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Ït has been knol¡r for some tí-ne tbat the fluid Ín the voids of
a soil ¡rÍLss e)lerted a pressure, but the importance and effect of
this pressure (called po::e Lrater pressuïe) on soíl strength, untit
recently, was not fully realized" T¡ this research program some

aspeets of pore r¡a.ter pressure were studied and laboratory techniques

developed to facilitate measurements of pore Þressure.

For purposes of this investigation, a Farnell trlaxial machine

r.ras used." Ït eonsisted of a triaxial compression cha¡'rber, a loadÍng

device, a control urit aad a nu'l.l indieator for measuring pore water

pressure" Due to a failure Í¡ the feed valve for the loading device,

most of the loadj¡g r^/as d.one on a chicago soil Test loading apparatus

r,rhicb, although no::ma11y used in the consolfdation test, i¡ith some

rnodÍfication served the pì.rrÞose.

consolidated drajned and und.rained tests rrere rt¿l on sand and

sÍIt, Pore pressures r+ere recorded, on undraí¡ed specÍ:nens, and a

i'fohrrs rupture envelope plotted. for effective stresses at a straÍn

i¿here the ratlo of the effective vertical stress to effective

horizontal stress rtras a ma:cimun. I'lohrls rupture envelope for drai¡ed

tests was plotted at maximim deviator stress.

Test results í¡dicated that excess hydrostatic pore pressures

are dependent on the volume change tend.encies of a soíl under loading.

If positive pressures are developed during shear, the strength will
i¡crease if the pressure dissipates ffith tj:ne. If negative pressure

is developed duríag shear the soil trill lose strength if the pressure
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is dissipated' Ta praetíce, if pore pressures are expected to

d.evelop, alloi¡ance may be made Ín design and field sutrærvision

e:æreised. to ensure tlrat pore pressì.rres do not reach suffieient

magnitude to eause failure.
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fhttL neee¡tl.y, Fre pressu¡e rras a reLå,tlvely rnexplorred field
of soiL neebaaf.es¡ Íet it ls of naJor f,nprbanee, slnee hordag this
p1€EsÌllìÊ pemlts a molre eonprehæsf.ve aaalyels of eoLl etr€ngtb andt

subsequat deternf¡atlon of a stable deslga, b cohesÍve soåreo

pone water bears e eertaln aærnt of the appl.teô Loaeling rnùtl
eonsoLtdatton (whleh nesul,ts frron the dlsstpatton of ¡nre water and

hmeo pre pressure) is conplete" Tbe pr.roeees Ltr granular naterf.al

f.s slnfLar, but tl¡me of eonsoLldatlon ¡aueh short€r.

In order to visüsLfze po¡e pr€Êsutìes, coaslder an l¡ereaslng

load applled to a saturat€d soll. .â,s the Load beeones htgher the

sotl teads to oonpress, plaefng the ltquid r¡tder addittonal pressure"

Tbls pressure Ls wbat ís lmom as excess hydrostattc ¡nre water

trtrêssureo rf tt ean clLssJ.patee tþe sof.l" r¿LLL eonsoLldate and

strcngtben, If the prrassure cetrnot bo dlsstpated, fntergrenul^ar

(eff,eettve) etresses wtlL not fnonaase and strengÈh løltl be lor€r"

ï¡ eertaln ea6es, tbe pore pressurìB Esy b@ due t,o capi3.Jary rlee and.

thus aegatLve. r¡ dueb a¡r lnstanee, cogrpressfon uor¡rd eartse

dlssfp,tton of negatlve pnes6unê, nesultfng r¡ a ræakeafng of the

struetu¡e"

Ìül-th an t¡rderstanding of the causes of porra pr€ssuree theoretleal

and l¿boratory analys€s are mre readlLy uadlerstoocl, fhe pnogram

L-
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folLoræd f¡ Èhls thesls was lntenttect to do the foltorrlnge

f-o set w trþrÞ pr€ssure me&sr¡rl¡.lg eqrri¡neat fn the Laboratory.

2. Develop teebnlques suftable for the neasuroænt of pore pressureo

3o Ðetermfue sgne asp€ets of Iþre pressurås o¡ roeal Eo![s"

ï¡ thfs thesLs the folloufng synbols wtLI be used:

Total vertfeaL stress fl1

lot¿l l,ateral stress CIã antt %
$lnce 62 = % and ls applled sfunuLtaneouel.y, as a rr.r.e only [3 rrtll
be nsed,

-2-

Effectlve vortleal stress

Effeetlve lateral str€ss

Pore water prÞssrure Ìr

Irltt rctght f
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For.sl¡ater po""*"l, as applied to soiL neehanics, 1s the

pressure of the fltuid i¡ the voids of a soll $â,ssø This pressuree

as will be índleated in subsequent paragraphs, ls very lmportarrt in

soÍls engÍneerfng and may be eittrer positfve or negative, as shornrrr

in the folIoi*Írrg analogy"

Consider a knyizontal sectlon through a r¡ass of soil,

, ,. ,- 
-

P0REI/ÍATER fRESSimE

'(
t 

-:r' o' 
",t--rt--:-'ì "''i¡i

I ì I j I ___ area=.å
i:iti
Fl FZ \ F¿oF5

Iet F1F2F3 bo eo*ual- vertícal intergranul¿r forces"

Inèergranular press',oe2 (effeetive pressuïìse or 0 )

=Fl'[-Fr*Fa+++: *
A

Iet u = pore pressur€e r,rhích ls the prþssure of the fltui.d

in the voíd.s and acts i:r aLL direetlons"

Then the total pressure 0 = 0 * u.

In a saturated soil r^¡ith no capil3,a.ry rlse and the later table

at the surface 0, 0 and u eor¡ld be reprresented schematicalþ as foLlows:

Note c sat = urÍt r,rcíght of saturatod soll

w = unít i,leight of r.eter

^3-
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from above eqr¡ation O- = 6'* u

= hfot - bf*

Ia thls fnstaûeo u fs posf.tLve.

How eo¡¡slder the cs,se of a saturat€d Eoll wtth caplllary rlse

to the surface and the ¡oater table below ühe eurfaee.
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Y

T¡ thlE ease u ls nogatlve ln tho zone of eaplllary rlse end

holds the soll partleS.ee together.

Pore prrssure f.e the eontnollfng faetor tn the rælatfonshLp

betwæn aornaL stress and vohme ehango, For an oqual aLl-rrmd chango

fn strÞse thls ts expressed qgantltetively f,or a Eaturated soil þ
the rel¿tionshlp
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5-
AV- = Ac 6f- ¿u)
v

Where 4[ ã ebange l¡ volæe per mit vohæ of soll
v

^{ = cbange fn total nornaL stress

4u = ebange fn po¡ne pressurê

Ce = eonprresslbtlXty eoeffiel.eet of the eoiL skeletoü.

f- u = effeetfve stress

It nllt be aoted that ÈhÐ volæ wILL cbange lf the pore

prsssüra ehanges.

Thl.s ls tþo ea,t¡se of, the settl€nmt of a buflilfne and also

erplsl.ns addf-tlo¡¡al settlenents eaused þ grromd mter Lomrfng.

Tho Ehear etrengtb of soLls te largely deternÍ¡ed by the

ff-otlo¡¡al forees arlsfag ônrcag eIl,p at the eonteets bettpea tbe

sofl partlcles. fheee are a f,rnctfon of tbe stnese carrled by the

so}lcl skel€ton rather tlÞ¡ thÞ toteL aoræL stress,

fhe ælues of the stressee O-aacl T ee* be conputed by i¡trc-
d,ucfng the ntmerlcal vaLues f,or 0t, ftil, and,"( lnto equatfons,

Eoræveru tæ esn also deternf¡e these valæs by nea¡s of the grapbleal

proeedurelS

¡l' Ç
o- _"ì

".---olrrj
-1-
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rn thfs diagra.n tbe coupressive etressee (positfve) are plotted on a

horizontar axls fton the origln 0 to the rtght and, the ¡neitive
sbearfag sÈresses sn a vertieaL arrts f,ron point o Lu an qn¡arcl

dfreetlon' Henoe psitlve values of the angle / appear abr¡e the

horlaont¿I a,xis, The horl.zontal a¡d.s is reserved f,or the prlnclpl
stresses boeause the eorrespondfag shearfag sÈress is eqqal to zero"

T¡ order to detemlne tbe vaLues 0-and z for any pLane forafng an

arbf.trary a¡¡g1e / uith the prfncf.paL plane, tFe @ke o rrr = 0ttt, 0 r æ

{r traee a cJ.rcle ¡rfth a d,l.a,neter r rrr = 0i - Oiu, whos€ eeator A

Ls located halfuay betr¡een r and rrr and. trace through A a Llne åa

whieh ¡nekes an angle 21 wj.th AI. For geonetrleaL reasong the absetssa

of fhe PoL¡¡t"ä' thus obtalnecl. fs equal to tho noraal stress f, and tto
orrlfnate fs equÊL to the ohearlng stæeEr, ThÊ distance oa,

repreeents the resr¡ltant stress on the inelind EeotLon tb:sough the

s¡neÍnea.

Ilenee the cfrele of *leb r rrr is a d,i.aneter reprreseats the

Loeue of sll the pofnts shleh ane defiqed by oquations s s c + O-tan Ø

arrd s = ftæ, fl" For thls reasoa the efrele ls eoøpnþ eelled the

eirele of strass"

'6*

The fal.lr¡re plere, whfeh :ropresmts t!Þ mxf¡arza resf.stance to
sheer, m,y þ rrrltten as z= fü tnn /+ e

ä = nomal sÈrees

ø = angle of failuro plane

ø = cohesLoa



If pore presgure measnrenentg are nade, then

q = o-*u

=l
and C= f,ta¡rØ+.

