r"eached be.fcne fa.ilu: e'

'Ihc sa,l.'.llts s"l-e.j iteC :ni i:i'rnll' :nC Iilh¡''i, rlon*i-t:r-LÍc*:: hult'i-nq,

-As f ai.Iure loads lderc rea.cl'led" i,he s'urâin -inci'eased. errd aN fail-ui'e

loaci 
"he 

st.:"ain cont,j-nueC No incree.se unt,il fa'i iure planes

d.evelcpecl" There \da.s no buckl-j-nq or¡ anJ¡ dis:ici'fi¡n,i a!. high

sirains ancÌ conse.1uenr.l;r il .,vas noi di fficrilt +-o jr,rCqe t,he failure

loac1s. The siress-slr¡.'in curves l'rere f ounC to be some'.'¡liab i:'rcg-

, /-r-lrar r-n snale 1-,i.ttrcs IO encl 12) ancì Nhis uncloubt,edl.'¡6flss+,s

J-.hp nr,r- erìrrra oi '.rsin' sleit incl'erneì1Ns of loarl .

The s+.ress-sf-rain cLtrves for lhe over-ccnscii clat,ed

q:¡n.nì êe ¡¡íê1aÊ ¡¡r-'.-tr Si1¡lila.f io thcse oí fþe nor.:lai]_.-¡ consoi'ìda.+ued

samples uniler '¿ndraincd condtl'i ons, The pore and pressllre VS "

sLrein cur"ves hoi'Iever cjiÍiered" in t,hai the pcre llr€ssr-lre reacneC
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a n¿vi-rnuln value j-.efore "rhe cLcrtiaior sl::ess rea.cired, ils na::rn¡r,

a.nd. sfa.rted fo f ali sl-ow};r r,.;hiie ihe ôe¡¡ia,+-.or sir"ess l<c¡l cn

i ncre ¿lsinß" Ìdc ne,ga'ri-ve ilol"e itressrlres were cbserved.. 'ihi s

incìice"t,es il:rat, riinnipe.-e ci:l;rs have LitlLe Nencì'enc;,' to dilaie i'¿hen

sheared. Fran ihis it is no", irnpli-ed ''-hel t,ìre cla-vs in lhe Ì''lj-n'ni-

pe,q a.rea. ha.'¡e no t,endenc]¡ to sv,reil. The tendenc.-¡r cf the liinni-

pe,q ci.3:ys io s-u¿ell with increasc of iroisiure conlenN is-r,'¡ell

known.

Porc lrresÊrrrln¡ r'anelcr" A

I'he concept cf pcl:e pressrlre peranreters (expiained
ír ry''

earlier)'inirocJ.uced b;' Ä.'lj. Skerrpfc-n\r¡r is a ccnvenìcnt i'tay

to exÞr.ess ihe pore pI'CSSuT"c re-sûonse i;o Ci fíer"en't, chanqes in 'r,Ìre

ar:p}j.eci stress. The sieniÍicance of Nhe -ræ. I'äne+,,er B t'¡Ìlic jl shcr^rs

the resnon:;e cÍ the por'e pressulîe Lo an incr"eese jn thc ail rolr:rcl

sr,ress ha.s been ment,ioneci eariier'" Tile val-ues obtained for para-

lne'i,er rrArr a.t jlaj-iure (A¡) a-:re shor,ln irr Table 6. Therrl\trr value

wa-c ofLen less Lhan 0"5 a.ncl in the ca.se of the no:'tnall¡r consoli-

da'i:ed sarrnles vari ed frcr¿ 0,252 t'r: 0.?i0 fhe latler value ìreing

lhe one for a sanple fe-'ted at, a ccnfinÍng pressurc c-f- i20 lb.

Ðer sq. in"r '.¡hich ';Ias +"he his.hcst celi Ðressure used. ihese

values of ilÂfrr ere sonel.Ihat lower ihan thcse r.e-norf ed foi: soils

j n t,hc - inrj:eq 3l'ea h¡.vjr-nr si.n"-Llar lrolerlj.es ' íl 'i verl '¡rs]3'"'r r.¡s

ihcse vaiues íol- i,!:e ÐaraÍte'u"t "rl' for soil-s in ihe rìinnineg

area as ot-.{;ained f:rorn t,he ccnsoli,Ja.ied. (j-scironicall-:¡) u¡rìrained

+-^+-!ÇùLJ o
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ahoufl t,ô io C"7 and cl-ose ic r.C ai coníj-l'ì nÊ Ðress¡..t
ur"es hiqher t,han IOC Lb" per sq, in- - J. lJ" I'risht,ek\!"1

"nri^o.¡l:.¡j.el-r 
-l 

"^ n:1 " ci-ji,-CClren-l 
- S ¿.trl ì-at-a.;-JL v. *1.4.\ j er .r ' o--. t ¿ J

Cri el s Di r¡-ì eion \ rJ i .

* a'reraqe oí 0"72 - llorr'¡gq+ç,f e:eotcchnical Insliiut'e
Fuj,.l_j.c a1, j. cn Ìio " 35 , I96Ct + i .

(q\
- eÐÐï'oxir'rlalel-¡r 1.C - 0.8" C:-a.l¡foT-cÌ\r/ "

The questicn arises as 1,r) v¡hether lhs rrlowrr values

of "Af" p-s surflÍârized- in table ó, could Ì-'e cÌuc'"o faulfv ü.easilro-

nenl of pore -a're:ìsu-re.

It is seen frorn the cul^ves ci ,:ore Ðrcssure vs slr'¿'lirl

tha.',r f.ire pcl'e pres",og clea,rl;r a'r,i;aj.nccl e m¿1.:ti.ílrirr vaiu-e rtllen Ía.ii*

ì::]1e ':'Iå.13 re¡ì.cì-lecl-" 'Ihe var":la.iiol'l oi lhe lo:re ll-r.:3sure '.';.i i,Ìl s-r,r'3i-l'I

'¡as sinall ClcSc iic f ¡:ilure. lhe-celcre l.',ho t-ossibilil.v ¡f ai:-r. -,iile

laq in i-,he resr:cr:se cf iir3 i-tcr',- prÊsS1,llte tne¡r.iil,t-J'j-nq de-¡j-ce, to ¿.n

j-ncre:rse ii: í:oi'e p:re ssrlj:e c'.rn 'le aiscouniecl " ihc ''-esi:,s r,':c,.:c

rel..er¿ìll]¡ n;n el :ìIo1,,'cnougìi speeds 1,c ¿ilow ío:: Nhe equaliz,,Íì't,icn

oí poi:e ìtl:essì-ir:c ',r1t,nit'l lhe sartiple" ¡!ì:ir.t Írorl iablc ó, if is

s'cn lÌ^Ê.j: lhe e.r.,erege vilir.rc ,f þ1 obNa:i-necl frrn lì-re ccnsoiid,a'uetì

uncirained -Lesis aqrecs closeiy r¡t,h the val-ue oi îtt rs lj-'¡clt br'

the ccnscljc'la.f e,1 draiired tesfs. Átl thj-s pcinì;s i,c +,Ìie facf Lhaf

j:r --he consoli då.i,ed .¿ncÌra-i-nccJ. tes'íq rrAIr al au;r stå.,9e l:eÐresen'Led

ihe iruc chanre-ìii Lhe Ðûre pressuïe d,ue t,o ihe change in r,he

clcvil¿lt cr st,res s .

