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Behavior of Fine:G~’ained Soils

tendency exceeds the tendency to consoli-
date as a result of positive pore pressures
induced by the shearing stresses, the water
content of the clay may eventually increase
and the shear strength correspondingly!
decrease. These conditions are n0~..!ikely to’
occur beneath ~xcavations one of it%~ stories
deep in normally loaded or-slightly over-
consolidated clays: If they do, however, the
shear strengths derived from Q-tests no
longer err on the side of safety.

The � = 0 concept and the use of Q-tests
would also be valid for overconsolidated
clays if in the field no. opportunity existed
for change in water-content. However, the
strong, negative pore pressures associated
with high overconsolidati0n ratios create a
tendency for the soil to swell, wheretipon
the.strength is reduced. Thus, in most prac-
tical problems the ~ = 0-concept for an
overconsolidated clay leads tO restdts on
the unsafe side. Hence, except f0rovercon-
solidation ratios as i’ow as possibly 2-t64~~

the � = 0 concept should not be used for
preloaded clays.

Many stiff saturated clays contain net-
works of hair cracks or slickensides. The
shearing strength of deposits of this kind
depends on the influence of such defects.
Triaxial Q-tests on large specimens that in-
elude a representative+p~umber of defects
have in some instances been found usef~l
in determining ,the s!~aring strength of. the
mass. The cell pres~ttre is Usually taken ~s
the overburdert pi~essure on the sample as it
existed in the ground. More r$1iable data
can be obtained by means of large-scale
loading tests or test excavations in the field.

c/p Rati6: The � = 0 concept leads tO
ful corollary.+ Agcording to eq. 4:5. th~
strengths of r~rr~ally :consolidated sakflpl~s
are defined by tl~e rupture line

An effective-stress,rupture’cirelefor one of a
series of undrained tests is shown in Fig.
4.10a. The cell pressure under which’:.M.l-
samples in the series were consotidated.Ss~.~
The .value of s corresponding to thee =
concept is the radius c of the circle.It is

120

F~OURt~ &10. (a)+Rupture diagram illustraHng"
constancy Of ratio c/p~ ’£or-~norrnatly, loaded

. s.amples oL¢l~y co~solidated,:under different, cell,
pressure.s (~):Re.tation between ratio c[_l~, and~
plasticity index.

parent that, ior samples a a:~iVe~l materlal

consolidated underdifferent co~fi~ng pres:
sures, the ratio~//3~iS

In a natural deposit of normally loaded

d~ffer in ~0Hzontal aridVerfi~afdirecdbns.
This cohdi~ion, introduces~ a complicafi0h
into the interpretation, but it has neverthe-
leSS been f0un~ ~tha~~’a Constant ~afio ~e~i~
~twee~ va!ues~ of ~ determined by Q2tes~s
~hd ~ e~ective~ve~dcai 0~erbh~de~
sure on horizontal planes, Thin ratm m des-
ignate& as ~/~, or, for short, as
r~l:W ~d~herm0r~,*
tidal i¢tffd~n ha~ been. round b~tween~c./~.~
and ~he: bias~city index~forn6r~i~ ]~d~
s+dim+nta+,clays (Skempton, I~8;

shown in ~ig~ lOb It ma~ ~. a~ro~;.
~atedb~ the equation ~ ~ " " " ~ ,,

.~ = OAO+ 0.~4I~

where /p"ris" expressed in per cent.

TJ FA 419
PAGE 008



94 4/Stress.Deformation-Strength Characteristics of Soil and Rock

This relation is useful in at least two ways.
If a deposit is known to be normally loaded,
values of c for the various layers in the des
posit can be estimated roughly on the basis
of the Atterberg-limit tests on disturbed
samples. On the other hand, if values of c
and Ip have been determined by test, the
relation can be used to judge whether the
deposit is preloaded and, in a qualitative
way, what the degree of overconsolidation
may be.

4.9. Shearing Resistance of Unsatu-
rated Soils

The relations between effective normal
stress and shear strength for unsaturated
materials are not significantly different
from those for saturated soils. However,
evaluation of the shear strength on the basis
of these relations requires a knowledge of
the pore pressure not only in the water con-
tained in~the~voids but also in the air that
occupies ~the remainder of the voids:.:The
pore-air pressure and the porewater pres-
sure may have quite different values on
account of the surface tension at the air-
water interfaces. Because of the difficulties
in evaluating these pre_ssures-, itis .mirrent
practiee"to-irivestigate the strength of partly
saturated soil’s by means of trihxial tests in
which only total stresses are measured .and
in which ’th~ laboratory test conditions
made to’ dupiieatb,t-as clOSely as p0ss{bi~,’

those anticipated in the field. In many’ in-
stances Q-tests are appropriate. The water
content of ~ach sample is kgpt constant.
ume changes occur, hevertheless, becau~
of the compression of the air in the voids.

yyl~icai~ results of seyeral s~ries of

on sa~le! o~ hn in0rgafiic Clay ~C~)~ii~
shd~;n ifi ’gig. 4Ai (Casagrande’~nd Hirdi~(
fermi’, °I 960)~’ All garnples were ’cot@acted’t6¯
th~’~arfle dry densit~:: ~he i~isiur~~ li~

~mttal de-
gree 6fisatumtion is"mark~dly ~irg~d: I~6i
in~’~:dd~itigly grehter init/td d~gr~s 6f ~atu~:"

tion, the strengths decrease, Moreover, fora"
giTen initial degree of saturation, increases
in pressure cause:compression of_ the air in
the voids and, in addition, inkrease the
solubility of air in water..C,,~n~s~quen_fly~-the

FIGURE 4.1 1. Results of Q-tests on partially
saturated samples of an inorganic clay compacted
to equal dry densities.

degree of .saturation increases. For those
samples with high initial degrees of satura-
tion, S.t may reach 100 per cent at-a:c.om-
paratively, low pressure, whereupon the
� = 0 conditions are satisfied and the rup-
ture line with respect to total stresses be-
comes horizontal.

A compacted fill is ordinarily placed at a
moisture .content close to the optimum
value; this value corresponds to a partially
saturated condition. The strength at-the

22 24
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