Parameters .å, and B

-7-
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Jüts 4Ç22 4ff3e ehange V by an a,rærnt = * 4Y

Inereese ia eff,estive etreEses

afi = Ao-1 -¿u

Aq = Af,Z-aa
-:Agt = af3 -a:¿

Deerease ia volrme of eofl Ekeletm

-av = vtr -3q AîL+ ¿Ø +À6).E

E = Torrngre moclalus

-ë/ = Polsson'E ratto

If ao dralaage oeeurs

-4V = nV6*zìu

,.'l

T 4Çz

4a E lncrease la pre pxþssrlrrs

a E fnf.ttraL proeity

Cw = eonpneesibf.tlty of ftütd
The decrease in volrr¡ne of soit skeletcn is almost eatírery clue to
the cleerease ila volr.:ne of voicls"



Therefore n06au =

But ,4 CI-Z = 4 13

Therefore4u =

Since Cs = 3@ the conpressíbil1ty coefffcíent of the
E

soíI skeleton,

C* is constant only fn fulty satr:rated sollso ?he cozrespondlng

changes Ín pore pressure are ther¡efore ercpressed. fn terms of, tr¡o

enplrlcal parameters A and, B, where

4v = B(as3 + Aûrul - 4q) )

For ftilly saturated soils the r¡alue of Cr - that of çater alone

- ls so sma]-l that B = 1 to withtn the ljsits of erçeri¡ental accur&cyo

The value of A depends very largeLy on r¡trether the soLL is noræ.Lly

consolidated or o\rerconsolídated..

Pore pressure is an fndependent r¡ariabLø3 and, rmless condítions

of draJ¡agê are such tl¡at the fluid ín the pore space can be fÞeeIy

e:qpe11ed, a.n excess pressure will result fþom the stress clrange" Tbe

rate at r¡hÍch this pore pressure dlssipates depends on the permeability

of the soiL" For a thíck clay strate or Írnpe::vious rolled, filLs, the

tl¡ne required. may be nany J¡ears, During thís period. the pore pressure

is a f\.rrction of

(r) fnitial stress chanæ

(ii) coefficient of consolidatioa

(:Ui) tfre distarrce of the soil elpment fþon

a surface at wbích drainage caÍr oceur

-8-
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Pore Pressure Measr¡renent

There are three prtael¡ul types of trf¡d.al tests ærd these

are cf¿sslflecl aeeonlfag to eondttLous of drafaage obt¿lne¡l dlurtng

eaeh stage"

(i) Ilrdralned teste - I{o d¡al¡ege and bøee no dlssJ.petlon of

IÐre pr€Bsure is pemitted cltnfng tb applleatlon of the

all-rotnd, etrneÊs. $o clrainage is allorcd durfag the

appLleatlm of the devJ.ator stress,

(¿t) ConsoLidated thalralnecl-Draiaage ls peratttd duz{ag the

appllcatlou of the all-rouad. EtresÉ so tbåt tbe sanplo ie

fll.lly consollclated rmd,er this pressu]reo I1Io drataage ls

aLlor¿ed durlag tbe a¡pllcatfon of the devlaüor stress,

(fif ) DraS¡ed, teste - Ðrafaage is pe:mittecl throughout the test

so thst fuLl eonsoLülatlon oeer¡rs, and. no exeess trþ¡¡e

pressÌrre is set up durfng the appllcation of the d.eviator

stregÊ n

It wllt be nsted tbat utren neasurlng trþre pnossr:res, l@É

eonsoltdatlon rnder the eonfialag pressure nnst take plaee flrst,
otberwlse the couff¡l¡g pressure rrLLl lnflLuesee poæ pressr¡tê,

renderfag eanblglnus results,

the oaþ teet whleb eould glve effeetive sÈrees elireetS.y Ls the

dralned test, and. on a sanpl,e of low ¡nrueablltty clrainage nay teke

a coasf.derable tûae¡ tt æuld tbereforer fn sone fnstaneese be nore

conveuLent to neasse the porÞ presEt¡re d,J.rectþ clurJng shear. If

*9-



the magnttrde of the pore pressunes duriag ghear are hror¡o, tlncn tbe

latergranr¡jlar st'reeses @y be eoaputed ar¡d e¡rable the detEml¡atlou

of tbe true strengÈh envelopo,

Ihdraf¡ed Test o¡r Saturated Cohesl-vê Sôf14

If pora pnassurê lE rneasr¡¡red. cltrrfng tho teete the effeetLse

Etr"esses at fallur"e caa b€ deternlned" Both effeettve strosses are

lndepenilæt of the applted eeLL preesusa, thus oaly se eff,eetf.w

Mobrte str€es elrele LE obtalned and, the sbape of the fal1r¡re

ævel,ope fn torus of sffeetive stress ea¡not be d,etermJ¡od" (pore

pressüre lf measr¡red r¡ot'1+l be eqtmL to eonflnÍng pneestue),

ünôqêJåed-fests ou Paru.y Satr¡rateô Csheslve Sotts5

-L0-

Thø devlator stress at f,afLur¡e ls foad to faerreasE rrlth eeLl

prsssureø Tbis l¡erease boe¡nes prþgx€ssively sualler as the al.r fa

the volclo fs eonpressed and Faseee fnto eoftttfon, The fallur€

envelope expnessed ln tems of, total. stress fE aon-llnear. ff tbs

pore prþEsure is neasurred, the failuæ ennelope ean be detamfaed la

terae of effeetfve strees and Ls for¡ld, to bê e sürz.lght }[Re over a

wlde range of stressu

Congolldated-urdraf¡ed teets, e:qlressed fn tems of tote1 etrrees,

ean be app].leô ln praettee onþ to a very rllal.t€d erËent" If the porre

pnÞssr¡¡e f.s measureet dlæfng the md¡afaed stage of the test, tbe

resuLts ean bowever be erçaressed f.n terae of effeetlw Etr¡ess, fho

val.uee of e and / tUr¡s obtat¡ed eaa be ap,pLtecl to a wldor range of



practlc¿l pncblems,

Ï¡ tbe stalrdard test consoll.datLoa talces pLace under aa equa3.

all-rrrnd pressu¡ae and tbe sanpre Ls then sheared by facreasiag the

axial load at a suffl.ciently sLow rate to ¡nrevent any bnrild-up of

excess tþre pres$Ìrrêo The nfnor prlnef.Fel strness lz ú fallurÊ ls

thus equal tn the consolldatlon pressure¡ the mJor prtnclpal

strrees 6f ft the axlel stress, Sfnce tbe pore pressure ls zeno, tb
effeetlne stresses are eqrnJ- to the appS.led etnesses, ancl, tbe otrength

envelo¡re fa terms of effeotÍr¡e stress is obt€,i¡ed dtr.eetl"y fbon tbe

!4ohrts str€ss clreles at faLlu¡¡e"

*f.l *



l'or ¡rurposee of thl.e laveotlgatlone a FaruelL trta:ctal mehl¡e

r¿as useö" ft eonsisted of a trl.ExLal eonpreosion chaøbor, e

bydrauLte load.lng cylfnder, a eontr.,ol rætt aad a porre pnossure

neasuring devíee" lhe baeLe design¡ eon¡urent psrte aad fi¡actlon of

eaeh of the ¿bve rnlll be deal.t uLtb Lu the forlor,rfng paragraphs"

TüST ËOUITMEIIT
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.ådvantaeeE;

Drafaage nay be eoatrolleel and, po$e prcssurrø neasured nore

expedltfouely than by any other praetleal E6€lâFø Fatlr¡¡e to

appreel.ate tbe stgpifleaace of exeess pona pressure fn strength

measureænt has been prhaps the greatest sfngle factor tn tbe late

devalotrment of Sotl l4Eehanl.es as a s¡ætemtle brancb of Ctvtl
I

Englneerfngo.

ÐfsadvsntaeeE;

Lo a the test¡ l2 !e eqæ,1 to $r hÂt få f,ny pr€,et,f.caL probLens

tbls fs [ot soo

2, ïn the test, the prfaefel plaaes ar€ ffbred tn rel¿tton to tbe

a:cLs of tbe opeef.nenr" T¡ prroblens l¡hare tbe dllreetloa of the

@Jor pnl¡eÍ.pal stress ehanges eonstantl-y r¡oder applled stresses,

tbls $estrict'lon l{ûrlt's tbe aeauracy wttb uhicb trþt¡e pmassure e€n

b predieted,"

3" Fþietioa betræen tbe lo¿dfag esp and opeef.neu restriet lateral

strain by fbictlon"

l*u T¡ a dralned tøst lt fs dtfftcr¡Lt to obt¿in rnif,omity of volæ
elrange, aad l¡ an udraf¡ed test it ts dlffleult to obtai.n

tulf,orml.ty of ¡rcre pregsureo

5" The du¡atlæ of a test !ûay be a eonslderable tlne but no aecorat

is taken of tbe phenorena of ereep l¡ sotLET,

L3*
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(a) rnr&ffinÍ c_HA¡4EER

The oeLt (Orrawing So. 1) consLsts of three prfnetpal compøents

- tb base, ubtch forrs the Pedestal on wt¡lch the sanple ¡rests and,

lneorprates the varlot¡,g pressulrg eoanEetions; the renovable cyllader

anct top eap, whieb enelose the sarnple and eurable flLuÅd pressu:re to

bo apprfedS ancl the loadf¡g ran, rsbich a¡rplies the devÍ¿tor stress

to the sanplle"

îbe prlnetpal features to be noted, are¡

(r) The base"

(Z) Tbe reævable cyllader and top eapo

þ) The loadfng reûo

(l) Ioadlag cêp6o

(¡) Rubber nêmbra¡re,

-u-

The hse 1E naehlned from a sfnglo br.ooøe forglag and f.s

pLated, lbsre are provLsr.ouE for four pressure oonneetlo¡se as

sb!üe l¡ Ðrawf¡g lüoo 2t

Lu The eonnection for fillfng the ceLl t¡lth the flluicl, usuall¡r

watern to apply the aLl-rorad pressureo ThLs eonnection aLso serves

to enpty the ceLL at tb end of the test and, shor:ld thenefore be

nade sufficientl.y large for rapld empt¡rfng,

2 &,3" The eonneetloas witb the base of the eanple¡ these p¡ovlde

for dralaage ln a drai¡¡ed. test, arrcl for trþro pressnre measr¡renent fa

u¡dralaed or eo¡¡soLtttated-rndralned tests"

Four sbalLow radiaL grooves tn the top of the pedestal



provlde a@e€so to tbe baEe of tbe poroue cllse tn &u,fned or pore

Pt€ssuro teete, The elfse sbor¡Lril be laert, rlgld and aeeurat€If flat.
4" The eonneetlon wtth the loadfng eap; thls is used only tf
tt Le neeesearTr to pass mter througb the sanple durfag the teet (to

saturate Lt or to æast¡re pemeabLl!.ty); or i¡ a dieslptton test

shen the eoefficlent of cossoLLd¿tlon ls deterafned by moasurlng tbo

rate of deerease ln pore pressure at the base of the sanple whLLe

drafnage ls pemttted fron lts u¡rper ond.