In mos'i noruråii¡,' coirsciidat,eci clalis 'rA,l' jias bcen iound

io he c-l-osc to unrl)' ..lrt ¡1,:= :-s no:. neccssarir'l ="' jl',e taìlle

3 givcs an ap¡ro:,'jnate r"a.nge ci Af '¡¿i'¿es (R a¡ ia.il*re) ti-'be
i i8)

expecf ecì f o:: clif f ereni t-'rÐes c i soi ls as q:.r,'en b;r A"irí' Slcemr:Lon\
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T:¡ne cf Clar¡

1'a.bie J - Pare -ÐressìÌre ÐairaneleT'
t;rrnes (Skennfon)

l-
I
Ì

I

i

I

I

I

i

þ3i L,

/1. +^r2 tv

þL/ t+

0io

-Ll lo

.[ ¿^
-; ta

in .-U-f f erenl sÕil

I'iec oi:dintt 'Lo +.he *-;rpical v¡il-r-r)s shor'm aÏroVe f Ìre Cla;r -'.esied

í'alis in the cateqor']r oi lj grtit/ overconsolj dai,ed, c1a)¡s '

There alre i,'la:ì.')r faclors ii'l¿,í aÍlecb 'Lìle rrArr va.}ue" In

ihe cLerjvalion cf f.hc exÐression for the no:le rlressu.lle chaní{e

due to cÌranges iir ihc all round and cJevia,Lor stresses, crnsidered

se¡¡r:t,el 1¡- nâ?âmeter" A has been i,rt,roduce,1 as a sfress-st,i'aj-vl

consf ant and as srrch it varies t,.dtl'r tlr e f a.c'f,ors lha.t aff ect the

stress-sirain proner'ui-es even ,for ,3-n¡r onc soiI. Renroduced in

ta,bles Å' and 5, are sorne Lylûical va-Iues of A-íor different soi-is,
-L

f?)
'r,iven ì:;' A,t':. Êi sÌ"j -J ard I,J. iienkcl"' rncì L. fìjerru;r and

/r \
LT . êi mrìn e \ ¿+ / 1-49'rggli_7ç]y o

tt)

J

t,c

/ -1.r?

LO

0
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Table 5
(T;¡oicaI values of À" for norRell¡r cons olidatecl l'orr,veqian

claSrs - L,Bjery';ñ and l'{" li. Siinons)

IsoNroÞic C ons olidation
Anisoì:ropic C ons olidation

The above valrÌes illusir"ate 'bhe faciors iìrat infiuence

Lhe rrArr va-lue. In o\¡er-ccnsoljdaied clat¡s rrÉ.! tencì.s to kre l-ow
f!

un,l iu- sorre+.-i nes reqabive in the case of ]rcar,:-l., o\rcr-consolíclatccl

cl-alrs " In cer+"ain sens::-t,ir¡e cla.l,n in '.'.'rich j:he lr'ro failu-re cri-

*,eri a ci rre cl'ì:" f erent she,ar s+-renqlh envelcpes rúhe trårr v¿lue r'¡ill---t- -- -. 
I

I ., r'' i

__ t_:'jj' I
r.a.ble {

(Tr'¡i cal- r'aiues oÍ Af -l¡r r'¡r-ious soil t;rrrcs - å,'1" ìj-shcn.\â.n(l lr'C. .-,en!{et )

I

q^*^i
JCTTJ]-

at(c-1- !) r:rar

I.û " Â,C,

1 .18 C,9I

1.0ó 0.,q4

I"CC i,i3
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¡hrr-ì niie'l r¡ l¡e Äi 1îe-renl r'Of t,he lr,;o Í¿i-IUre Cri'L,eri å. Anj,So-

!-^'-.; ^^rr-- -^"-'-Iidat.cC s,?nÐìes slrc'.J v¿ìl 'ûcs of rri-.]r s()l1ei.,Iha!u di f f-VL9lJ-v::LL.', ç JllJ.Jtr:J-l'çJ l'1':tUIçÐ J j jui. vq kç:.r V: 
f

er€ni í¡"o¡rr sa¡rrolcs coirs oiidaleo isot,r'onicall;' c¡¡ or l,o shear" t,es+. "

Frc.n ì.ahie ó ir i-s seen thai f cr tne over-consolidaied

sanÐles iestedrrAf" wa.s lower th¿n in tlre case of iì re nornål1-y

cor:solidaied sa:nples. The rtil.¡rr ve.lues rraried from abc''rt" lI/8

';,o lT/ l+ dcnendirq on t,he over-consolidatj-on raiio" The vårj-at, j on

of rrArr r^¡iLìr orrer-consolicÌa.tion aÐÐea.t's to be Iess in the case

of ::j nni:c1 c}:-rrs t,han r'¡ith of "rei' claì's. lor cx-¿:nlle¡ GllSÐhs

sho,¡inq the veri,:.Lion of rr¡\rr j./itJh oveT'-consolidalion ratio for'
I

lcnìon cr¡v a:rcl icalC sl r.... hove hcen qiven b' i)"J. lr-enker(fO)"

A si¡riia.:: ci.r-rve for an uncì'-sLurberl Cslo cl-a-'¡ lras been qiven ì:;'
/ ¡ 'r\F. -" Síinonsttr/. These c1rrves arc verrr siniI,:r ancl slro\'r con-

s'i derable va.rialion in therrr'tN valu-e oÍ these ciavs r+i-lh i-ncreas-

inq orrer-consoliclatjon ratic" In the case of ihe Loncl.on cla,\r

this var:i-alion has bcen founcl to bc from e'.l:lîoximatel-r at." I at

an olrcr-consoliclation raiic (0.'..n.) ofl l throuqlr Ao:0 ai an
l_

0,ü"R" ol Lv"5 Lo it^: -0"20 at an approximate 0.Ù,R. ol 25.
T

Thercrore in ivinnineg clays the very lir.tiicd variaLion of the

pore Ðllessure lleramcter A. r'lolild jusiii;"r i',s llse j-n thc analysis
I

of practical oroblens" 0f course in 'r,he qrcuncl r"rhere large

areas are involved the soii is 
"o¡soli 

daied unrfer condilions of

no l¡leral ;rietrl" Ìio iesls r'¡ere'lcnc on a.ni-solv'orrícall-,'consol-

ide;bei. samnl-es. IL nta¡; be assuned tha.t the l¡uilC u.p of Dore press-

'.rre du,e io an inci'ea,se in the verr,ical pressure will nof be vcr;r

diif erent und-er 'i,hese condi-Nions"
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*gt_s" ,:_å!i.¿:Tr.

