can be used to measure p . Before admitting this 1t is

neaossnry to examine the assumptions made by Crone * in

arriving at equation (3*5) from equation (3*4).

Coleman and Croney (1952) state that from the laws
of thersodynsalos equation (3*3) must give a perfect

differential, |l.0%*

4€> m Y/S e * o ¢ * @ * U-6)

In arriving at the above relation the assumption is
1 Tilde that, in travelling fror a fixed in itial state to a
fixed final state, the final slate reached by th® soil
(in this or.se in terms of total voluno) is independent
of the path provided the ohnngos in free energy are tho
sane, 0.g. a change in volur.o A VB resulting from n
change ii. free energy p» A V8 (Vja corwtnnt) is assumed to
be the same as a change of volume A VB resulting from an
equal change in free energy p". AVD (p constant)* This
assum ption is known to be valid for fully saturated

soils but there is no evidence that it is correct for

partly saturated soils.

It is now nooesoary to make tho assumption that a
in equation (3*5) is a function only of Vfl* Hence

differentiating equation (3*5) with respect to Va gives

: PE#) *** (B.7)

Vs

and tvoa enaction (5.6)

- P VB * * * « (3.8)

Sine,.. ylcan br oxor.csed as n function of variables

VO and VD only it follows algebraically that

dpt * ('$'$'*) Vm# d V3 hd ® e e



In equation (3*4) pM is hold constant, 1.o. dp” - O.
Hence from equations (3.8) and (%9)

=~

equation (3.4) to equation (3.5) tho assumption is made
that 0O la a function only jf VB irrespective of tho
individual values of O pM ond p. Since p and t%» In
equation (3.5) are th applied stress and pressure
deficiency respectively and if it i1s stipulated that o
is a function only of Ve then it can be oonoluded that
Croney"s factor P 1is idontic"l to Jennings* P factor,
Tho tems O and p in equation (3.5) onn be replaced

by the more convention*! terns ae and a thereby
rendering aquations (3*5) and (3.2) identical.

A most iImportant point nxisoo out of the work Just
outlined. This i1s that when p Is used in its horanl

effective stress context the expression p 3 /

pu i

is orly true 1f the principle of effective stress is valid

for the soil. Hence methods for measuring O based on
tho abova expression implicitly assume the validity of
tho effective stress principle as do the methods
outlined by Jennings iIn section 3.4.

V.

It is important to note that equation (3.5) was
derived from consideration® of volume change only. In
fact Cronoy and Colonan define o in equation (3,5) as
that pressure which combined with zero pore-water
pressure produces the same volume iIn the soil as p and
p" combined. However, Oroney and Coleman suggested
tentatively that the shear strength of unanturatod fioilp
5 determined by an expression similar to that for

determining the volume, 1i.e.
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The extent to which p and p* (in equation (3.5)
and (3.10) respectively) are equivalent can only be
determined by experiment.

3.6 Bishop*a modified offeojiyc stress equa Ijn

Bishop (1959) discussed the question of the tro §
phase fluid. He proposed r modified affectiVC stress,
equation which included a tore for the pressure in the

gas phase. -

ase
denotes the pressure iIn the liquid phase.

WH denotes the pressure iIn the gas and vaﬁour
P

This equation will bo examined for various conditions
of the air and water phases

0) Fully saturated with water ; In this case
there 1s no gnu phase and U falls away, Mcroover since
U2 can bo r "nsidered as icting over tho whole of any
section th. the soil X must be unity. Equation (3,JLD)

therefore reduces to

(i1) Fully saturated with air : In -his caan
there 1s no liquid phase and does not apply* Since
ul can be considered as noting over the whole of aty
oection through tho soil X must bo equal to aero.
Equation (3*11) therefore reduces to

(o} o - ul

(il Partly saturated with all the air In the™form
of oocyltod bubbles ; It con be shown by beans of a 4