Tbfs connectlou also serves as a tseans of pore pressut¡e

Ineasurenent at the top of tbe sarapLe, Sr¡cb measurenente are nade la

sanples of, lsw ¡nmoeablllty,

the renovable cyllneter and top eap: a trans¡nrøt Perspox

cyllndler fs used, whteh f,aefl.J.tates the eettlng up of tbe test anct

enabLes the node of falh¡re to bo observed,, Strafn obse¡rratlons cen

also be nade optl@aIlõr, the 4-fneb dla¡¡eter eyltncler used ls f fneh

i.u æ1L thiehees and le normelþ taken W to e pl¡eesr¡le of 150

trpr¡rds per square ineh"

the eyllnder fs pe:manently fttt€d betwaen O-rlngs as seals;

the onþ Joint to be rnade dr¡rl¡g testlng ls botr¡ee¡r the lomr brass

eoAler and an O-rtag seÈ l¡ tbe bse of, tbe cel,L. For thts the b¿r¡cl

tlght€nt¡¡g of three nubs Le euffLeieat.

The top eap¡ b whieh the eyl.lader Ls elxed, Ls a bro¡øe

eastf¡g, aad the eontrel boss foms the bush Èh:norrgh whleb the

stål¡leEs-stee1 rran sHd,es. An air reLease vaLre is ftttedr etrd

theæ f.e elso an olL fiLler hole for addfag oLl before long cturatfon

teets"
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The loailt¡g ram trþses the uechenleal pnoblen of bow t,o conbf¡e

mfnlurm frictfon a¡d leakage wlth s, ran ettff enougb to earr¡r a ¡riele

raÌ¡go of a¡d.al loadE a¡rel rrith a travel eufflclent to pe¡mlt Large

stralns.

g å-fnen eüaæter gnotnd stafuless eteel ran nnts ln a 3-appcl

or honed bronze bush and ls lubrleat€d lrttb ofl or greaseo i{o

packt¡S or seallng rlngs are used, $itth tbo elearranee aomalþ wed

(g"OOo3 f¡.) the ram, lf slped cleaa of oil, fall,s freely tbro€h

the btrsb¡ a¡d l.f oLled, fells sLovþ mder f.ts o!û tolght"

Ieakage f.s controLLed i¡ sbort d,uratlæ tosts (up to about

half, an bor¡r) by ap'plylag a f,tln of, tbl¡ grÞase or o11 to tbe ram

Lrusdtat€þ before testfng, For teste of Longer duratlon, the eeLL

l.s ftllÊct with r¿ater to slthfn abut one haLf lnch of the to¡r, aad

the r"e,nalnlng spaee fllled øItb m¿chine o11., úich floats on tbe

water, Tbe vlscosity of, the olL reduces Leakage past the mn to

neglþlbl,e proprttons, and teste of sovoral days d.uratfsn ean be

rr& on one eharglng of oil,, Efflclent lubrfoatlon of the ran Ls

alEo e¡rsured,"

For teetE nm at e co¡rstant rate of sërain tt ts generalþ

Eufflcient to obtela a øero neadfng on the proving rlng wlth the

teatLag naehlne nmnlng at the specffled rate of sfrafne btlt stfth

the ran out of contact r¡lth tbe top of the sampleo

The ran8 ts fltte€t wtth an aelJustable collsr as a stop to

prevæt Lt fron bei¡g blor¡¡ out of the celI s&Ên noÈ la posttfon fn

a testfng nachf¡re. the eell ean tbus bo used as an fndepealclent tnit
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durfng the consolldatfon stage of, the test, ancl trÊnsfe¡reel to tbe

m¿chÍne oa a flLexible pnessnre Leed only wheo the ariar load ts t€
be applfed,.

Ioadlng es.pss the load fron the ran 1s Èra¡¡snttted to the

sampS.e by varlores alternatlve t¡rpes of loading eap€, The toadtng

eaps for thls naehfae arê qulte thf.ck dr¡e to the Large ad.al l¡eds"

Both are aLunlar¡n al.loye one belng sorlcle the other reeeesed, on the

botton a¡dl fttted lrttb a ¡þrous dlec to peratt drafaage" A d:nafnage

glaad f! thÊ top of the eap J.e eoanect€d by nea¡s of a polythene tube

to the nupper Fore pressuretr gL€nd t¡ tþe base pLato. Tbe ¡rurlnse

of thls cap has beø described previouoly t¡¡der tt0o¡nectlonsn" Doth

caps bavo a lnob oa top (of tbe saee nat€rlal) t ¡¡etr ln dlanetor by

t/8 ¡ncn bfuh and ror¡rded on top" Thls !¡rob acÈs ag a seat for the

loadfag ran,

flrrbber aembraae; the sampLe ls enclosed J¡ a thin rubber tub
or rnsnbrar¡e 5 to 6 Jaches in length whfeh Ðetr be obtel¡ed eoumerofall.y

or uade l¡ the J.aboratory fþq¡n seLf{nleanfzlag latox. lbe nenbrane

should apply the nfafslte restrafnt to tbe eanplle eonsistent vlth
pnovtding a rellable brrfer to leakage. the thleknese ls usralþ
0,011 - 0,015 for s¡neLaL tests on soft cLay.

The n¡bber membrane 1s seeld agalnst the snootb surface of *be

Loadlng eap and of the pedestal by nrbber 0-rfngs rnder tonsf.on,

sprtug lato place nlom tbe enel of a netal tube, he rfng at each end,

J.s sufglelent tf tbe surfaees are erean and the membrrane l.s a elose
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f,ft¡ but tt ls generalþ a usefr¡L precaution to use geveraL rflgs,
parttcularly ln long duratlon testc"

(b) pgrarls 0I'.êppgqårqÞ FÐR ænmow
The use of En afr reseryofrs tbe oi-mplest nethod fs to h¿vo an

afr reservolre of large capaefty eon¡nred witb possible vslune

ohanges ila the sarnple or Leakage fkon tbe cell" The afr acte on tbe

st¡rfbce of the water supply to ühe oelL and ls itseLf øupplleit Þy a

uotordrl.ven eonpressoro

å typlcal layout fs LLlustrated, l¡ Drawl¡g 1{o" J" The alr
sapply FasseË th¡ough a reduclng valve, End lts adnf.ssion to the

rese¡nof.r Ls controlled by another valveo The blow-off valve ¡nmfts
the rednetlou of pne66ure, elther r¿hen makl¡g ftae adJast'rnnts to lts
nagnftucle, or at tbe end of a test"

(e) IpåÐIsG_ÐEgr€

?h€ bydrar'lfe eylfurder ls sræpLled wtth liqutd fron the contrroL

rult. å, seh€må,tle ðlagrnn of thls mit' f¡clleates tbe systonrs

o¡mæ,t1on, OLL fro¡a tbe reservolr l.s pmped up to the bypass valve

and feed ve.lveo Tbe bypass valve peml,ts the exeess oJl to retr¡¡m

to the resersolr wlthout gotag to the cyllader. OiL tbat passes tho

feecl, val.ve goes to the opoa-clos€ valve and, de¡ændfng on tùe settlag

of thls va1ve, proceeds to tha hydrauS-lc oyLfnder or back to tbe oLL

reservolr, Ihe feed va-lye prmlts the cyllncler to rise at a nqrdnwl

rato Of one i¡ch ¡er wrfnute and nay b elowed dorEa to E€Too The

opn-c3.ose valve pemfts r¡s to reLeaee the eyltader ultbou¡ ghanglüg
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the adJustnent on the feed røLve or shuttlng off the notor.

Just prlor to comenceuent of Laboratory r*ork tbe feeil velve

for the Fa¡neLl bydrarilic Loadlng cylfnder broke aad the Chlcago Soil

lest loadlag devfee was used, for nost of the work" Thls devlce $ras

notmally ueed for the eonsolldation test but, wtth sone nodLfteatfos

(see photograph page 36), served the purpose extrþ¡gely wet1" The

loaels were applled nanualLy fn fncrements of oae to flve prmds to

the end of a lever, whlch gavê a neetranfeal ad.vantage of etght at

the Load yoke. lflth the chleago sotr test apparatus, ao eorrectlon

tns rrequlred ln ealculatlsns for welght of piston and force n€cessar1r

to overcome eonff¡lng pressure¡ 8s a balanee ms obtåíaed rrith snal1

load lncrements prlor to testlng,

(a) pETArrs 0F MEAsrrRIsrG pong p$isrJaE

the usual laboratory æthods of measurlng pressuro - tbe

aercury manometer and the prês8lrre gauge of the Bourdon-tute type *

cannot be appLled clf.rectly to the ueasurement of pore pressure i.n a

emall sanpre of so11., owlng to the volrme of pre r,øter whlch ¡or¡ld

heve to flov fron the sampl.e to oause the Lnstnment to regfster,

Thls aærmts, for eænrple, to 0.013 cublc l¡ebes for each Fuad per

squane f¡eh rlse ln preseure for an t/8 nea bore manometer¡ for a

sensitlve Bourdon gauge (totar r€ag€ 0 - l,5o lb/aq" l¡") the volrre

ehange averages 0"025 cuo f.no pê:l. Lb/sq" ftro ovêr the range 5 - L5

lb/sq" fn.