The consolicÌa.t,ed uncirained tes'us l^,¡ere run at diff crenf

Ð^+^- ^¡ -*-¡¡ir as nenfj.cned ca¡Ii er. Thr.cc Cj "jere¡t raf,eS of!duçf, \J.:_ )u1o-r!19

sLr^ain ';ere chosen rri lr.arii;' lo rc'¡l"e scrù a f,ij r-ì¿ ¡¿¡qe ci sÐ3ecls

usr:rl in ordina-r"1¡ l-a'ooi"ator¡r'r,csNinq. These ihr"ee raies of stra.in

lrsecl ai.e dven belol.¡.

/\(e-) C,0CI5 inches pe:: nj-nr'.i;e

thi

Ihis ls :boul j"j; ner hour strain on áI s&,t-)I€
2"7 lncnes in heislil bcf:re teslinq. The fi:'re t,o
fai-lure r,'aried. fv"o::n 1 t,o 2 hours.

^ .,^.\/ ñ .l.',(ruu{) 1 r.ncnes ler ï-Lll ,

.ihis rcpresenls a sl,rain oÍ'I.5',1 per hcur"
fine f o ílailure ra.nqe,j- iron- 2 to L hcurs 

"

C,0C0&O inches Êer= min.

Tnis ís abcul, 0"9'l ner" hou:: strain. TÌte +-ime No
f ai-lure r'¡as ¿-bouf ô hours 

"

Fiqures 7, I and 9 shou tÌrc stress-s'r,rPi-n and po::e

Ðressu,re-s+-r'ain curves fcr lhese f e;ls. lrc ì-ohr rupi;ì-irc enve-

lopes an,t slress ìris-bor;' nat-hs are shor'rn in ií;sures LJ, LL¡. and i5"

The effect of lhe rate or sirain, naitrl¡'on the Þo::e

Ðressure in the consoliclated unch'ained tes+-c, has been cteeJ-f '^'jNh
(:)

b;r Â"',rj " Ri-shop ancl D "J. llenkel'-' and olhers. The j nfiuence of

fhe sir"ain ral,e has br=eh att,i"jltulecl to lhree lilai-n ca'Jses,

Tirere is a},'rays å ',,ine lag -i ¡ lÌre res.¡onse oll lhe

poï'e TlressLrre cle.¡icc to chanSes in Ðore oressllre' 'IÌre f-ine t

ll'ralu i s rcqu-ired- fcr snall ouN o[ hal¡nce 3re:su]:e 
^p 

to leacl-



39

+,o a .ìi rr'¡lace:rent ¿\x of r-be n;,¡te¡:*nc-ricui:j¡

in:iica.i,or ha-s been Iii.ven es,
lL

"' ã + í'' :¡t^ (;, (;
(;

s ri:-' i ¡:..: e :Ln tbe nuii

)'

ir¡Lf fe ; Censi.t,y oí 1.í3-!u€r

r coe if i;ienL of o,: r:neabrlity

= rl rr cor-"rnrcssi'ni.Iil¡r un,ìcr an elital
al-l round slr:ess

cl - diarneter of s¡na.Il--borre 'r,uÌ:e in null inil-iLcalor

ll: clia:neler. of spnple"

Thj.s e,'cnression has'neen Ce:riveC a.ssureinq a sa.i:r::¡,ieC.

sannle ani:i ncl ccnsjilcnn: Íi ller sÌ,ri,p iì.r'ains" 'r'i-re -nresence

of fiiier sii:ip clrain pat,h. cailses a reclucfion in lhc 1,ine-L.

The abov e elcprîess j cn shcws Lhe r.ela.t ive ir,t;:cillanc e of bhe soil

nrnnorl-.io.r -ìì-.a,:-!-;'l ir'- ^. 1 ^^---êqqil--ì I it.rr in ¡St-,ilnat,ln* lhePI V_U;l U!ç¡ ta-itL--Ç-t)LLLú., allu vvl¡iiiJ vJJl-ul-rau.y r-rl \,

sensif,iviil' of lhe nuli incjicaior t¡ipe of pore Ðl'essrire clevi-ce,

In soils ruhere lhe nernea.brlit¡¡ and coí¡Ìrressibilii)¡ are bo'r,h not,

very low t,his type of cievice has l:een fountJ to be sufficlentl¡r

sensi-live. The l'Jinni-cc' cla.,¡s have lorn¡ :rrneabi-Iit¡r 'o';¡ ¡iO¡

ccrnnress-ibilitir" The infi:ence of Nhe rafe of strain, due io

+ j'î., 1^ã n¡- ì'-o iqncrecj j_n tire ca.se of t-,he soils lest"ed.. lisr-,f -i; g ad YJ , u L_,1 i .i ç

sÌl.ti¡m earlier l¡Jnen cìiscussínq',.ire ics-r,"i,c e,eferline 1,he pore

1lj^e.jsìtre ra::a-ilet.er B, ihe ìfo:ae r)l:egsllre neas''lrine cr'evj-ce aÞneareri.

sensi-ti-r¡e anô r'eliable" Àlso from l-he pc:ce llrcssure-st,r-aìn

t,
K

0c
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c'år\¡cr ji is seen ii'*.t fhe ccr"e Ðt1cssl;r€ rreciicall;r ì-n all

cases at,-r,aineci a, na:¿iä-¡e vp-iue a":; fa.i-Iur"e i'Iãs alcj"aached and i;he

varia-t,i otr cf Dor:e rtl'e55'.re cicse 'r,o f ai lure -'rPs ver'¡ srqlli'

Therefore the ef:jec+.s of a tj.::le ìag, if âr-1r, wolLici be negiici'ole"