1 ik



simple capillary model similar to one unod by Jennings
(Ib™0) that for this case the pressure in the liquid
phase nay he considered as acting over the whole area of
cross section and hcuce X i1s squal to ono. Equation
(3.11) therefore reduoeo to

(iv) Partly saturated with all tho air vo”™ds open
to the atmosphere * Since the air iIs In contact with
thi ntnosphere must equal atmospheric pressure.
Pore-voter pressures ar> usually nor.cured with reopect
to atmospheric prossiuv., 1#0» W 1s equal to zero.
Equation (3.11) therefore reduces to

(v) Partly enturatod containing both occulted and
continuous air voida open to the atmosphere 5 In this
case the equation 1o onl> meaningful If ug is taken as
the pressure of the gv.a In the continuous phase. Tho
pressure In the occulted phase varies from on© bubble
to another as 1t i1s dependent on the radii of curvature
of the air-water interfaces. If* therefore, % were to
bo taken an the pressure iIn the occulted bubbles then
the expression (ug-u?) would vary from point to point
in tho coil nnso. This renders the equation meaningless.
Again therefore, U equals atmospheric pressure and hchcr
iIs oqual to zero. Equation (3.11) onco again reduces to

01 ~ o0 » XeUE

(vl) uy groator than atmospheric pressure in &
laboratory triaxial tost 1 The pressure pinto or
pressure membrane technique described In chapter 11
can bo employed in the triaxi.al testing of partly
saturated noils, It appoars to be specifioally fOr
this typo of toot that Bishop developed equation (3.11)*
Figure 3.4 flhoB a sample of soil enclosed iIn a rubbern:



shoath. The sample stands on r. saturated fin© porous
atone or membrane through which only pore water pressures
are transmitted. Measured ailr pressures can b© applied
through the end plate at the top of the sample.

The effective stress in the soil 10 given by
Bishop®s equation c*

The expression o -u™ 10 the resultant confining pres
acting on the coil aanpl® and can therefore be repln
by the tern o 3. The axpreonion (ug-U") in the pres
deficiency p'* This follows directly from the work
described i1n chapter Il where i1t was shown that the
proOsure difference across n moniaous is independent
of the air pressure* Equation (3.11) can thereforo®

simplified to

vhich is identical to Jennings* revisod effective stress
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(vi1) ul greater than atmospheric pressure in tho
field* It was shown in chapter Il tint onoldscd ~ir

voids are inherently unstable and muStféiﬁnFrlpVégsyallx
disappear aa r. result of the gas diffusing into the

the air phase can generally be considered aa being at
atmospheric pressure. An exception to this postulate
would b< the cnac of a natural coil which is suddenly
imind~t™~ d or which is subjected to r rapid coupr™nslon*
In compacted soils tho pore ’>ir pressures arc almost
Certainly larger then atmospheric pressure immediately
after placement. It is apparent, thert that the pore-
alr pressures night effect the value of the effective
ctrees 1IN some practical cases. Following the arguncjits
presented In section 3*5(v, Uy- iIn equation (3.11) mist
refer to the pressure of tho g&9 iIn the continuous phase
and 1s measured with respect to atmospheric pressure*
Equation (3.11) can b« rewritten os follows

Written in this forr. i1t is clear that the
expression X*us i1s the oonponen* of effective stress
resulting from tho pressure in the pore water end
(1-XD*ui 1® the. copponent of offctivo stress resulting

fror. the preaourv in tho poro air.