Tbls flow of pore water bas tr*o mcleslrablE resultso It
msdlfles the actu¿L ægnitude of the pore pregsuro exc.stiag fa the
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test speafmenn whteb tt ts the purpos€ of tbe a¡rparatus to meesurei

tbls ls parttcular]g fnportant fn so1.ls of low conpresslbtrl.ty" Ta

addltlon, l¡ solls of low perneablJ.l,ty, the fllow of pore r*ater leaite

to a serloue lag fn tho attel¡nent of a steady readJ¡g on tbe

pr€ssræe gauge or nanoaet€r"

Tbese ellfflcultÍes ear¡ be entfuely avolded, however, by the

use of a ntúl nethod of pressrre nsasurenent r*biah has ræÐy advantages

for general l.aboratory useo

Tbe at¡IL l¡dicetor conslstE of a glass Èube lmersed, l¡ a

!ûereurJ¡ trougb¡ as ehorB fn Drawl¡g No" 4, The pore pnesstrre 3.lne

fron the sanple f.s eonpletely ff.Lled wtth r¡ater and meets tbe nereur¡r

at some pol¡tt in tbe eapfllary tube" 5he l.;l¡e fton the mereurlr

trough to the rnaqometer or Bourdoa gar¡ge Ls aleo conpJ.eteþ flLled

wLtb ¡nater" Thus the Emallest vohme change f¡ the sample ås

transnitted to the pressure gaug66

Contrrl_Q:rlf¡¿ler

gae other æJor Lton needs mentl.on bforo referrlag to the

a¡lparatus as a whole¡ srd thls ls tbe eentrol cyllader (OrasÍng So. 5)"

It consfsts of a eyllnder apprord.rmately 1å lnches fnner dl.ameter, a

brass pleton end a staf¡less steel pLston rrocl. the nal¡ featr¡res

are bnought out i¡ the aeconpanyfng figure, wlth the exceptlon tbat

the plston rtd. bears oq the plstoa by noens of a recessecl deep grþovo

baLL bearf¡g packed wlth grease" Tbe plston bas a totaL travel of

about flve fnebes.
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The eonpJ.efe layout of the apparatus J.s sho!úr dtagrarnrnatieallry

(DrawLrrg iüo" 6)' rt wlrt bê ¡otecl thåt fn additton to the pressur€

gauge (O * 150 Lb/aq. fnu f.r¡ gradatlons of L Lb/sq" in") a nereury

mnometer ls fitted" rhf.s ls ased (t) gor negatåve Iþre preseu.:rÐse

(ü) gor the aeeurate me¿su¡enent of low posittve pore pnesouxìese

an¿ (fft) for ebeeklng the zero €rror of the pressure gguge" It is
callbrated ctlreetþ Jn eeatlnetere of mereutï¡e Failure to cro¡e

the isoLatlng valve nmr wt¡en passing tnto tha bigh-pressure r.age

aptr)ears to be sufflcf.ently f,reqnent to Justify fitting e nereur¡r

trap at the top of the nÊnometern

The graduatacl tub frhtr connected to the valve Hfr lE ueed for

deteralning th,e gaugê and mnoneter readlngs eorrespnding to uero

pore pressüFso In the eas6 of falty saturated sanples thls grad,uated

tub ean aLso bs wed to moasurîe nolme change durlng the consolfdation

stage of åests i¡ nhåeh drainage is perrltted through th€ base of the

s¡mefneno fhfs procedr¡¡e ls noü pornisslble wtth partly satr¡rated

samp3.es as it results ln the accrmu]¿tlon of air ln the conneetlons

used for the neasurernent of pore pressure durf.ag the r¡ndrafned stage

of the testso

PLLlJne the Pore Pres$rre S,pparatus
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The nanufacturer suggested thet the following proced.une b
ad,hered, to r¡hen flLllng the apparatræ.

L. Remove the nercury tr.ap fto¡n the þse of the nuL1 índleator and.

fliLl the eentre portion wlth re-clisttlLed mercur¡¡ø Serew lt back



on to the nr¡Ll fadieator approxfuetely one rrevoluùíonu

2u Conr¡eof tb coppr eaplllazy tube Èo the qppet ead of the ar¡LL

f¡dieator"

Ì{he¡r seale is ln lowest þsltfon *i.LL the rnanoneter to zeno

leveL wLth redtstflLed nercur¡r makfng eux'€ that bth ooh¡¡mtr are

eontlnuoug"

Conneet outlet at nJã to a supply of de-afred distilled rsater and

eheek tbat the pmp ls scttotæd, righÈ ln,

Cøneet a vacur¡a pmp of tbe r¡ater eJeetlon type to tbe back of

the glass eoek on tbe pr^essr¡re slde of the msnometer.

Close ualves rllu, nkn and nJtrr turrr glass eock Botr at top of tt¡s

mnoraeter so that lt eonneets the vaeuunfl prmrp to 8nn,

Open valves nmn a¡td lln¡l and pull vacuun at non 
u

!ühLLe a vaeuun fs being pullecl at noil o¡mn mJH" Water wiLL

thr¡s flLow through ojo fnto the æ.ter puurp aild tho eonnec€Ions up

to 8on"

3"

l+u
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5.

6u

7"

8.

9n Close vaLve nnB and screw out sater ptrûp to fi¡Il ertent.

10. Cloee valveE nJn, nmn and nfn" O¡nn valves nnn and nkil and prup

water t'bror€h the nuLl fndlcator uotll tt ls lssuíng through the

eapillary tube at the pint whore lt eounectE to the eel[. t{hf.le

water Ls ÍLor*l¡g conneet to eeA[ at polnt nar{red np.$olun and.

eLose ralvg 8all.

LL. Open valve nfn and eontfar¡e pr:rapfng de-alred distilled rlater

tbmugh fnto the bu¡eÈte mtil this is balf fult, ensuring tbat

no ¿ir ís trappd in tbe nrbber conneetlng pípe"



1''2, Close yaLve ilnrf, open uju to disttlled uøter and reflll Emp by

serewlng out¡¡ard. Close valve BJuu

13" Tunn non frqom amn to the pressuæ llmb of nanometer and cLose

valve ilkr,

14'" Close ¡tmtl and generato a prþosure of approd.m.tely J puadg p"g,f.,

wlth the ptup ølth Hln open"

l.5. h¡ll a vaeurm at non ar¡cl sben ùhe nerarrrSr hae reached a naxlmrmu

open mereurlr prossure l1nb to nmn and o¡Þn nrnn,

nepeet operations L/e aad 15 rntll r¡ater has rnited,

Ðeqaf.Tfne €ncl Cleanl$e Pore Pressure åpparatus

ï¡ a new apparatus, or one aot wed for some tùne¡ s¡ns[

bubbles of alr or other gas tend to adhere to the lnside of the

varf.or¡s tubes and fittlngs" The procedure for nenovi.ng them is

outllneel belor¡:

L" the nercnrSr trough ago J.s serewecl to the lowar liratt of lts
travel, so that the eonnsetåon to thø lor¿er end sf, the gLess tnbe

ao læger dlps be3.ow the nercrrrSr sufface" hlater may then be

freely ctrcr¡l¿ted. through the systen wlthout earryfng &€rcrrr1r

away flom the tror:ghâ ,

2. fhe trtaxlal eeLL is dl.seonnectede and the end of the eopper tube

is fuffiersed ln a clish of fneshþ biled ræter wlth the ralve Ían

opêho A n¡bþr tube coonectad to a vacurm Llne operated W a

rator eJecÈor is fitteet to the tube nhnr a¡lcl wlth the valæs nfr,

nkH and Bnn o¡Þn, sÍ¡d F1tt, Hmä end nJfl sbut, rgter ls d,ralun through

the syston shile tha plston ls screæd ln and or¡t, Raptd opentng
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and cLosÍng of valve tran at thís stage facllltates the renonal.

of alr from the valve ltself" the vacuun lead, nay tben be

tra¡rsfeæed to valv'e nJu¡ wfth thls urlve open aad v:a1ve nfÍ

shuÈ fhe proeess nay b€ re¡reateÉl" &ltenoati.velye val.ve nar eail

be elosod and r,¡ater Esy b€ dral¡r tn through veLre afu f¡,sp tþ6

tr¡be thn' Flnalþ, erlth valvee nfn and fJu elosed and valve aan

oltâae water nsy þ forced. ont r¡ader prcssu¡Ê through the copper

tulæu

To ensure that the systen 1s now alr-freon w-1ve nan is olssed

and valveE ilfn and nln are o¡lan€cl (ralveE ükn and, nun beiag opon

and valve ftJ$ shuÈ). fhe &ereurJr trough ng$ ls se¡ìswed into its
Trp[Þr ¡nsftlon" As thås operatlon dLsplacee waÈar, the nereu4r

uay rf.se up the oaptllery tub røLess thÊ eoatrol eylilader oen fs

screlæd baek aÈ the sa,ne tlnÊ" lbe eontrol eylfnder ls thsn

ocroæd Ín øtll- r&ercury rlses to a eonveulent leve1 ln ths

capillary tube, lhe pressune gauge üdtr fndi.eates an inttÍaL

readfng"

The valve nflr ls aow closed a¡ld the pressure f¡creased by scrowlng

fn the eo¡trtl, eyLfnd,er" A fi¡rther riEe in the mercury LevaL fu

the capillarxr tube fndlcatee elther ex¡nnslon of the apparatus,

eonpresslon of afr tn¡bbLes str.n nomalnfng botteea the nereurg

eurfase and mlves nan and. ufn¡ or Leakage" If the control fs

adJusted to nalntafn constant prossuro on the gêuge ndtt¡ steaily

crsep of ùhe nercurJr leveL J¡dieates Leakage, provlded the

apparatus bae b€m allor¡ed to epol befo:ro ebeekfng. A largo rlse
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shfeh ls not frúl¡r reversible generally l¡dieatEs afr hrbbles¡

wbleh pss into solutton at hLgher preesuneso

çelfeetrs
It ie seldon eonvenLeut to set the pressure gauge oæcÈþ at

the same level as tho sample f¡ the testlng machtae" Thfs, ln

add,ltlon to the dfffarence fn LeveL btween tbe norotrrSr surfaces ln

the eaplllary tabe ancl ln the trougb, neeessltates the wa of a serp

pore-pressure readl¡g on both the ltf,essure gaqge ancl the nsnomeÈer,

It fs, fia fact, of some pracÈleal advantage Èo oatntaln a eouelderrable

dlff,erenee l.n nercury 1eveLs, as thls €nÊures th¿t the pressure gauge

ls aorraLly rncler a snall posltlve pr¡êsEur€, eva lf plaeed at e¡re

level,

To obtaln the øero roadfage afber the ap¡nratus has beon cheeked

for trapped, aLr, valve nfH Ls opened. (afber neduelng the preosr¡¡¡e to

øero) and tbe gnadrrated tub€ nhn adJustedt so tbs,t tbe leveL of the

water la it corresllcndts rrlth the nld-heigbË of tbe sanpLe uader test'

The serew-contr¡L f.s adJusted to brfng the nereury LeveL in tbe

eapiLlary tub to a eonvonl.æt helghte rùLch is n¿rked¡ and the

pr6ssur6 gauge ssd mnnep6ter :¡eadfngs are notedu ThesE are thø zero

reedtngs correstrþnctfng to etmspÞerfe pressunÈ et the nid-heigbt of

the eampler md aLL cbnqgss ia pone preseura are aeast¡r€d. wJ.th

refere¡ree to then.