I'iou'e i.mporianL liran ti¡re laq is lhe nore r-Jl"elsstire

Cis'irib'riion,¡¡ii,irin lhe sa.l:rrle, llon un-l forn oore Ðress'rl-res errsi

v¡iihin a sa:nnle due to l,he end resirain'ì:s and Cher laclors lhat

qj-1r6 ¡.i-ss to non-unifornit;- j-n +.he appli<:d s-uresses, In tl-n'lraine<l

rriaxj-a} tests the nore Ðressure eqrraliz.a.tion r.¡ithin a. sa¡cle

..-'ì l1 rìc'r¡nrì .\n n.rmepì.'ì l'i l.-¡- s¡nrle .ji-:ncns:-ons anc. lhe ra'r,e of

sf,r-ain" The use of filNer" s.'r.rips llrovicìcs <iL:¿-j.n pa'r,Ìrs over lìre

sLllrf ace of 'Lhe samnl e ancÌ accel-erai,es the e1ual i zå+'i on of porc

pressuï'e ' i-iol"tever, íor" an¡r ",:a;':Li-cril.,a.l] 
"'csi 

the sa:npie tlilnensions

and conditions oi cirai,naee bein¡: rouqhilr the same, fhe pore r)ress-

u::e qrad-i en+-s wj,thin *,he sanples rili depcncl n¡im¡rily cn fire

s1,ra.in r"ale. l"ihere tìre pore jlressulîe i,s i;reasurecl, al ihe base of

t,he sa:rLpl-e it is nece:j5a.r1r lhat, i,he l:leasttrecì Ðoi'e ilressure be

enr¡l f,o i,lre nore Tlressu-re in tlre failure zone. Tnerefore in

the -¿nrrr"aj-ned test -',iNh Ðcre pressill'e trlea-srrreineni the rate cf

si,raj-n use.J shoulrl ensuL^e eclrtal'ìza.licn oÍ 'rloT'e Ðress'tre wi.lhin

-r11: sâ,ïinle " Ectl'i f Ì-reoreiical consi dera'Lj.cns and Þrac'bical ::cr,;üits

have shown tll,,rt, ihc rieqi:ee cí ecuali zatroir ci llre Pcr(, pressr-r.rle

r.¡i1,hin a. sanple i-ncrc¿.scs as fllc tr:le lo failure is j-ncreasecl.

The cevi a.f or" str"ess vs " si::a.in curves jlor the ;'finnipe;t

cla¡r fested as sho?,'n in fj,qu:re* 7, $ ancl I are sinilar" in shape
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i¡r a}l ,¿ll:.ee r¿t,cs c;f sirain. I'r)lere +,lLe i¿rst-es'L oi t,lle i.irl"Cs

s.iï-a j,n r"e--ì-e s (.:,; ; ner hc.ir") ..*as il:lcd ihe ieviaf-c¡:: s iTess ar,

iaj lu-re was l-ess ih¡.'ln in iÌr,: case cf +,he i¡,,to sl-oi','er r'¿rt,es cí

sfrai,n. 'fhis i:; difÍerenL llr"l;;n lth¿.f ÌuLs been o'oservecl ic:' a

n'r-uxber ci soils r';liei"e file na-xj-rt'¿i:i'lerri¡.ior sfr"ess has been founC

tc jncr.ease scnel.Illat ¡,,¡i',,h j.ncreasi ns lr¿.ìte of sirain * .f'. Üasa.-

| ¡ \ lçtl
srancie airci S.iJ,'ililson\oi, ü"1-1 . i.] ¡'av¡Íord"-', A"lii" I'ici'lallc-lson

li <ì (ll )
ancl 1ì"V, lrih,iLrrrarttt", T. Û. i<'en-ncl¡t-''. ltlt' j'or sl''r¿lj-n rat'es

(b) an¿ (") l-¡" nax-irm.un'ievi¿tor siress ¿1 l¿ilrrre i.s r¡e-r)'nearl;r

Çouåi in 'ndÌr ce,.ses f or an;t one Ðå rf, j cul¡r coni'i ni nq pressLll"e '

i jhal e¡.,e: siiqht ci.ií'íe"r^ences lilaL exlsi itLirr:ht ver¡r well be cÌue lc

sliqirL Ciff e::ences in fhe soil sa:rt¡l-e-"'

ihe lore ]ltie-qsurc -,rs. sti'å.in curves f or ine; t,,,¡c'r rates

of sì;::,ain (b) and (c) a-re sinilar. The 1¡1¿51-¡1r-1¡1 ncre presslÌre

(a.f faj lure) íor iire saine coni|nins Þressllre is scmer+he't diff-

er.enf in -"he two cases. ,{t a. conÎininçj'Jressure o1 8C 1l¡. per

sq. in. ihe narirn un pol-e pressilre .feccrclecl w¡.s 2O"2 Lb" per sqé

in. for si'ai-n ra'r,e (b) ¿nd ?-1v.2 Lb" ller so" in' for (c) ''^irel:eas

at Ào lb. Der s.r. in. conflrn:r.n( pressr.lre ti'ìc r,ax*iinr,tn lJore prcss-

r-rre rr!¡as hi-gher in Lhe case oí st raj-n rat,e ( 1r) . Tf'ese di-íf erences

clontt shov¡ ¿.nv part,icula:r::el-aLícnsì'rip ic ihe rate oí sirain"

The pore Ðressure vs " s1,r'ain cullvcs i n l,l'iese f'.¡o CaseS âCe CLoSe

enouz.h tc¡ a.i,tr"j ltul,e anJ¡ r-ij-Îf erences lo a siiqh't, non-unif Õt"ltri.r',-i¡ of

t,h.e soit salrples. iihe ¡:e fhe siraj,r rû.'r,Ê (¿-L) '¡¡as used fLre pore

Ðressure vs, sfllâjLn cl¡.ves i.;ere d,'ifíerenl Írcn those of ihe ot'her

IIBRARY

{F ff¡firrosn
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fl,¡o cas es . !ll-.e irav.:-n'.rrr -DcÌ"e Dr€ssìi-re rec orcecl ( al íailu:"e) i",as

hiqher 'i,han r¡ilien sira-in ::¿t es (il) ancì (c) uere us ei. This ¿.¡lajn

¡"¡ riifÍe: eni fron wlrat, h¡;s bcen ot-.serveci in ihe case of irrr-;¡ soils,

r.;lrere the nacnifucìe oi ihe Íncjrrced 0ore Ðressur"es has l:een ícunC-

'r,c inc::ea.sc as lhc :t^a.'t e cf si,r-ain ri ecreased"

Tiie iiohr ntpture envúloÐes íor the cia¡r si fhe tÌrree

di îf erent rat,es a-i slrain åre shcr'm in fiqu::es L3, ll+ a.nti 15"

For lesls run aL sirain r¡ite ( a) øt -is less than Lhat, for the

sirain raies (r,) anc't (c);8.8c for (a) as cor'-rparerì r^rith 12.9c

ancì ij ,24 tar (t,) and (c) ::especfively" T'r're value s of þË ar'

sj-.r'ain r:at,es (b) ¿lnd (c) al:e moï'e coinpat,iÌ¡Ie -''¡j 1'¡ Nhe resui*us of

the consoiirÌ.ateci. dr'**-ned tesls, a;'\an þt at sfr"¿r'in i':l.e (a).

iJonsr:iicJ.a't e,:J rl,t"ainecl test,s sho,i þt io be aboir-t t4o +.o l50.