3*7 Airtchiaon’™ revised effective stress equation

Aitchisan (1960) studied the rioisturo stresses Iin
unsf*turatod soils using theoretical and experimental
r.othods. Tic doducort that pore drainage operates
according to capillary laws up to pressure deficiencies
approaching 1000 atmospheres. It follows then that the
use of a capillary model to define the relationship
between the soil r ilsture tension and tho pore presotfro
in toms of the geometry of tho solid* liquid and



gaseous phases i1s quite acceptable for soils encountered
by the engineer™

Making use of such a capillary nodal Artchison
"cnflras hia e Uor aa3ertlon that ﬁore p¥ s9ure IB
considered as a stress acting over the whole area of
any plane through tho soil while the pressure
deficiency acts only on n proportionate area given by
tho geometry of the system (see section 3*3)* He the?
proposed that j 7, the effective stress due to prtf

1,a, thx. total effective stress in a partly
oratad soil is

On comparing this equation with equation (3.2) it
"~n be -jm that both, are identical and that & « B*
Aitchlaon liots a number df values of ~ deduced from
toots performed by Westnan (1932) and Aitchison and
Donald (1156).

3«Q,. The; mechanistic approach



= tho force whore contact is mineral to mineral
Fn & the force where contact isnir toMineral.

*V = the force whore contact iswotorto water.
R1 « electrical repulsion.
A’ =electrical attraction.

Average i1ntorpartiolo conditions in a partly
saturated soil mass

Lanbe defines a as tho combined normal stress
acting on tho soil. Then 1If »ddf is the cross
sectional area of an element of soil the following
equation i1nvolving forces oen be written

o .dC * Pn 4 Fn 4 Fw ¢ R1 - A"

IT Aa is tho area of mineral contact, An the area
of air contact, Aw tho area of water contact then

« c*An 4 Pn_.Aa * U.Aw ¢ R» * A»

S

-hero oA » Fr, Pa.An « Fr_and U.AW * Fw,

By dividing through by the area of cross section

"dd» tho above equation is reduced to on© i1nvolving
equivalent stresses

othmi * BoeUp ¢ UiQj, t H - A . . , # {



the forx@ where contact nineral to minoral
the force whore contact air to mineral,
the force whore contact water to water.
electrical repulsion,

electrical attraction,

Average internartiole conditions In a ggrglg
saturated soil mass

wamoe defines a ad® the combined normal stress
acting on the soil, then 1f »dd* la the cross
sectional area of an element of soil the following
equation involving forces can be written

IT Aa 1s the area ol mineral contact, An the
of air contact, AN the area of water contact then

By dividing through by the area of o
"dd* the above equation iIs reduced to ono
equivalent stresses

ANl _rsiffh T mir WK e s g



U and possibly Pa oen

An exnninntion of this equot”™on with rospeot to
Lrunbe’n nodel shows that U iIs the pressure in the porn
water, u¥ Is n statistical factor relating areas of
v/nter to the total area of cross section and o 1s the
applied stress* Equation (3.13) is therefore i<'eitiocal

to aquation (3*2) with o * o¢* and « 0,



3.9 The definition of poro pressure

A study of the work described in this chapter
reveals two approaches to the definition of pore pressure
The one school represented by Airtohisort and Jennings
considered per"- pressure an a stress (equivalent or
otherwise) acting over tho whole area of any cross
ooctior. through the soil. The otl rr school* that of

Bishop and Croncy, oonoider pore pressure as referring

to the pressure ir. thu poro fluid, either ailr or water.

In a written discussion to c recent eonfrrence on
Pore Pressure and Suction iIn soils Aitchiton and Bishop
attempted to reconcile the two approO by proposing
the following definltiono

Pore Pressure : Tho torn u should only be used to

define the pore-fluid pressure iIn saturated coils, The
tern should not be applied to non-sntur©ted soils.
Pore-water Pryssure : In non-saturnted soils ttee

pressure in the liquid phaou cf th*" pore fluid should

bo denoted by uw.

Pore-air proenure : In non-saturatcd coils the
pressure iIn the gnsoouo phase of the >ore fluid should

bt denoted by tho torr. u\,,

The definition of pcre pressure given above 1Is not

very satisfactory when it In considered Sn relation to

effective stress* ,

The foundation engineor In prirarily concerned
with the prediction of soil behaviour, As wan
nentioned iIn the introduction 1O this thesis the
principlo of offootivo atrocs has proved invaluable
to the understanding of saturated soil behaviour*
The extension of tho principle to nartly saturated
oollb 1s obviously of the greatest iInportanoo but in
SO doing consistency between the two cases should be

maintained as far as posaiblo.