The zero readfags obvlously clepncl on the mercurJr leveL choBen,

In generaL thfE level Ls choeen to glve e whole ntmbr on tbe Pressure
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gsuge scaLei ¿¡s rnenoneter a@ale fs theq adJusted to read y,er-a for
thf.s LeveLe so that no corregtlon fe neeesear¡ru

Provådsd the levol of the apeefnen befng tested namelns

approd-aateþ eonstant (a 3-f¡eh eharrge ln level mpnoeents an €rrcr

of approxf:ruately 0,1 Lb/eq" l¡,), the sero settfngs should reualn

csnstant" The fe¡¡ eeesnds taken ts ebek then before eseh tost ane,

horæver, ræ1L Jnstlfíeitu as they wLLt tadtcate the prêsenc€ of alr ln
tbe nanonetor, drlfü in the callbratto¡r of, Èhe pressr¡re gauge or loee

of mercurSr fron the s¡rstem.

he addltloaal pofåt iE of funportanee whea both eeLl prþssure

and ¡nre pressure are large ancl the Effeetlve stress, r*bieh f.e the

differenee þtween them, baE to be holm acarrratel¡r. A df.rect

cal-ibratf.on of the por€-pressure s¡rsterm agafnst tbe eeLL-pr€ssure

geugp nay be nade by connEstfug up tÐ a trl.axJ.aL cell firll of water

but Trithotrt a test spcf.nen" The presstre road on the ¡Þne-pressur€

systen fs thus equal t'o the eell pneesureo The we of this dlreeè

ealf.bratlon arl¡f¡nl.zes the error whieh nfght other'trlse be latrodr¡ced

i¡to tbe smII differe¡ree of two Large qrantltlee,

Poqg Pressure Measuræent

When the equipenf ls set up as sho!úr and preeautlons taken to

ellnl¡ate €rrors as prevLolæly descrl.berle the test æ,y þ starbed

and ¡nre prêssure varf.atlons observedo For tbis purposo valve nJn

1s opened, *thn kept elooed, and the eontrol eyllader plsèon eeuÞwÊd

or¡t to pe"xnlt, tbe cyllad,er to ftll rfith raater" V¿Ive n5n is then
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closed¡ valve lf,n fe kepÈ eLosede valves üanp nkH, slnrt auð¡ for tho

st¿rt of the test, 8mn atre opened"

TIee firet slgn of trþr6 prôssuno wlll register t¡ thE null

i¡dLcator þ the mereT;rrJr ehangtng ltE LeveL" By s?¿ttable manfpul¿tfou

of the eontroL cyliader plsË'on, tbe nereury f¡ the nuLL lnelleator Ls

brought baek to lÈs origlaal or raenoH leveL. The etraage f¡r preesurê

Eray aorr be obsemed on the n€reTrry ¡nanometer neu bub ft wtlt be

remembered thât the sanple has not beø perattted to change voltræt

foeo los€ r*ator, beear¡ee the nutl l¡dlcator ls stlll at zeno. (I¡

theoqy the ¡m.ter fa the 3.lne nay be eonpressed, but for all practleal

¡xrqposes thl.s may be negleetede Þeauee tbe preesæeE normall¡r

hsnetled ere too 1ow")

.å,s the po¡e pressure i¡creases to the eapaeLty of tbe mercurlr

manou¡eter the preesure !üry bo tnansferre¡l to She Bourdoa gauge' Thf.e

would be aeeompLlshe¿t by first eloolag vaLvo nkrt and then nna. lalw
BlH rooLd now k o¡med aÐd by ma¡rLEÍLatfng the contr"ol cyllader

plston the eaæ pressÌ¡re plaeed on the Bourdon typ gauge as

prevlousLy ehowed on the nanometer" Valva nko eouLd the¡r be reopened

and the test pnoceededl wlth as before. ït shou].d bo noted thst Lf

velvÞ Rln were opæed before olosfng valve 8kn, the vold created by

tb€ Bou¡doa gaug€ rær¡}l ree?¡lt ln a dletortion to ÈhÞ sanple wlth

eubeequent deleterlor¿s effeets on tbe ft¡al reEr¡ltEo .å. peolble

nsdlfteation of the above wor¡ld b€ to leave both v'aLvee ßln and nmn

otrÞnr shuttfng off nma at a sult¿blo tiæ" Attætton at thls tlne
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ts b,rotlgbt to ühe f,aet th¿t the aontrol eyl.facter mÊy be ropleuleherjl

$åfh sater by elosfag valva rN&$ s&d openfug BJF* frr&hero elnee

poæ ¡¡ne8'Êures øay w efther Fsltf-ve or negatlv,e the plston aa the

eoaåror eyl:fnder shotrldlr et the begfaalgg of eeeh ræ,, be sulteÞly

lrlåeed"
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Trlaxial cha,pber positioned for speci-nen
loadíag on Chicago Soll Test device

Triaxlal chanber psltloned for speetnea J.oadlng on
Farnell I'Îa,cbl¡e

Pore Pressure device (tegt), I{ydraulle loader (centre),
Control Ï¡ait (rieht)
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MÀE&IåIË_6SED

As oae of the prlmary pr¡qposes res to develop teehnlques for

trþre preggure neasu¡serent tesfs, tÌre tests ære LJ¡nLt€d to sancls and.

sllts that eould be teet€d. in the tf.ne avallable.

The eand sanpLe caæ fto¡a a tost bore at Shllo, ! anftoba and

æs qulte dtLateut r¡hen r,ætu It r¿as a Sl¡ee oand ¡nssfng a nu¡rber

forty siew" Its gmfn sf.ze analyeis Ehoæcl, that tt waE nade up of,

8/*Ø medÍr¡n and flne sand,e LtÉ sltt and 5f, cløy, tlhen nade into test

specf.mnse åt proved to b eoaeistent eve¡r thougb lt æs drLed, and

us€d orer agaf.n sevoraL tlmee" The moisüure eoateate dry denof.ty

and voåd ratio t*ero ooaelstont, varyfng sltghtly røltb eouf,tafng

pressu¡36r t¡hLeh geens reasonab:Le" SatumtLon uas aJ.so eotrstEtent

but aer¡er exaeded 86É"

fhe ellt r¡sed was takeå fron an exeavation fn Fort Gar:ry. It
ræ.s a tan sllt with a gra5-a sfze anal¡rsf.s as foLlor¡s s lJft flne eaad,

761ô sILt., ene L7ft cLayu It rø,s quite friÊblê even ¡rÌ¡en ræt and

con¡netede whleh nsde it difftcult to trin fnto teet BJ.z€,

Grafn elze eurvÊs for these neterf.als are shom æ Ilrawfngs

!üoe" I and 9'
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Gor¡sldorable eltffleulty tras ex¡nrleneed fn settlng up tbe

apparatæ end r'wnlng the flrEt testo .å,s a resu].t of the u¡anf

obstaeles eaeotnterêd¡ a routfne proeedrure was developod to expellto

testfng" å generraS. pattern will flrst be descrfÞd,, whfch wåll ap,pJg

to aLL tosts for t!¡lE thesfs, fol,losed by det¿tts used for various

Èypes of sanpJ.ee.

Fl.rst aad forerooet, 1t rfas essentteL that tbe nsnbranos ære

Leakproof" rt l¡as f,orud that aer¡ rnembranese aot even used onee,

eoulËl be ¡erforated. IÈ r¿as dtfflerút and. soneti.nes fraposstbl,e to

Locate holes ln a nenbraae prLor to rr¡nntng a test, but two retbods

were fornd thst æade¡od ¡eeeonabLe resultsn fhe flrst - tbe

mEnbra¡re ms lnfl,eted trtth afr ar¡d held rmder ræter ç¡bfle the

preseaee and, souree of aay atr bubbLeÊr waE earefully observed" Th€

seeond - a sample of flne saad was set up, and afber satrrratlou, lt
was etrLow€d to coneoltdate tnder about l0 p"s"lu If the rxater eeased

to flow fron tbe saople (and rlse f¡ the bnrette) afber an horer, ft
s¡aE eoneh¡ded that the nembra¡@ was leakproof" Netther of the abve

¡ære att'enpte¡l prlor to vi.eæL exa¡alnatfon Èile the r¡ùber Ëas

stret€hed gently wlth the flngers" Mm,bra¡¡es rere handled with eare

and every endeavour ¡nade to prevent then frm bel¡g prnctr¡red, sharp

arbLeles r*ene kept atray and, whea plaeed, on e nolde ærk $as

perforæecl on top of a eLotb. to prevent abrasion.

.ûftor the nenb¡une was placed on the sarople¡ rr:bbr rJnge uere

e¡.ttad arormd tbe base and tbe loadlng cap to ensure a eloser fit,

-/¡Q-
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ALl alr bsd to be rrnoved. prfor Ëo æasurl¡g pore pressure" îhls

as¡nct of the teEt wlll be dlsewEed l¿tor,

The eha¡eber les tben poeltfoned. The loadfag ran was æ11

Lubrleateð wtth E ffne grease and the esntact eurfaaes betwse¡r the

eelL and ttre base tborougbJ¡ cleaned, wblch faetLltated a tlght oea3.

aad preveated, damage to tb easlly-scored netaL. åfter the cel1 w,s

tfgbtened o¡r 1t was ffllsd wifh rnat€r. It m,s for¡od here ¡nore

expedteat and, Just as satlsfeotory to apply pressur€ to the ceLL fn

the forn of alr rather tlra¡r water. Thus the eel,l r¡as firLL of r'ater,

¡¡hLcb ellnfnated any danger of expSoolou ln case f.t burst, andl tbe

pressure l*as applled utth alr, nhich readered rsneeeÊsary a layar of

oLL on èhe rcater surfaee (to aet as a seel) end aa esplrator to

eateh leakage.