Fr"c,n all- lhese i+. is e¡,-ii,enl'r;ha.t a. s-;r'¡in rzi'e oi 3"5|3

per hcur or a tiine to Íail'::,:e of i io 2 nou:ls 1'iå.s nst suílaÌ;ie

for the conso}|dated-undrained lesi cn the i''jiinine.S cJ-a¡i leslerì"

Â r'afe cí slrain of a'rrr:ut' L"5!' per hour or less tra¡,' be cons:lcìercc-

sr:.ita.'nle. If is difiicriit to state l¿)ra.t, cau:;erl iower devr¿toz"

str-esses a.nd, hj-qher ttore pressure*q at a fas+,er str¿l.in ra1,e lhan

a.i slcr.Ier raf es o-f s'r,r'ain, It, is possiÌ:le *r,hat the por"e pressu-re

å.1 ',,he base oÍ fhe sarnple r"as hi.qher Ì,han in ii:e nidcÌle r,^¡hen a

st-i.aín rate (a.) r,..ia--* ursed. A third t"a-c-uor t,hat iníIucnces DoI"e

pre-eÊlire amd de-Jie',,o:' siless a.s -¡he rate of s1,rain is r¡¡:'ierj rnai"

be nenLj-oneci in ihis connsçlion. It is the nocLifj-ca.Lj-cn in +.he

behaviou-:. of the scii s+,.rucfure af clif"f erenf raf es of sfr"a-in"
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The iaci +,ha.L þl e'ncL Cl ,.,:eï"e sorÍi.ri"¡ha-t di:líere nt ai lhe f as'ì:er'

s'Lrain raie (a) iiror-l the va-Ìu.es at ilrs sl¿r';er strein rat,es (b)

,t\..,ì
a-nrÌ (c) r;iiehi Ì¡e an inrÈcalion cf 'Lhis,

So far in the cliscussi on Nhe nossibiii'r,y of Ðore jrress-

rlres l¡eìr1 s å¡Îec'--r -^-- 1^^r---^ ^i '..rai,cf' fl¡'Om the Cel-I Ch¡nbef- --.- ---, rJEu l,r\' -Lgdi!Ói;ç u.

.i;- ^ +I^,. ^^-.*r ^ idas not Consiciered" The ',-s ual- pr.eCaUtj-ons-l 1lU U U:Iç üdjtplç9 vYCJ llVlr U\fIlJ !!rçI 9\¿o .: !U .J 4'rI

f a-ken in tlia:rial- testins tc .sevent this (neniioneci 'u,'hen ries-

cribinq 'rprocerìuïerr) were talien. TÌrese ha.ve l:een fcuncl to be;

-^+-i¡r^-rap-- ^..r +J^c -nnrqjhlifr¡ nî nnrr qiqn-:1.in¡nf. f o¡1..nrê Ì:,lârr3-*L!Òr- cLvL UI .)' dll\¡ U::ç IJU')J.l-,tttuJ

be discounLed"

\r,rhere ..nd'i sfurbed sara-ples of ciay a.r-e used to ccmÞare

the effecl of different, sl,r'¿¡.in raies fhe necessit,;r t.o usc speci-

mens frorn 'L,Ìie sane bloclc sa,npJ-e !c assr:re un:ì-iormj-i.l' in ihe cla)'

sanples, ple.ces a restriclicn on l,he nluirber of tests lìra't, could.

be ri:¡. Fot"tunat,ely in the case of tlrc soil tesierl íairiy uni-

form h'loe-l< sernnles r,úel'e availaì:Ie ancl a fev,r lests coulcl be userl

¡nril-.h enonøh 'ir:st,ificalion io observe the effects of cLfferent|ìl] c',qUU

ïates of sNra.in in tlLe consolida.ted uncirained tesls' Ihe ccn-

clusion that a. strain rate thaf 8i ves a ti:re lo fai-lure of a.bout

L Lo 6 hcurs or: nore is suitabl-e in lhe case of +.he i'linnipeg

c.l:¡¡s - ânneârs re3,sonable on the basis cf the resu-If s"

i lnl-rn anr¡o] nn-qvrrïvrvtJv!.;

ilhes e ar? shoï;n in ii qtÌ.-'-es Il L o lo ' lleqlect inc' llrs

one c¿r-se of the sel of consolicialecl und,r"¡ined lcsfs r.¡here the

str.a-in raLe of 3.5í per hcu¡ cai-r be consi-ci.erecL toc ¡apì-cì. to girie

ysiisìrle ::esults, ilf other iests ?ir¡e ,:ohr envelopes tha.t vâry
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:¡sy1r ]jfilc. ihe ccnsoijd-a'r-.ed. r'irrciv¿iinecl tesL,s a.L si,r'aj-ri rates

oi apal'cj:ilnaicl-:' I.5,í i-'er hcur ancì 0.9;i i.:er ilour" r'ive pt velLles

Ðf 12.90 a.nc1 L,?.2a respeciivel-tr, i.iricil ír"on an a1:trlieci en¡lrneering

pcint cf rtie'.i, al'€'r,he såne. ,!verele pl fr"o:n t,he o\iel:cûnsolicl e.lecl

unC,r-ai necr. t,ests rr,'as 12.Cc" In 'clte consoiidaieC-clrained lesls

'¡here the n-inor iti"incical stress Õ-? i{as li,ept ccn;lant ancÌ t}te

r.ajon r¡rllncipai slr"ess o-I, .!,ias inc¡reaçecl Ø! valnes of 1l+"Co

åncl l/r.Bo "vere obla..inccì ior soil i¡'om depilts oll 20 fl ' anð 2J

Í1 . , rcsrrecii vcl¡'; itl:crc fr i{a.:-r lcept, :onsi ¡üi arld. o-r 'reci-eased