The effective stress iIn a soil has always been
considered as being made up of two components* One
component results from the total normal pressures
acting on the soil and tho other component results
from preoauroq exerted by the fluids existing within
tho pores of the soil*, In fully saturated soils the
component of effective stress resulting from the
pressure of the fluid within the pores has been oalled

the pore pressure.

In unaaturnted soils the pores of the soil are
filled with two fluids: air and water* The pressure
in tho ail® 1s often very different from the pressure
in tho water. Efforts to evaluate the contribution of
ithesj prcusuTtfu to Lho .ffactive stress ha3 resulted
In the numerous effective stress equations described
in thigy chapter* In order to remain consistent with
th«. traditional concept of effootivo strews It seems
logical that the component of effective stress
resulting from the pressures in the pore fTluids
should be oalled the pore pressure,

By using the torn *poro proosure” in the way
suggested above tho engineer can treat effective
stresses In soils which change from unoaturated to
saturated conditions and vice versa without having

alter terminology, Tt iIs conceivable that at SOMEe
future time tho contribution made to the effeotivO
ntrcaa i1n a portly m._turated soil by the pressures
exerted by the fluidn in tho pores will bo capable
of direct measurement* In fact on approximate method
for doing this i1s outlined In a Inter section* If
Airtobiecn*o end Bishop*a definition 10 accepted n now
term must bo found for defining thin quantity* IT
however, pore pressure iIn considered as a component
of effective stress no difficulty will arise*

In order to .faollitr.to tho us© of effective
fltreases 1In both saturated and partly saturated soils
It 10 auggected that tho definition of pore pressure

should be t
Tore prossure is that oopponent of TfeciiVe
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stress 1In a soil which is derived fram pressures

exerted by tho fluids within the pores of the soil ad
?sdenoted by u. 1T the pore pressure la negative with
regpat™  ataospherio preasure 1t any ha written a#  1*1

The above definition together with the definitions
T poro-"eter pr-cssuro and poro™ir pressure ai given
I AitOhioon and Bishop will be uacd in thin thosisi
however th< symbols §3 and ... are preferred to the
fiymbols % , and i% uood by »itehiaon and BIShOp* The
iI-rs ’prei sure deficiency” will i1ll bo retained and
ah squal to the difference bei en the pore-ailr pressure
-..d the paro-watcr presrure*

1.C. pP* 3 Fi- Pw

~<10 Tio tetiidtion ft tBr e fitn.al3
yartly saturated aor j

The rocent conferenao ca v re Pressure end St
in = i1le brought together noet of tho various agpproachee
v offeotiw atr«sa discussed In this depter It can -
be neon thnt a substantial noenure T agreement exists
betiween {re various expressions defining effective
ftrure In partly saturated wile although the notation.
uwwd to express tho various prftracatur™ vary greatly* In

er tt Introcuce ecle r.ceourt of consistency AichimwOn
au Bishop {1990) proponed that the effective stiCaa In
partly saturated soil should be defined by the

equation r =
«" « © v T{wmUa) - ua

This equation con be rc-written using the
“'otntion adopted iIn this thesis as THR

* « o0 vXx (bw-Pn) = pa

M
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The pore probsure 10 given by

“u = u= x (PvrPr.) - Pn

find if thr ™re-water pressure is measured with respect
to p2A the above expression booomes einply
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TRESS r*RINCIPLE IN PARTLY SATURATED SOILS

4.1 Introduction

In Chapter 11l some of the better known work on
partly saturated soils was discussed. The conclusion®
reached was that the effective stress In a partly
saturated noil can be givsn by the equation

o + x (Pvr-Pe)-Pa

Which reduces to

iIT the pore-water pressure and total otrens are measured
with respect to pQ.