The sanple was LefË to eonsoltdate mttl the water eeased, to

rise fn tbe burette" the eonflnlng preesuro was so regulated as to

rwafn oonEfant for the duratisn of the test" trrÌltb respeet to

dralnage, the burette conneetlon contafned a contlnwus eslum of

water, a¡d wban the tubo m,s eonneet'eel to the baseu eadlon ras

exereLsed to ensure a contf,nrpüÉt eolu!û¡ to tbe hse of the sa,nple.

Readings ære takæ parl-or to tb coümenc@snÈ and subsequsnt to tbe

eacl of eoneoLtcùatf.one and the ehange fn voltme of the eample r*as

reeordecl,

The sane base eonneetloq rÊs used, to eonaeet the ¡nre pr€Bsure

equlpent" lbLs løs aeeon¡úlehed þ shutttag the valve on tbe base,

*4I-



diseonneettag the burette llne and attaching the pore pressur@ 3.lne,

agaln t'alcfag care to ensurs a contfnr:ous eolwr of r¡¡ater betrnen tbe

base of the sa,npLe and tbe nereury surf,aee of the nuAI hdleator"

Ioedfng tÐs tben eomenced. end, eontl¡ned urtil tbe sanple

faf.led, lrlith tbe IbnneLL equlpment¡ the rate of load, appllcatlon

r*as set oa the f,eed vaLve to the bydraulic eyliader and reeordfngs

nad.e of tbe load, tbe defleetlon, and. the trþra ptÞssureo Thls

equlpnent f¡creaged the Load eontlnuousLy, and ao tlne r,¡as alLor¡ed

for the eample to consolidato, The Chleago Soll lest Loadlng clevlee

enabLed. tbo conEoll.dation of tbe sa.nple ruder e¿cb load i¡crenent

and at aay tlne the exact load, m the sarrple cor¡Ld. be dete¡ml¡ed"

å,s uith the Farnei-Lu recordfngs rære nade of, 1oad, deflectlon a¡d

ï)ore pr€Sgurec

&ne teebnlques røerre developed te facllltate the settfng up of

sanp3.es" the followlng routfne was d,evoloped and fomd satl.sfaetory

for a dlsturb@d coheslonLess soll-o The nênbrane rilas fittçd on a

¡no1d and placed, over the base, The nold. rms ftLled witb dry rneterlaL

and the loadfng cap pLeeed. A EneLL racrrrm was applled to the sarnple

to nake it rf.gld r¡htle the nold uras removed. After the no¡rbrane sras

seeured ¡¿itb rt¡bber ringse de-aired, distilled water was drarm

tbrough the sampLe to eatr¡rate ltn Thís r¡as acconpllshed by appLylng

a vacutm to the Loadfng cap dral¡age gl-and and glvfag tbe pore

pressure connectlon l¡ the base of the sanple aecess to rmter"

I'or eoheslve samples, the nethod. of eettlng a sanple was nore

' l+2'



el¿borate. åfb6r tbe sampre r€s trl@d (whea Èeeeasary) lt waE

læfghed. Fllter paper shlelds r*are placd on both æds and longltrd-

fnal Etrips of fllter paper equa].þ spaced ancrmd tbo oemple, The

strips ware l¡ eufflclert nrmber as ts adeqru,tely draln the sa,npleu

buö not so nrmerous as to streagÈhen it appreciabþ" (a sflty sanple

nay have needed ouly tbree or four such strlF,É.) The e¡æolnen wa,s

then plaeed, on tbo bese ancl fttted wlth a menbrane, B¡r means of a

vìaeurm appJ.f.ecl to t'be loadfag cap dralnage g}ancl¡ rûêt€T was flLushed,

a¡otnel tbe sld,es and æds of the speeLnen r¡atil aLl- alr mE removad.

the sanple was tben neady for teetlng"

Sancl sanples eolrsolldated very rapldly and drained f¡ aboub aa

hour, but eobeslve naterials took consfderabl.y 3.onger, and for tble

neason, eoae netboci ¡*se required to determlne ¡rhe¿ eonooLidaü1on had

t,ekæ plaee" Thls f&fonnation ree best obtaJ¡ed fron a tine

eonsoLlilatLon eurve" Hlastle aof.lE wl].l never eonpleteþ consolldate,

a¡d for eueh sa,n,ples tbe tlme consolidatlon eurlvìe ws tho øly neans

of detemLnLng when ræe htudredn pereent eonsolldatlon had occurr¡ed,*

Tm graphs were drarn ou seml-log ppr (eee drswfng ¡ege 50)¡ øe

øhowtng vertleel d.efleetion ln rel,atíon to elapsed tlne and tbE otber

ehoufng volme ehange tn reLatlon to elepsed tlss. Ga each grapb

elapsecl tlne r*as on a log scale aad eonsol.fdation $ae constdetned

eonplete shea t'be eurvo tended to leveL off" thts Betboè çe,s rel,ied

ou çhen consolidatiag the silt samples, altÞough noae sf the Ellt
specfaena were tested r¡¡tll vertlcal deflLeetlon ms less tha\ A.OLz\fi

over a perlod of tbreo hour6"
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In the tests on sllt, aone dlfficulty tm,s encouttered fa

saturatíng the speel.uens¡ and ft¡rbher proble,ne arose tn obtafnlng

tnlformity of sa.rnples" fæoLdecl s¡reclmms were withl¡ llnfts,
conpaeted to the sane density at tbe saÐe moLsture eourtent, lo

aehleve thÍs, tbe soll, t¡as orendrfed, serse¡red th:nougb a nrmbor l*

eieve, and tboroughl,y nixd" It r¡ag tben netghed aarl spr{nkledl end

tærked, witb sueh a qtranttty of m,ter ae to give it' a noieture contænt

of about 2OÉ" lbe l¡,st o¡nratlon was done qutekly to preveat

eva¡nratlon and thus assure a bonogeaeous naterf.al" Oaþ enougb

¡nsterleL for one mold ffi,s Left out, the rest plc.ced in tbe nolst

soono Tbe soll ms quleklry eorn¡ncteä, trl¡tmd, trrapped i¡ fol.l and

dltpped l¡ mx beforo nore sampleE were com¡neted,"

The remolded sa,nples rÞre not eaturated as requLrod for the

measurement of pore pressure and tbe folJowfng teehnique ræ.s devfsecl

to obtaí¡ satu¡atlon" Thereforos ln edditloa to procedures al.ready

outLfned for eohesLve naterlaLs, the fo1lowing steps wero aleo

adopteel for tbs sflt speefnens"

A few g"ans of, materfal ære shav€d off the ends of the test

s¡æefnen and lts nolsture content deterafned by a rapfd tæst" For tbe

acetuÞcy reqr¡lrcd here and beeause of tbe d,eslceated eoudltion of the

eof.I¡ lt ¡sas for¡ad tl¡at a g¡¡iak nolEtrre eontent test,, employlng

about one bour of d[yfng at ].05oG, wae sufflef.ento After tbe polsËure

eontent Bas detenßJxect tbe soÍl was retu¡aed. to tbe oven aad reæíghed

24 bor¡rs later as a cheekn Rerøeighlag aever f¡dlceted a signffieaat
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change, the speefneur was the¡ neasured aad r*elghecl ¡nÍor to tts

placemenrt on the pedestal, tühll.e it was satu¡atlng¡ lts orlgfaal.

nof.sture contænt was d,etersJ¡ûecl. Its ord.glael degreo of satu¡atlou

r¿as also deterul¡eel and from thls f¡formatlon tbe rcight of the teet

spoeimen at LOØ saturation r*as ealeulatecl" Water w's drara up

thnough the sanple by w,eutm¡ ancl afber about tt¡o hours tbe epoeLnen

(rEnaf¡f¡g on the bose) røs roof.gbeil to aseertale fts d.egree of

saturatl.on"

Afber tbe sarilpLe $ia,s set up i¡ tbe trlaxtal ehanber and durlag

eonsollclatlon aéler eoaflnfng Pressure, vertl-eaL defleetlons Ênd.

vohme ebanges rlere recordecl agafast tl¡e. Ilere another ¡rroblen

arose, the poosi.btLlty of a leakfag menbrane" If an excessive amourt

of ¡¡ater wae diseharged fron tbe eanple, the operatlon ses b¿lted

long enough to p1,aee another nembrane over tbe e:ristfag nenbrane end

to reneasure tbe eaurple" The æaeureil ehange ln voltme and the

recorded chango ln volrme r*ére eompared. l\ætber, at the end of a

test tbE sanple was reweJ.ghed (before remvaL ftom the base) aad lte

welgbt ebange conpared with fts cha¡rge ln voltme' Ilowavor, Lt *eo

fornd that exeessJ.ve dlscharge did not aluays l¡dieate a ruptured

msmbrane, Therefore, fn ühe insts&ee of a eoheElve sor.l betng

consolidatecl shere a disruptlon of cæeoLldetton nigbt have upset

tbe resultso tbe test, lms ea¡rled ont and checks for leaks tære lefÈ

t¡0t11 tho end" Ia euab fnstanees, LW eonsslidation was based on

vortiaal def,Leetlons, as descrlb€d'
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Based on the verticaL deflLeetlons, sllt sanples seered to

consolidate l¡ about Slve or sfu. hours, A 2'8 lach dlaneter specfmen

for¡r fnehes bfgh dld, not ebange vorrne by nore tbaa L ce. per bour at

thts 100ø eonsoLldatLon,

Ðraf¡ed and ¡mdrai¡ed tests $Ðre earrled out, I^B both tests,

vertlcaL loadlng courqced, after eoasoLl-datl.on rneler eonflafag

pr€ssure was conplete, For the uedrai¡ed test, loadl¡ng took place

at the rate of 16 pornds per nl¡ntei meesrlrerents of trþre pressure

and vertleaL deflectlons $ore rocorded at deff¡oLte tfne f¡tervals

(one ¡nl¡ute) after the appllcatLon of a new load." I[o drafaage fton

the sanple rlas permitteelo Ïrr the drai¡ed test, vertfcal deflectløs

and volrme ebanges wËr€ recorded l¡hea eoaso].ldatLon flron each Load

fncrenemt was eomplete. Zero pore pressures at the enet of eonsoLldatiq

for eaeh Load l¡crerænt mado Iþre pregsure meafl¡nemeats rnneeeËEêrpo
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Ðate a