þN 'tils equeÌ +-c 15 "2o, fcr t,he cla¡' frart ?-5 fL, depih"

Tlie presence cf a hrqll cohesion in'uer"cel:,f can Ìle seen

fron the r"es'.i-ILs" Ca j-s aÌ:ou+- 9"C lb" pclr r:1" in" fr"o:'rt +-he ccn-

solicia-ied-un<ira'i ned tests anri. a,bouf 6"0 tb. per sq. in. averaaee

from the consolida.ted--cì:-aj..ned 'r,ests" Thus ii is -'een fhai, fo:r

f ho [íi nni nocr ¿l ¡vs a ]riqhe :' col-lesi cn ì nt,er"cep'u in tenas ofl eif ec-

ti.¡e str"esses is obt,ained írom lhe consoliCaf ed-uncìraineC, lesLs

-Lita.n fr.on ",,he consolidatecl-CLraineC rucsts. This a,r:-r.e €s v¿t,h r.;hai;

/r rl
has been observed. b¡r J.D , I'lishtalirr'"/ in 

"fte 
case of a iij rrnj peg

c la-;r"

Tiìe aver¿ige shear s'Lrenlfh envelopc for elfeclive stress-

es âs cbNained, b.1r consclidaled-undraineri tes'us is shor',1'r irr íisure
( t .>'

19 along r^¡itìr 'Lhose reported b.v J"iJ" ilish',âk\-'l anrj C.l-ì.

lryl
C::¡,.-'"fol'd\ ' 

) , f o, tire sane ilrpe of soi i, sa::itpies cf w:ì ch t''rere

t,aken Íron ',-Ìie Iìeci Ìijver Floodr'ray site. ¿rso includeC in iabl-e

7, an1 figu-i'e 2L ¿.re t,hc resç}is of scrLe fri ariaL -besis done

on a ì.{innineg cla;¡ 1-.;r j. Per,ers a,s ð. p¿ìri oÎ his st:ll} ""rnfin:'-shed
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'¡';" äc, iiresis, e,.7, 'i.':e llniver':riT.,¡; s¡ ri¡n-it,cùl¡-, In a.ll ca.ses the

.i:ests on i.he scill 1:^on t,he ll_ood.y¡¡¡;5i*ç wer.e rJc1.; .,rn s':ecj:Lens

';a]¡en fron 'n1cc14 ser-i¡l ês " The ies-Ls rn the sr:i-i fron llc' Searlc

Gr.ain L;levaLo:" site we:^e dcne cn snecìrliens u-a.ken .fron sheiir¡i läbe

c rr¡.r-l oe

,{ii ::esi-rlts cie¡-rlj' ir:rìic¡,e iìr¡li '.ite allFjlc oll sheat"jnq

resi,sil-cce pl fct"',,1-i-nniÐeg cl-e.l/s is soner';ha,tt loi'¿. The" ¿¡Isc

sl:iow i,ìre þlîesence of a hiqh coÌresi cn inl,crccpt 
"

iìcsuils clt"t ai-nec.l, ìr;¡ J. Peì-ers f ro¡n iests run a,l' p' taie

cf si,rr.:.j,n oÍ C"Ç:1 per" l^roÌ11: sl-r c1,i aiiilos'¿ a ccnst a¡lt, r¡al-ue ai P"

¿nc'L fcr a-li pur;;cses no verial,i-crr rr! lÓ\ r¡iili cÌertn (Tabie l)

frt eriull lo L/,.9o cbfairred l"or scil sa'inpies roil a ieplìl of

?å to 9 feet .jen bc 'i ¡¿nor"erl l¡ec,li:lse aí lhj,s shall ci'¡ rJc¡rÞ"h the

sril :ra1' nct i¡e suiii:i cnt,l;' uni.fo:":-l in t,s r: ol¡c¡:f;i3s or r3Ðr^l'-

sent,ati.vc ci li:e cla-: slraia in lf-c '.,':rrn:ì.?e q el'c4." Thc rcsulls

obtainecl froL:i test,s ru-ll at cllÍfercnt r"ates cf sfu'aín (tre.r^ríor=d,

Sanar.asingha, - bable ?) shcr.+ e. variaNicn of øu,nnth 1.he ra',-e of

strej-n îrorn 8'; B'e.j. 3"5,,4 st:"ain tier hortr to L);,2o 10"9:í sirajn

per hour-" Ass'.rl¡nr,: fhat Øt v¿ìl-Lres na;i be coltlla: ecl for clifferen+-

loinnipeg cl-a..'¡s uncÌer icj,entic¿ri raJee cf iesling, a. ¡:r:Lph of þ'

i,qainst ::ai,c of sl.r'a-i-n ina¡r 1¡e plol-.ie¿ (f: c1,¡e ?-?-). This rouqhly

sìlolr.¡s an i,nci"ease in þu.rt:lh clecl"easi,nq ra'u¿ of s'ura'i-n.

lrlc su.ch comlle.r: scn câ-n be ::i¡.rje i-n -ritc case cf rrcohesicnrf

tt u as i't, rleperrci.s on ihe ailount, c-f n::e-consciiC:.""j-cn anci 'r,he rì eg::ee

oí cLi-s+-urbance etc 
"
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UO}TCLLTSIOXï,S

Itlhe res'-:.11 s r,¡erc ri-is;cuss'¿'C, i,r clet,¡.jI in the pr"ev:!,ous

cìra-llier" Cn Nhe ba.sis oi iìrese resli}+.s the f ol-ll'iinl concl-u-

sicns na;r be sr:fnilÌårized, aboui Nhe soii tesled v¿hich \'Ies ä. t¡rpicai

cia-¡ ir ihe .linniÐeq arcl,

There is a 1o','r anfJe o¡ sìiearinq resi slâ-Tlce ancl. a hieh

rrcohesion interceptrt " Tlre an¡1le of sìlea.riri¡r fs5i5lance is a.bout

I -?o ¡s ø-ì ve:n i-r-r ¡¡" consoii,lated-'rndr¿:-j-ne cl Nesl and oni;r slig¡6 1tt
L2

lo',,¡e-¡. bl'i to 2-1, lhan that as gj-r'en b;r the consolicia.leC clra'ineC

tes*, u llhere fir i s r"enuired '¿licier drained coniitions it is Ìlosi5*

i-ble to .3ss i,he uncJ.r'a.inecl t,esi '."¿jLth ilclîe pressii-re nieesì"Llîenent

ra'i,ìrer' *,han ihe dr¿.ined tesj, which te-kes several da¡c .

