
J . E  f i U B L A N D



THE COFCSPT OF EPP EOT I'VE STRESS 

PARTLY 5ATTIIiATED SOILS

A thesis

prenented to the 

University of the Witwatersrand 

South Africa

In partial fulfilment 

of the requirements for the degree of 

Master of Science in Engineering

by

J .B .  BERLIND 

June 1961



the undersigned, declar* that this thesis 

1. is entirely n.y own worK.

.

iversity for the degree of I'.Sc. (Eng;

d e c l a r a t i o N



d e c l a r a t i o N

I ,  the undersigned, declare that th^s thsaiu

1 . 1  ' ' •

.

"niVf-rijity !'or J. he decree o . -sc.

nr "II ______________,-r. TT-M.



ACKNO 'I EDCEI'ENTS

The work described in this thesis w.:-.c carried out in 

the Department of Civil Engineering at the University of 

the Witwatersrand during I960

on a research grant from the Hoiith Af rican Council for

■ • •

with gratitude the opportunity provided by the Council 

for carrying out thin research.

Throughout this investigation my supervisors,

. .

beer, prepared to liscusa the various problems which 

arose. Their interfat, help, guidance and encouragement 

have been a oontinual source o' inspira 'i  n tor :.ic 

express my sincere gratitude.

The OtiffiUlatir* disc ' V.r# R .H . Trills,

.

department, were also gr* atly -it  ; r* ci te I.

The many lengthy and fruitful discussions with my

Wagener) helped in clarifying many of the problems 

encountered during the investigation.

■ ■

this

Finally I wieh to record ny gratitude to my parents 

without whose patience and encouragement thi thesis 

could not h''V(‘ ' <»• n c unpletorl,



SYNOPSIS

The definition of the principle of effective stress 

and its implications have been examined for saturate!

•

of oedometer and all round compression tents o. partly 

tural I anti f u l ly  s&t irate i s< i l s  ar# presented.

These results together wit.:■* additional experimental

that rncst soils, fp 

through tc clays, exhibit behaviour which, below a 

critical degree of saturation, cannot be accounted for 

by the effective stress principle.

critical degree of saturation appears to be below 50#. 

In clays, however, the critical degree of saturation 

is upwards of 85$.

An explanation for th* observed behaviour of partly 

.1 0i 1 s is offered, 

structural changes resulting from a change of pressure 

deficiency in a soil are very different from those 

resulting from an equivalent change in applied stress.

The investigation as a whole indicates that, 

the critic?. 1 legree of saturation, the concept of 

effective stress in a parMy saturated soil is not 

valid* that the term *intergranular

stress’ uitab’ * than th< '

stress’ since its us< does not imply the validity

• the prino •

The practical nignificance of the investigation is 

discussed briefly and tho lines along which further 

research would prove profitable are indicated.
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around Eur

>f noil Tneohoriicfl to cover

to account for certain eoil phenomena not manifooted in

fully saturated noiln, must not be overlooked. For this

■

saturat' d soiln should not be am'lied to curtly saturated



2

principle of <»fl otiv* r.tre tv i' the  o’* lull./

jn.

in parti

e.

v : I r i





orga of T:H-mr

Before examining the problem o:' 

partly saturated so

inv atigotion involved

Lie*

apparatus is described i 

by a description of testing

1 incusnr I in ebapt(r V II .

ajor portion of th investigation is d< voted 

to considerations of volume changes in partly saturated

In order t.o afford so.nc measure of completeness 

a bri':f examination

characteristics of r »rtly saturated roils is presented 

i! oi ai ter V I11 . Ch • : . *al *

dircusni n\ of the investigatioi as m whole.



9.

principal atrese-.e conaint o '  t '0 ^ r t a .  One part, u, acts 

in the weter and in t^

Lntensity, 11 m l  I th< Ltral itr . 1 ■ 1 io<

o i ' - 0 ] -a a  ' - 0 -u d 1 ^ r-u rt ii-eaentn an 

cxcoar over the n utral ptreaa and 11 has itr* goat

Of the total principal stressi s will be

called the effect Iv principal • str . .  All the

1 .JL



or •••!:» • f.• 1 ,-ranu'1 *r oi.ln.

; Ic Li rw 1 ’ore'

■n;: of contact n

attributing * oo ; rc.unibility n tv* a oil s fcruoture Cr

i' id bid in showed that

measurabl



where

.'si*n jf ■■ ♦ - .................
■

onto a plar

*

physical arc

fluid.

.

0uu- In the or -u of ;:v  nulnr nu«. f i i 1m, however, oven 

3hc?aring ft»sidt&noo.

It in doubtful Whether a o ' ai.'pii’Vi to tho comprension

of denuely packed granular

• iteriul:' ooirr roor Lo> o-jn only occur- t r* MiH of rain 

distortions. f;i ilarly In cl y- y o<-i 1 - con. :uv nr ion will 

occur due to the bonding of flaky pnrticl ri m d tho 

nqtueozing out of w.-to r ' ro- t;h •d:iorbcd layers ourrounding 

each clay particle. In th r c c ' gov rnn tho com-
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7

pre o oi on

'

For those noil ’> cofilpr* ■ io 

expression  ̂ for 3 ttecoiu* »

. . . . . . . .  (1*4)
i .

.

thfit eomprenuiMI.ity o ' th i-oil struct \tr< re m its

ro:>. rn i ‘ din-t ortion.

In general compreonion

nor significant in clayey 

quati (1#4j and

________________ ___ _______ _______________ _________ ___ ______________ ____________ _____ ___ ____________— ____ ______



grains are relatively soft (lead  oof.; r iou 

: ■ i • » ’ ' - ' ! :

equation (1 .1 )

.

indicr.ti that th> ;nrae4ioal p > ieatioi of the >rinciple

Pt c1 v« loped
ot j.vt »; tv •••’ vhich otatoa 

elz-y, • it): ~ civ* n initJaJ void r itlo, tho void 

ratio af t* r Urn ••■ddi tion of T.iail i :r raeritn of effective 

at. rein1 in d t< .rmi. d iielunvt.ly by the throe principal



o

t for identical

/ T o ;

1.2

Void ratio contour- i r >' 1 r • i n• >i t to and rttruMC >utho
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torial initialX

■ ilitiriu;

in-:i il irticleB. This

equation i j
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'

component of tin

;■ ct ’ onnl ’ *i‘■ ■ t *

■ cl • rvicl- 

,

throv;

.

♦ -

.

BaiBW rsl partic
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th« n oonaiii ro f  c various cor.pon -nto of the

■nverage
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\! « i + H 1 —. .

wheru

Dividing through by tv. ' \ n  \ of oroao ooction A t

• +  Jt * ' : ■ ■ ♦ •— « a • m v ! «

■ ; ■. (! . 1 ■ rii 

+ u(l~ u) + R - A ................  (1.9)



1.1

to a = 20 percent will not bo r ■■tv th *n about 4 rr‘ ,j;'

■ per lb.

..............  (1 .10)

equation (1*9) b<

.

( 1 *1 )
( i . i ) ,  ( l .io  ( X . n )

• • • • • • .

.

fcity.

*

.

» ' '
”y co: r< Vision

.

1 i ( 1 .1 2 ) .

\iv n i; equation (1 .1 )

' ’it.. laon H (:;

lU eq tion (1 .12) • ■ n h * ' th' •• . -• or A or

#ee ppi lij for : •. ■ 
thui’e fnrc ;r.

clc tai h d  dooori] tion of

______________



both must change in orch r

intorp rticlc d i m e  

...re known
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at re 38 • rinci’ile 

3oc ondary effe cta
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