At thin stage i1t IS necessary to examine what 1Is
meant by the principle of effective stress when applied
to a partly saturated noil. In chapter 1 the two most
obvious 1mplications of the principle of effective
stress for saturated soils were shown to be

(1) That volume changes and deformations in a
soil defend only on the effective stress.

(i1) That the shear strength of a goil depends
only on the effective stress on the plane of shearing

The effective stress In a partly saturated soil
Is defined 1In equation (4.2) as the sum of the applied
stress o and the pore pressure u * XpM, In order to
remain consistent with the fully saturated case the
principle of effective stress for a partly saturated
soil implies that the volume change and shearing



charncterifiti.cn of the noil are dependent purely on the
effective stress as defined above, 1.e. no matter how a
o and x »PM vary i1t is their sum which determines the
soil behaviour. An was described iIn chapter I the two
implications set out above have been verified
experimentally for normally consolidated and over
consolidated saturated soils. The question arises as

to whether they can be assumed valid In partly saturated

soils.

Artchiaon and Donald (1956) assumed that the
principle of effective stress was valid for a partly
saturated soil when they suggested that the shear
strength and the void ratio could be used as a measure
of the effective stress. Jennings (1960) also assumed
its validity when he outlined methods for measuring p
Croney et nl (1958) stated that o7’ In equation (4*2)
was an equivalent stress which determines both the
volume and the shear strength of n partly saturated

soil. Bishoc (1960) wrote *

There appears to bo no reason why the principle
of effective stress should not be equally valid for
negative poro pressures or suctions.*

Skempton (1960) defined o07” as the stress
controlling changes in volume and shear 1n a soil and
stated that 1t was reasonable to presume that for
partially saturated soils the effective stress could

be given by equation (4,1).



Bishop and Donald (1961) carried out triaxial
shear tecta on a silt In order to check the validity of
equation (4.1), In these tests the cell pressure, the
pore-w"tor preaoure and the pore-air pressure could be
varied, and measured, independently* In figure 4.0 1is
shown Bishop’s and Donald’s results of a drained test
in which , pa and pw woro all varied during shear in
such a way that ( Jy-pa) and (p™-Pw) were kept constant.
It can be seen that the shear strength is unaffected by
these changes. Bishop and Donald deduced from this
that the general form of equation (4.1) is correct*

The above test cannot be interpreted as proving
the validity of the principle of effective stress in
partly saturated soils* In section 3.6(vi) It was

shown that (¢ 3-pa) is the resultant confining pressure

acting on the sample and that (pa-Pw) 1a tfti pressure

The tests performed by Bishop and Donald

deficiency pM, _
show that p'" i1a i1ndependent of the absolute Value nf @qﬂﬁg L
alr pressure and that the confining pressure depends OF .|

only on <3 and pa.

In order to show that the principle of effectﬂﬁe
btrees i3 valid it is necessary to show that the soil
behaviour is unaffected by ohangee in (0 3-ya) and o

X (wW*Pa) such that their sum (* 0*) 1s constant. Such
a test would be very difficult to perform since it weald

require a knowledge of x which, at present, can only
be measured using methods which tacitly assume ihe
validity of tho offootive stresn principle.

In view of the difficulty just mentioned it 1is
not possible to teat tho validity of the principle of
effectivo stress in unanturated soils rigorously* o -
However there is a limited amount of experimental data
available which can be used to assess, iIn a preliminary
fashion, the validity of the prinoiplo* Some of this
data will be -"nalyaed in this chapter*
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4.2 An examination of experimental data obtained
by Airtchiaon

Artohinon nird Donald (1956) performed nome shear
«m,1 consolidation tests on a limited range of
nnsaturated noils. Those teats were described iIn the
previous chapter. They found th..t in the case of
incompressible sands the principle of effective stress
iIs quite valid. Simil rly, for very compressible
clays they were able to show that the principle is valid
over the rag-.- af pressure deficiency pFO to pF5.