The pore pï'essuï'e pa:'aneter -"(aL f¿ilure) ties betlqeen
I

! and 1, !-ron lltc pore oï'essì-ire chera-ct,crisf icsJ vector
,a
ry

cultl¡cs et,z " o the clay can lle cìescrj-j,ccl as hoing }igìtt,iy over-

consolida.',,erJ,. iror tire over-sonsctidai¿C cì-ai's (nad-nun olrer-

conscl-ida-ticn ratic = 8) Â,.rrar:ied between i ancl I " The Iilniied
i84

r¡.qr'i:f.ion of À r.n{er diff ereni conCificns i¡oulc1 jusiií;r its use
I

j-n pr."cLicai prsbiens, rvhere i-l is lne¿istrred in the l¿.boraLor';r

i;nder. cc,nrlit,icn5 si¡nilar t,o i,hose in Lhe fj eld pt'oblem"

The ra-i,e of sìr"¿'.in e.ff cc'r,s the 'besi :lesrllLs ín +'he

consol-i-clateC unch'ained..{:esf¡. I-liqhe:'ievía1,or sr;resses and ior''¡*

ey -ìDye pi.essr-tr-es r"ecuit :yçn ð.ec'rea.sing tÌ.Le s'l,rain îa-ie" Fcr'
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: el-iairle :res'lrl'L.,s a strai_n 'ï,Ì:et q,',.rres a ,i:l-rne io fai_l-ure oí i¡ tc

á hours or rnore aÐÞeaT's safi-sía.cì.or¡¡"

'lhe tv¡o f ailure cr.ite-r.ia, the :l¿r,tiill_-r¡r ri.e.¡i a'¡oc' sir-ess

anci tire nari-ni-u:r principal stress r¿lio coj-nci-cler] in eil tests"

The næ:nun d,evia,lor slres:: r,.¡a.s us';a.'lIJ' r"eachcd abcut, ói si:rajrr

anr1 f i¡-j-lur"e planes d-errel-oped. afli,er t}rat. The;:efore it, j s no'r,

possibic No use Llre n-illi.-siaqe tcst usi'nrî one saclrle to oltiain

a, üohr" :lupÌ;ure envelope,

.4. cornparison cf ihe iesi resultr; r¡iJ,h ct,her repcrted

resu.ils of friaxial lesis cn cia¡.rs 'in the i..iin¡Lipe, areä. sltoÌ.,'S

ilrll lhese ci.l¡rs :,av¿ iairl;7- ',iirilcr.r prcrer+.i-cs.



CONSOLIDÀTION DATÀ

Date

LQ - t-C I 5

El apsed
lime

a o

.¿/-l

Pan

Load(lü

I'

lm

2ç¿-t

7¡n

CelL
press ur\p.s.1/

lo H1

t5 2Ò

,1( I 'r4

¡L

/t-()

2, tu

Tomp.
.F

24.',"

MOISTURE CONTENTS

4gt"

Type of drainage:- l'op ---;- Dprrom

21CeIl no" -- \a- Frame Doc --å*-

lottom Dreinage

Sample Location

dater( cc

Cont¿lner no.

4-t-20

Wt. contalner + molsÌ sample gm,

4-O , ctO

Wt. contalner + dty sample - j gm

40 .. BO

Wt. molsture

Air

/t-a . 6Ò

Wt. conlalner

40'+C

wt, drv sa m ple

+Ò. oo
.1ct '60

Molsture content

39 "4A

42,70

å-fter Failuro

ainage
l*"T-'-y Alr
t__-_

47, 3Ò

3c/ ,0Ô

Sâmple n.o,

Depth ft.
Tesr hole no.

t¡À, 2L)

39, 2A

42 ,OO

4t .ß()

D ial
Reqd ing

¿+/ ,irc

Yo1ume change (av )
Length chaaße (af )
Corrected area( u")

'To ¡,

------ 8m

+l .to
+t .oo

"5'oo ¿)

gm

')

97 'z-q-

+4,7ô

. 5 0.3c¡

76.05

Fcctlcçtc-
P lr, ø,t

4t . 4-\)

SA MPLE DIMENSIONS
DIameter, Top ln. l. 4.3

Mtddle tn. I 42
Bòttom ln. l' 4.0

Averape fn. l'¿-Z
A ve¡a ge Helght t ". 2,:-E-3-

s:: :::,**g:,1. år 3:L"-a"[*#
^Spectfic gravttY ------- -É

Volume of samPle----ee -{')
Volunre of sofl sollds cc n
Volunre of voids ----- cc '+
Degree of saturatlon -'
Denstty Moisr- Ib ,/ cu ft.-j
Density Dry a -Void 'Ratio. 

'j

SKET CH .{ T FA iLUIìE

grn

5

21, lq

ö+Õ
<^l1r\

.36.25

@

*¿

39 .8ö

62..ct I

' 5 tA.O

í2ct

62.91

53" +

P¿ofl-o¡.t

t2.-to
39.7Õ

-52clo

58, 6ô
I

+'3o cL
O' 05 ¿r1

(1, - ¿vrlv) i¡tz
(::=-¿tr7,t)

?3. 2t

5t" to

530ô

ao

Énl ire

<q. r\

t . 4_.3_
t-42-_
t . 4.0_l' ¿-z_
2," 3

¡; 1 ,4n
ulai;l=*.í^..í-.-

7.50
5 |'4-^

| 5(;' 80

Proj.ecr

Tested by

I

Before
C onsolidation

I 3,68
3 +'.ð

En*.ire Scirn¡rlt-

:4"7 . 42

t 5 B. q%
I

''-76
r-l È

4"5r"..f
o<2J-Í.!.*.

.-iJ:å

,1-ðË-

.4i.\'

4 4" B t

(, )

3',7 " 4-2
5_= 76. 61

ñ&*

LJ

58'3

Da te

Sample DcscriPtion
qvej-cJ-u.- P.cc:

hn,-"J lo

SOIL MECHiINICS LÁBoRÁTORT
DEPARTN4ENT OF CIVIL ENGINEERII!