TRIAXïAL CoMFRE:SSIgN TEST

DATA & STiM}iIAAY SHEET

Descrfptfon of Saiaple :

Befo¡¡e lest

2L Í{e,reh, ]1959

Wt, Speclmen i,fet * l6nbrar¡e + Filter Strips J[A¿_gms"
Ut" lþmbrane + FLLter Strips _L1?jZ,grts.tlt" s¡neimen tùet = we 8?9* gns. Afber Sat" Eár".
!&asured Ðinenslms

Top 2"82

SarapJ-e & Teet I[o, _J__
Sheet l{o. ___Å_.-.-

SOTL MECHANTCS I,ABORATORS

CLavev sandv sLLt

Dla.m. Net Ðla,m. Ârea
f.n" Ð6 ln" ¡2

Cent 2o8O

Bot 2"86 2"81+ Ab = 6.35

ItreLsht -of Specfnen = Ib = _L"ZO _ h"
Iþ = ¿."06 la,

A$ter Test

Tare No, B 2þ, !{efght = _39"9-gsls,
Ht. Speel.uen ltet * Tare = _Llltllgnr.

2.80
2.'78

[rlt, Specfrnen Ðry + Tare = L2L.6-gns"
!trt, Speol-nen ilet = We

Inlt" Speej.uen Dry = tls

At = 6"15
$o = 6.08

Tblehness of l&mbrane = ,01 furo
(Ðeduct twlce to obtatn ffii:õEm)
At + 2ae + au 

= a^ = 6"L? fuLzt+ d=Tõ-*'
VoI. of Specime¡r V^ = À25 ec"

Vp = 388 cco

Faflure Sketeh

Satnratlon

Speeific Gravity of Sollds = G = _?.e9_
Volr¡ae of Solf.etE - Vg = \þ/O = _?52--cç .

MoÈbod Vacum
Fressu:å-TWffi
FerJ.od, L _hre"

= 101"8 ms.
= 85.7 mg.

Volu¡e of Vofds = & = V - Vs Vvo = Æ*-ee.
Vvre = __L35_cc"

Height of l{ater ln Speeinea = W - lis trfi¡o = _l?0=_gns,
4¡e = -Ë3--ßgs.

peeree of Satr¡ration = Vwftv So = 
-99*Q_ÉSE = ÐuL-fi

Voiit Ratlo = VvÆe

!üater Conteqt = Hufrs

Renarks:

Ðzy Inait Wefgbt = l-ar = LLO lbs/tþ3

Speelnen r*elphed. on base.

€g
ee

wq

l[€

= "680
= "5"1,

= zLoo %

= L8é_*É
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T&TA}TÏAÏ, COMPF¡JSSTO$ TFSS
PN¡:I,TMTNART CONSOIJDATTON
DATA STIffiT

Inareneatof %= 0 to--Ég-*i;æftn?

Date

>& tøreh/S9

TJr6

9225

Elapsed
Tt-nÐ
Ml¡ -

Sample & Test I{o" _l_
Sbeet No. *-"*
SOIT MECflANTCS T¿BONATOru

o

00;05tr

Tempu
c

00a10rt

68

00;20tl

Diel
Readfng

R

O0;40il

9t3A

00¡6011

9235

800

02¡0011

9zlr5

Ptpette
Readin6

C€"

WO

L0:05

05¡00tt

?75

].:Oz25

10¡O0rf

5o

Tta

20r@rl

l+9

764

/+0:00n

14ß

756

60c00rl

46

7l+?

L20:00n

If zìVw = AVv s Vvc = Vvo - 4Vw anci A" = Vo -. jV"
Iro - ÁIIe

Cor¡_dltions at &âd of -Çoaso13_Igg¡emegþ
Cbange ln VoL. of k'ater = ÂVw = ___fr__ce
Volrme of VoidE = Vve = _ÐL_ce
Consolldated. Vold Ratlo = es = _új-&_
GoasoLidated Area = Âc = j*gg:lnz

210;00rt

730

rf 4'uw = Avv s ae = aoþ.:jgL i ve = IIe x Àe i vve = vc - vs
Ifo

49

2/¡O;00n

745

695

300a00r1

tÐ

675

37

3A

67

66L

28

659

25

659

41

659

L5

J3
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330
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f . 
*r--.-i_---_-n;---- -l--_-r

]hins.l unit jlnj¡us: : rBurettelt¿ater iufr. ìnff.
,$traí:r ; strain i u¡rit corroctedl Rxíal , Readlns, press . i I¿t. r vert .
iltal : % jstraln i Area j st"e"s c^3 - rb/¡z Stress ist""ssi.--î- -*-1__- -'¡---- î--L_o i o 11"0 i 5.W i6O"O; i o 16o"ol6o,o

FM

TRIAffiAL TIST - DATA SHEET

0

I-oad

CI

5

ÅÐ

80

10

"o02

L20

o06

160

ltili
"ol*91 "999 

i 5o9o I67,3 i : o

L5

o010

200

T6

,018

w

o

L7

.038

?;56

'gW ' 5"90 i74"o

18

,o58

272

L9

"060

ô

288

o

3p.

2L

r.3g

,gg5

"47'I

30l+

L"l*9

.99O

uffi9

w
936

*92

L"85

22

,gg6

.@1

5r93

iiil
81.1 j i 1"8 ':58"7 

i

2.U

23

.985

*098

u@8

5o

352

4

ilj"g? iror"6i i 6

2øL9

r981

88"0

368

-j.28_-
2"38

itiit
5"98 l1:)t+,3 i , '1"2 i52.8 l9?"f

25

"979

.252

381*

I

"976T;-

26

il1"0 i59"O I T].Ð

o978

--T--.--
i 60"0 ' 67 "3

6"o2

l+æ

27

6.?f,

*:9-3I
omputed DH

6"o3

"4

8'50

107.0

?"5 i57.5 i *

6"o3

I

"706

l*32

9"otr _
6øo4,

32"30

og38

109'4

hecksd ÐH

'91+5

.gL5

LT rt+O

1"120

1].'2"2

23.30

L[3.0

L16"0

"877

6,28

i 8"4 i5].'.'6 i 9g"6

53"6 I

27"60

ô

i

6.,45

826

TL6.O

15"8

.?67

6"73

.721r

L9eZ

LL?"0

7 "JJ.

Datet , 2l+

Date: 24

20.9 
i

2L"O

t+4"2 i %"A

117u0

7.7A

I

LfiÊ ioen¡fv3v i t¿t øv

TL6,O

g.L5

Date: 2l+

}ørcb¡ 1959

t€;rch¡ L959

I"larehe L959

114'o

2l+uQ

113"0

24"7

I

36,0 | 92,0

2l+"9

---T--
35.3 i gZ"3

25^O

----T----
35.L | 92.L

-l+9-
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?5^O 91^O
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Faculty of, Engineerfng
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II. of M"
ÐepË, of 0;8"

Grad" Sbudtes 1959

Ðre,þ€d sg$d
Fo,'=:,3o p.,s"i.,

Undrel$ed saed

9ãi+' aCI,.,p¡,ç;{"

J a&

lln&r,alned Fl-tr&

üãr s '3P"P'-9,'ln

F--

\î

. , Ðralned $a,r¡d 
.

' $. := '' .g'8 
,' 
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Failure .Àn81e = 53"4s

3;?ff

I
I
I
It

Snd¡aineit süù
f^-tt*ã¡vZ - +2 ffosclo

I
T f
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{.--,,. a*

Ðralned Ellt
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14-
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ür¡rves shoiring- to!q! stress, effectlve stress,
pqrê pressurs and,fi ¡rs sår€i.n: for an ,mdr.eined
sample of ssnd"

Cell pressure 10 p.snl,

q

EffectLve vertlcal stress X:--r\Effeetive horiaontal stress ¿r-=4
61/€, .,. .:, ' : '

Fore pressure
Total- vertieaL stress
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Ð
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Cu::ves
and F1

showing f1., f3, Fl, F3, por€ pressure
vs etmin for an lqdm.t¡red sa*d,
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Tbe nolæe of tho eenpl.e ms determLaed by øaltf,plyfng fts
neasrrr€d helght (tto) Uy f.te average nêesu:red area (¿o) " The area

sas detersfaed by the foltowlag notbod"

&lcuLatlons

Avetnge area bet¡¡een top and ceatre

åverage area betree¡r botton ancl eeatne

åverage area (ae) througb the top end
Èotton seetlons

2("Að æ å¡rAs+åE+å6

After t'be eenpLe þd ben caasolfdateð, l.ts aeÌ* voLrne (Ve) wae

obtafaed þ eubtraetlag its volræe ehange aceordlng to the Ïlræott€,

aud lts aew beight (tb) noas obtalåeê by stútraettng the vrertteal

def,lectlon f"or {,. Tben the a¡ea afËer eoaselldatfea (fo) ws equaL

fu+å"
2

A¡+2Aa+A¡

åt+ãe+au

to Ve ..

ge

=Àc+åb

=åt+Ac+åe+åU22
2
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I¡ the eesE of a dralnd test, Ef¡ce the vo}me ms ehangfng

durtng Loadfnge a nerü anas. was eaLeulated for eaeb voltæ ebange,

For rndraf¡ed tests, *lhere voLæe was coustant', the area lnas

detemfaed as folloræ

% = €Lree, at Load conmeneemæ.t

Ae = area ¡*Ìrea ve¡tieaL def,Lectloa for load t€tcea

V = åolb

v = Ae (IIe - ¿H)

Therefong å€(Ho - 4H) E AoIIo , Ao-] ,**åe

b =-bL +,t [- i , :

IIo *48 ' , : 1 :

11 :