As was mentioned previously the sand used In the
tests was of very uniform grain size and hence tended to
trite ur p very stable pack. In practice Buch uniformity
iIs only likely to be found in fairly coarse granular
materials. Tn such cases the effective stresses
resulting from pressure deficiencies nre negligible by
comparison with externally applied loads. In granular
soils in which the grains are very much smaller the
effects of grain size gradation are more pronounced
and the material 1is usually fairly compressible. Such
soils nre of interest to the engineer as they are very
common and the odrnOftcnt of effective stross due to p*
can become quite large. These soils have not been treated
by Artchiaon and Donald and since they are compressible
their geometric methods cannot be used* these soils
fall In the range between silty onnd and a olayey silt,
1.e. te major proportion of soils likely to be
encountered by the engineer.

The days used by Aitohison and Donald were very
compr”osiblo and all of them had very high -2p
fractions (65#»B50* Such noils are encountered by
the engineer but not often. It is apparent that
Aitchiaon"n and Donald’s conclusions regarding the validity
of the principle of effective stress iIn unaaturated
soils arc based on tents which covered a very limited

range of practical soils.

Artchiaon and Donald performed one test on a

silty sand. They found that the material Wes fairly
Hsh Y



compressible when subjected to applied loads but very
incompressible when subjected to pressure deficiencies#

There arc only two conclusions that enn be drawn

from such a result ;

(1) The effective stress resulting from an
increase of pressure deficiency remaino approximately
constant once the soil has bocomG unsaturated. Such a
result i1s quite possible In a uniform coarse granular
material but in most unlikely In a well graded silty

sand.

(i1) Stress application due to an iIncrease 1In
applied pressure results iIn structural changes which
differ from those due to nn Increase 1In pressure
deficiency This conclusion 1s iIn conflict with the
principle of effective stress which i1rolits that the
behaviour of the soil i1s independent of whether
effective stresses result fro© applied loads or pressure

deficiencies.

4.3 The phenomenon of collanoe of structure on

The phenomenon of collapsing sands has recently
received a great deal of i1tt“ntion 1In South Africa
(Jennings and Knight (1957) ). The problem is one OF
rapid ohnnge of volume of c loaded soil when wetted.
TMb behaviour will be considered in relation to the
principle of effective stress.

An element of coil in its natural condition IS
acted on by a vertic preosur® aon due to the weight
of Coil above it and i pore pressure ttonr> Which

results from n pressure deficiency p8n« The effective

stress in the soil in its natural condition IS therefore

given by

| ]
rjHe _R



The Vvoid ratio corrcspoj aing to tnin effective
otrcaa 1s oon md “he soil iIn i1to natural condition may
be r-prenonted by point A on a Vvoid ratio: log effective

stress plot (h e fig* 4*1%)

ion K
|
/
n /
% |
i i—- —-Ildin Ok ask
" w
o' f
Figc 4.1

Relationship between void ratio and effective
pressure iIn a collapsing soil.

A presmj e increment Ac > resulting from a surface
load, 1s ov,* applied to the soil* The new effective

stress 1Is

°ln m "on* Un*PlIn+*°

where x and p” hrve tanged a small amount

because of the change of applied pressure Ac . The
void r~tio corresponding to this new effective stress

IS and the soil may now bo represented by point B

in figure 4.1*

IT the noil is saturated under the now condition
of applied load *in.pjn will become zero, sine®© a
——e 1 and p”— * 0 at saturation. The effective

stre sg therefore becomes

atn - Oon ¢ Ao



IT the noil were to boi.ove In accordance with
rinoiplo of effective otreoa i1t would he expected
mm-hound along a curve PC after maturation had
- rend. This is beonuee n reduction iIn effective

- IS nGcoeiotf d with an HIncrease iIn volume.
<V V 1t h-r en oboervod that, far from expending,
Al ar* 1orgoos a large reduction in

<. "of swelling along a curve BC it
llapnea= it C*, Such behaviour is not

.stent with & principle of effective ctre&a since
voluaio changes due to reduction iIn negative pore
mare ora very different from those resulting from
muivnlent reduction i1n applied pressure.