UN IVERSIT Y OF N{,4NlTOE ¡1

FORT G¡1RRY Mr''NITOB"A
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Dapth
ft"

Type of
test

2û

[lois t ure co¡rtents

lonsolidated
Undrained

IrJ .
..t

'w
f,

59 "5
:42
)v ê I

iB,0

58 "g

2A

iB"o

i5"2

ir "0
46"9

w
fp

57.3

54 "o

48.CI

w
b

^qÞó

) I e "

53 "r
53.O

4ö.i

57 "8
57 "9

58.0

59 "1

Rate of
strain

in. per min

97 "6
I00

a2

oLn

55"8

55 "O

54. o

i6 "o

?ß

56 "5
)o "4
57 "5
i5 "1

0.ool5

(347, / nr

56.o
(,, o

57 "o
(r, Â)+. e

fi,
Lb/sqin

i7 "9

58"3

57 "8

æ

95"o

96.o

96 "o

96 "o

)o "¿

53"4

5r.9

onsolid ated
Drained

( constant

(q- q)
Ib ,/sq i

æ

4o

6o

80

o "ooo67
ft"s "/o / hrt'

55.1
(( rì

¿|8.3

thax

1b./sqi
n

59.5
<'t A
-) | c'"

58.0'
(R rr

(r, o

<,, Ê

r,Â o

t7.7

33"I

34'8
45"0

56 "O

47,O

48.g

44 "u

97.9
qAn

98 "l+

æ.

4o

6o

80

57 "o

48"g

k9.Jl

43.0

10.2

20.8

14.0

¿4")

et lo

0.00040;

(o "g 
"/, /n )

57.5

48.4

h9"1

45.0

2g.8

37 "5
36"6

58"8

tf
ming.

4.10

À.08

4.86
I "40

ozk

97 "o:
gB"0

96.o

8.0

16.2

tt.5
202

20

4o

80

7o

Rn

9o

140

',q

2.80

5.28
6ûo

5.73

29 "o

37 "9

53"O

I

8"8

I10

225

22CI

225

20

4o

6io

80

7"3
!7.7
2J+"2

Af

Table 6 - Sunrnary of test resul-ts

]0 "B

"265
"fo5
.4o2

"55o

FaiIed

43.6

56.7
69.T

4.04
6.oo

5.94

12,g

hrr h¡ r n l¿

290

420

450

9"3

.268

"405

"3t5
.348

i¡a.¿¡¡è

9.55
13"60

16. Bo

13.2 9"0

.29

"335
.457

14"0 7.o

\no



êñ+h

ft"

Type of
test

25
Consol"id ated

Ðrained

It{oist uro contents,

\ "3

U

55"2

)4n-1

constant

lr.
t

25

5t.4
49. "I+

lonsolid ated
Drained

. tr, decreasin

}I
Fr

(ln

w
À

sz

49"8
(ôR

53"8

54"2

54"2

)4 nu

Rate of
strain

in. per min

z5

97 "o

97 "9

l+4"2

45.5

48"1

53.t

Over -
c ons o1 ld ated
Undrained

l+2"0

47 "o

5r.0
('ì (

42.L

44,8

53"8

52'.4

ls
]b/'sq in.

55.o
53"7
5t+.4
5l+.o
)+._)

53"8

95"o
g6 

"o

95 "o
o(^

(l rì

h7.6
146 "4
tu\ "1
Itõ.r
1u5.4
I

I

l5z.oil,(
lL+) e -)
1,,< o

146.4

14t.n
It+z.t
I

20

Ilo

8o

120

o,- q
b/scr in

t, t, -?.+1 . I
t,L a

4J.',l
,," a

l+5.2

umax

rDlsq r

25"4

35-o

57 "8

oÁn
oq ô
o7ô
'1 (.v
oÉ, o

o'7 
^

102 to Jo
8oö 36

60 '' 28

ll0 u lll

wi= initial water content
wt= ïrater content at the top, after failure .
wb= n n' r r bottomafter n 

o

wfp= n { in the failure z.onec
S = degreo of saturation"
ef= strain at failure.
tf= time to failure.

' Tabte 6i (ctd.) - Su¡lnary of test results

urZ

0 
" 
00040

(0"9 | I nr

52
l, f,

a2

¿o

\.5
13.0

16.0

u"o

t¡

1"20 to lJ
Ê20
ã, â^

)vn' 40
E8O
å' Ì20

0 nl

tb/scl ii

22,8
z6.j
3t"2
39 "9
50.8
59 'l

10.6

5.2

À"5

3"3

l¡l, B

2rì
3.4
t l.).4
5"O
l.3.2
4r"0

/.1'

(ñ

6.0
4.92
t+.74
6.0
5.L5
6.6g

L5.2

400
320
320
420
360
460

6"5

12.o 7"5

"131
.131

"r73
"125
.26o

"7LO

\lt
l-J



PORE PRBSSURE vs( 1) CILL PRTSSURI

(e) tn¿¡ ( During ce}l prassure increase)
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DEVratrOR STÂ-aSS vs. STRÅIN
PORE PFESSURE

( ConsoLid.ated u¡rtrralneô üå6t - rate of atraia O.OOXj ia Per nia )
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DEVIATOR STRÊSS, 
VS, STRAIN

PORE IAESSURB

Consoliidated rrndraj-ned test -
raÈe of s.traÍn - 0"Ð0067 ir1/

%:2a
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cu= B0

af
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d
U)

q)
Ê
pæ
r1

¡

.f.
D
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DEI¿IATOR STRESS VS STRAIN
PORE PRESSIjRE

(Consolidsfeil unô¡ained test
rate of etrafn - o.000lr0 in/nin)
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DE\/TATOR STRESSVq 
STRAIN

PCIRE PÊESSI]RE

consolidsted undrained test
of strefn O.OOOhO !n/min)

3"0
S'IRAIN

Fig.l I

6o

5a

( Over
rate

57
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DEVIATOR STRISS -US. STRAI}I

( Consolidated drained test )
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Itfohr Rupture liJnvelope

( Consotidated. undrained tes,t - rate of atrain O"0OL5 in,/ rnin)
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Mohr Rupture Enyefeps

\ Con,ol,"lilarbed undraúaed tes"t - rajte of gtrad.n O..AOO67 i¡" ,/ ¡cr:in )
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Mohr Rupture Envelopo

( Cons,olida:ted undrained test - rate of s'train,0"0O04O ün per roin )
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Mohr Rupture EnYelope

( Consolidated drained test)
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Consolidated drained test )
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Mohr Rupture Envelope

consolidated dralned test
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Mohr Ruptura lìtvelo¡,e

( over.-coas-oLiðatêd undralned. tss.t- rats of s,traia O"OOO4O ín/mít
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( S.tress htstorY Paths )

( 0vor-oonsolldatod undrained tests )
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Mishtak

Crarvf ord
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Table -/ - Comparison of test results on \'linnipeg cl-ays.
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