=---Áo-- ' , , itL
H" ;¿H

-

IIo

^=*o
L*39

Iro

ÁH = @lt strei.Tr
Ho

fherefore As = %
I - tmit sfrafa
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For mdralaed tests on send, fallure oceurred shortl"y afber

the pore pressure reeehed u *xL*9, although thtE iE not evfdent

fþom the vEz'bicaL effeetive stress-strafa eu¡ves" Ât fairure the

sa'npLe expnded and, sand beíng qulte trþrouse disstpated the exeess

Ínteraal pressuree ¡¡hLeh rest¡Lted in the drop fn porê prosÊureo The

sa'nple conflneil at 10 pos"i, f¡dleatedl aegative trÞre pressure at the

end of the test, fndfcating tbåt the vohme had eo fncreased as to

plaee the pore ræter la tensionø

Tbo effeeùfve stress-straln cu:r"yes for dnaJ¡ed tests on sand

(Oraw¡ng No" 16) fudieated faLlure mre poslttveJ.y. T¡ each test,

the eanplo lost voÏmre eonti.¡ruously ratlL falLurer ard tben galned

vohme" It was notLeed that the nfnJ-nrm volme oeeurred at naxf.mun

vertleal effeetfve stresÉ" For the undrainecl tests, the reLation

ÐISCIISSIoNS .0ND CONCLUSI0NS

between strru.fn and ñ/% rns dratm and ¡bhrts rrrpture envelo¡le dratm

f,or the na:dmtm poj¡t oa the oür"rtreo It was also drere far LAft straf¡r

bub the angS-e of i¡te¡nal frletion r*as aLrnost the samø fn oaeh easee

but slightLy J.ess for the latter. Tbls agrees eloeeLy wlth resulte

obtal¡ect ty tayloto"

The tests usfng negatlve por€ pressures rlere quite urfquey fn

tbat they were draJ¡ed, aad yet pors pressujxÞ measurenents Here maden

In these teste, negatlve trþnB pressure l¡rereased, eeconpanf.ed by

expanslon of tbe sa,nple untll falLure oeeuned, and after faf.Lure the

negatlve pr€ ssure decreaeed, ultb aceoro¡nn¡rln g sar¡p1e contraet J.on,

70-



The values of verbleal effectfve stress correspond elosely wJ.th Èbeir

eouator¡nrts fn tbe d,raÍ¡ed test, but tbe angle of intenaL fbletlono

38"8oe æ,s mueh hLgbsr"

The aetual degree of satrrratioa for the sanil sampJ.es æ,s

pr"obably nueb hlgher tban recorded" I4ost of the dlscrepaacy probably

arose f?on tbe faet th¿t a consfd.erablo a¡nornt of sand and l¡ater $as

lost in hanclLfng the sanpLe o Because of lts poroslty, r¿ater drafaecl.

oub of the semple wbem it nas removeô fbon the base süd send ad,hered

to th€ porous dise on the pedestal, Load.fng cap and nembre¡re. To

elLul¡ate tbLs error (subsequent obserratÍons fndlcated th¿tas nueh

as 30 grans of saad a¡d 20 ee of reter eor¡lil have boen Lost), oand,

sanples Ehor¡ld be welgbed wbiLe stiIl on the baseo thea renovod to aa

evapratlng dlsb, aad aLl sollds eltaglng to the apparatus ç¡ashed. off
lnto the evatrnrating disb.

It ws fomd that thE pore pressure la sllt epeelmens d,fd aot

d,rop afber failr¡re, brrb tend.ed to renai! eoust¿nt. ThiE æs ¡rrobably

due to fhe eobesive aael rel,e,tiveLy tnpervtoue nature of siLt, Hith

sand, tbe sa,np3.e not onLy beea,ne Less dense but rp.s aLso gr¡ite ponouss

neadlly permfttfng fhe itisslpatÍoa of ¡rore pressutreo The stLt graias,

bei¡g nueb fl¡er, urould not e:cbiblt tb.ese pr.operbies to tho same

erteat and therefore rær¡Ld, have a tendenay to retain the pne trxîassurê,

eæn after fellure"

&e souree of posslble error $as ensuring 100É eonsolldation"

If eøsolldatlon Has not conpllete wben tho nnll f¡dieator r@,s oooneetod,e
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the eonflafng pressure eawi¡g eonsolldatfoa rcu1d þ transmf.tteä to

the pore pressure devlee and reneler anblguous resultso 0bserçatlons

uæ¡re nade wlth regard to trþno preEsure el¡ango prlor to loadfng a

speef-nen and eonsoLldatlon contlnued, urttL thø pre pressure te¡¡ded

to reml¡ eonstsnt" ÁnothEr poesl,ble souree of error rps fn obtalafng

a sultable load fncrenent. Wtth dminecl tests, Lt r¿as foud that an

exeesEf.ve load fnere'nent wr.¡ld ereate trpr6 plrcEsur€s tbat cot¡ld not

be dtesipatecl fast enough to pnevent prnenature f,aiLnre (severa3.

s¡æefnens fafled rery obrvLoræJ.y la thfs fashf.on and, tberefore tbe data

record.ed thereflon co¡rld not be used). tlhen e pre'roaturt failu¡e was

obvioræe tbe reeulte eould bo d,fsregarded, but when sueb a falLu¡e

was aot obvLous but had comtøced, tbe maxf.m¡n vertleaL stneEs for

the specinen was not reaehed." It $as for¡rd that load i¡crenents of

40 pmds eor¡1d be wed r¡ntLL tbe axJ,al Load was apprcxfretely three

tlnes tbe con*üalng prassr¡¡e Encl 16 prand lncrenents tbereaf,ter,

The angle of intem¿L fþictlon based on effeetlve strlosses for

the r¡rdrafned test on siLt (25"7") was mucb greater Nhen for the

dralned teEt (15o8o). ThLe generally egr€es i*1th obsersatlons nade

by J" E, nobÐr4ru * fTne grafned soilE"

Generally the results agreedcLosely wttb those observed, by

-72*

Tayloru and brongbt out the naJor as¡æets of porewater pressu.re

measurenentso Stltr being nueh fi¡er tbEn sande sas aot as easy to

rærk wtth butr einee it res a eot¡esioaless æ,torl.aI, bhaved fn a

strnllar fashlon" It gave sone Jndlcatlon as to nothods of testlag



other fáne grained soíls such as clayso The inforrnatíon gaürered.

from the serÍes of tests pointed. out the importanee of pore pressune

studies from a theoretfcal viewpofnt, and indicated the technícal

procedure to bs taken" Excess þdrostatic pore prossur€s arre ilepondent

on the volune ehange tendencies of a soil urder loadíng. h designj¡g

earth structures and, fourdationse oxcêss Mrostatic pore pressrr:re Ís

highly significant.

-73-

L, ïf positi\re pore pressure ís developed d,urfng shear, the strength

will increase if pressure d.issípates wlth tÍme, but r¿i1l decrease

tf it does not"

If negative pore pressur€ deri'eloped d.urfng shear, the soil r*Íl-1

swell if the negatÍve pore pressures are dlssipated with time and

the strength will d.ecrease "

20

Fron the precedfng Ínfornation ít is obviou,s that pore pressures

are of major importance. trrlhen a soiL ls loaded rapidly, e:ccess

hydrostatic pressures are developd too quickly to pernit consolldatfoa

and i¡tergranr:lar stresses may not be sufflciently rnobilÍzeil to prevent

fajJ.nro"

If draÍnage can take place fast enough the soil r.¡111 develop a

higher strength. This is the practical aspect of por€ pressure

neasurements " trbom laboratory anal5cis sirnlLar to that carried. out

i¡ this study, the drained and, r¡rdraíned. strength of a soil may be

deterrrined, and design based on the applÍcable strength, Fr.lrttror,



the possl.btltty of exeess bydrostatle pressures developfirg nay be

alloræd for l¡ tbe deslgn by studyfng pore presstrreeo

the La.boratory results nay þ eounbfned r,rith tr)ore prÐssure

meêsurennnte J.n the fieLdlS r. aasu$e that bydrostati-e trþre prêssnr€s

never reaeh sufficlent nagnitude as to c&uÊe fallure, For e:ranple,

the rate of eoastructlon of a blgh earth fill uay be adJusted to

pemlt suffielent consolidatlon of the supportfng sofLs or drafnage

'71+-

provide¿u to assist noire rapf.d consolldation"

A nrmbor of devices bav€ boen developd for measurfng pore

pressures i¡ the fleld and the follor.rlng deseríption ís a general

oaeo Frlor to construetion, e, hole ls drílled doçm to the elevatioa

f¡ the natural sof-L r¡Ìpre 1t ls later desLred to neasrrre ¡nre

pæssure€ å pfpe seaLed at lts loroer end, wltb porforatfons on the

lsst two J¡chas of the pipee is frûserted, 5he space bEtr¡een the pfpo

and the tralls of the hole is backfilLed with grenular naterJ.al for a
díEtanco of 12 inehes from tbe bottom" Hlgher up that spaee is
filled vrith a elay slurry ttøt nust bo of the hlgÏrJ-y im¡renrloue type,

slnce othenúse the devlce wiLL meast¡re the highest ¡nre pressure Ía

aley one of the soil la¡rers fntereected þ the pipe instead of tbe

pressure at lts lower end.

Tbe top end of,the ptpe¡ ebove the aatural EoLl surfaee, is

eonnected to a doubLe line of tublng (to peratt flwhl¡g gas bubbles

or air fbon tublng) whieb ls earried thrrough a speelaLþ dug and

þckfll-led trench,



å' nrmber of sueh devlces are fnstaAled but usualI¡r are conneeted

by tubtng to one teml¡al weL1, where a systen of pipes and valves

pernit tbeir eonneetLon to tr+o pressure gaug€s ruhieh ar.e used for tbe

measüreænt of pore prsssufes"

The pressures are observed., recorded and cornpared rritlr laboratory

results fþom the parblcuJar area to whlch tbey app1y" If the

h¡rdrostatic pressures appeared. to be excessÍrre, remedlal actíoÊ¡ as

prevlou'sly rnentioned r¡ould be taken, rf the hydrostatic pressures

lær"e within tbe limits Índícated by laboratory results, then construc*

tlon could proceed, j¡ the nozml fashion.
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