A method of testing the validity of the principle

of effective otr.33« by means of the double
"-_odoneter teat.

The phenomenon of heave can be attributed to the
moisture by on initially unsaturated clay. In
mJennings and Knight put forward a modified
13 "ntion theory v;hor:’y the prediction of total
can be made using the “double oodometer test**
me0ot consists of running concurrently two
lidometer tests on samples of the same soil#
manple i1s test*-4 at Its natural moisture content
the other sample i1s tested iIn a soaked condition.
Jho toot was proposed a large amount of
«smental data has boon collected. This data takes
m of natural moisture content and soaked void
applied pressure ourves for numerous partly
-Jod soils. A soecion dealing with the validity
m effective stress principle iIn partly saturated

would hardly be complete without at least a brief
of such a valuable source.

7, figure 4.2 are shown some typical e: log p
e obtained from r double oedometer test ON an
naive soil. In general tho initial void ratios
fhe two samples arc not the same. This is due 1o
<! tions in the natural soil and difficulties ill
m, ’king the initial void ratios accurately*
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Jennings and Knight have Caiij.rmod observations by
T-ylor and others that despite these initial

variations adjacent noil samples tested under identical
conditions give curves which, though displaced, arc of
the sane form, 1,<. 1f the curves arc transferred so
that th.ir initial void ratios coincide they are then
approximately coincident.

Typical double pedometer curves for
an expanses J3&&l -

Classical consolidation practice has shom that a
preconsolidated soil will returr to a virgin CoOmpression
curve, which ia tnique for tliat soil, when the effeo™1ve
stresses tre re-op:>lied. Jennings and Knight found
that, in spite of using the mean of the void ratios of
the two samples as the origin, the curves frequently
do not coincide over the straight line portion. This
has been attributed to local variations in initial
moisture contents affecting the swell of tho saturated
sample. The curves are therefore adjusted to bring the
straight lino portions coincident. Undoubtedly local
variations iIn the initial moisture content will IMve
some Influence on the relativu positions of the ot
curves. However it is also felt that the phenomenon
might be attributed to n change of soil Structure
resulting from tho saturation of the soil. This

effect would be similar to the collapse phenomenon
encountered in collapsing sands but any tendency to



collapse would bo offset by the expansive characteristics
of the soil.

Consider the problem in relation to effective
pressures . An titmerit of soil In i1ts natural state
having a void ratio uQn and acted on by an applied
\erticul pressure "ol and a pore pressure uon may
represented by point A on the void ratio * log pres
plot in figure 4.3. (Point A in not necessarily on
virgin compression curve).

the instar,t of sampling the soil will rebound*

change 1In moisture content, to a point B which is

point A. The new void ratio i1a eoa. Since

led stress i1s zero the effective stress
corresponding to this void ratio is equal 1O a new pore
rreBsur"—* WP, Th; position of point F cocnnot be found
lirecti/ because the magnitude cf ur is not know™ IT,
however, applied otresces arc considered Instead of
effective stresses the soil may be represented by point

IT a sample of the soil i1s tested at natural
moisture content i1In thj oedometor i1t will consolidate
along * curve BC where C lies on a straight line ¥8:L ]
At point C the pore-water oressure 1iIs probably aero said
compression beyono C involves expulsion of water* |If
the process iIn considered iIn terms of applied stress

curve BC i1s stretched out to give curve 3°G*

A sample of the soma aoJdl is now subjected to an
oedometer test under nonkod conditions* On soaking
under ~ very small applied load the soil will reboupd
along curve BB to P. Tula curve is assumed to be in
terns of effective stress end la unknown because of
the indeterminate effacf*ve stronu condition represanted
by point B* In terms of applied stresses the sare
rebound takes place along thu line B1ly* The Same final
point D i1s reached iIn both oaBos. If the soil Obey#
the effective atronn principle re-nppliof.tion of oe
offactive stress by means of applied pressures will

bring tho sample back to a point E on the straight
> F A - SSHr

v o ~wigh






line YZ. If, however, application of the effective
otresr, Yy means of applied londa only, causes changes
In ctructui*e which are different from those i1nduced by
a combination of applied pressure and norc pressure the
s-nple will consolidate along a line CK* to join up
with a saturated virgin compression curve Y*"Z” which is
displaced from YZ. At points K ~nd fi» the void ratios
and structures of the two samples might very well be
identical but the changes iIn stress necessary to bring
this about will bo different depending on the mechanism
of stress .application.

The displacement between lines YZ and YfZ* will
**ne some measure of the validity of the effective stress
nrinoiiile no applied to the soil when i1t changes fro®
natural moisture content to saturation. By examining a
number of curves it should be possible to arrive at
eomr conclusion regarding the trend of curve HE in
relation to curve B°G* If the effective stress
principle 1s valid it can be expected that the CiSPVe
Y,Z” will, in general, b* close to YE* Slight variations
in initial water contents mi“ht cause th® two curves to
bo displaced a small amcuj.t. However, the effect will
be random and over a number of samples will tend to

cancel out, 1.0. Y~Z” will tend to take up random t
positions a small distance on either side of YZ« I1£» Coq
however, saturation of tie soil results In behaviour 'y
which 1s not iIn aooordar.ee with the effective stress L
principle Y*Z* will be displaced from YZ in A " Vv
reasonably consistent manner* ﬁi I
w1 pre
4.5 The analysis of some double Pedometer results. | %:
eI
A number of double pedometer results, obtain%qtg¥¥'° .

Free State clay from throe different sites, Welre
analysed with the natural moisture content and Soaked
curves adjusted so that the i1nitial void ratios Were
equal. For eaeh set of curves the displacement OF
Y*Z! below YZ was measured in terms of ohange in void
ratio* In table 4.1 the displacement between Y*Z* end
Y2 at various depths is given for the three profiles#
A positive Jisplncont. nt indicates that YZ lies above
Y»Z>». e 0



Table 4,1

The dinpiracement botween natural moisture
content and soaked 1virgin* consolidometer

c\>rwo ot various depths

Vereoniginp Coalbrook Odendaalsrust

Perth AB fY pepth 7c  SrE Depth Ae 8

S -0.061 76 3* _0.115 79 6> -G.068 63
e 0.00C g3 g 0,000 75 77 -0.040 65
10~ -0.06: g9  12* 0.000 97 111 -0.032 89
12 -0,020 14 14* 0,000 96 16 -0.030 66
15° 0.oon 18 21* -0.035 93
11~ 0.000 101 327 -0.045 r?

It cKn be seen that In all except one case
(Voreenigir.g - 12° Y"Z" lira below or coincident with
YZ, In general thin displacement is more significant
at shallow depths and low degrees of saturation.

In figures 4.4 to 4. 6 are shown some typical
double oedor.eter curves which were used In the above
analysis, it can be observed that the natural moisture
content curves for samples near the surface are initially
flat and then bend down fairly sharply O join the
straight lino YE. Lower down the profile, honever# the
initial slopes of the natural moisture content curves
are quite steep and the curvatures arc much less pro-
nounced, This indicates that the soil near the surfaclej.
has been heavily precomprosned while at greater depths
this procompression in much loss. Obviously the
prooempression has not resulted from a previously
existing ovarburdon pressure as the lower layers are
unaffected. The only other alternative Is that the
procompression resulted from high pressure defiedeh$U*
near tho surface. It is over this range that the Ji

principle of effective stress appears to ke IN&ll, "
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