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SUMMARY
presented.

The effect of stress-path on tha stress-strain-volume change relstionships of o river snad is
It is shown that these relationships are very much a function of stress-pathe. Modulus values

are avaluated for different stress-paths and relationships betwesn stress-paths and modulus valuss are

sstablished. A procedure for using these

elament method is indicated.

1 INTRODUCT ION

The currant intaegreted snslysss of movamants anrl

fFailure in soil masses u9inn Finits alement method
incorporate in them stress-strain volume channe re—
lationshipe of s0il. Ths reaults obtainad frem
such anslyses are as railistic ss the s0il paramet-
ats used in the analyses, The strass-strain behay—
iour of so0iis i8 a complax function of many factors
such as soll type, strogturs, confining prassyre,
stress—history, drainaie conditinn, atress-path ate.
{Lambe and Jnitman,1969; Dungan and Chanjy, 1970; )
Yudhbir and Yaraderajan, 1975; Lade and ﬁuncah:19§5,
1976). Considerable research work is nou directed
towards developing analytical models For describing
the soll behaviour {(Desai, ¥977). Reesarch work is
in progress at IIT Delhi in developing an analyti-
cal model for granular svila. This paper deals
with ana of the major Factors influancing the Stre-
sg-strain volume change behavicur of soils, viz.
stress-pothe Fxparimental resylts For a loeal
river sand are presented and discussed. Evaluation
of parematers based on theory of alasticity for di-
fforent stre2s paths is indicated. A procedure for
using thesa parameters in the analyses of field pro-
blems is alsn dealt with in the paper.

? TFSTING PHROGRAMME

Two tast seriss were carcied out using stan Iacd

triaxinl testing aquipmant. In tha ficrst seriaes ths

samples ware consnlidsted lsotropically and shaarad

to Fatlure using standsrd triaxial compresion tests,

Three consplidation stresses g=, 1.05, 2.11 and
Zem? ¢

3416 kg/em® were used.

In twa second serias, the samplas ware anisotropic-
ally consolidated with = stress ratio X=.47 tno
approximate the insitu state of stress condition.
The samples wara Lhan shepared using nix atrens-
patha (Figura 1), (i) vertical atvena, 67 nonatant
nni lateral stresas, 63 incraasing (11) .51 and
G% inereasing such that &3/ 67 = 9.42  (111) 63
ennstant and &7 tnereasing (iv) 63 ecressing &7
conatant (vj &9 and G5 decreazing such that

G3/ 67 = 0.42 and {vi) 673 constant and Gy da~
cressings The stress-levels p. = ( 67 +63) /2,
1.97, 3,94 and 5.91 kg/cm? were adppted.

2.1 S0il Usad

Jamuna river sand was usad for exprrimental invest-
inatiens. River Zamuna is located near Dalhi and
is a major tributory to the Pamous river hanga in

.

relationsnips in the analyses of field problems using finite
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Fiqura 1 Strras—paths used For the tests in G5 67
and p-a plots
tha northarn region of Indian subcontinent. The

sandiwas of uniform 8iza with ninety par cant of the
s0il having qrain sizes batween 0.1 mm and 0.4 mm.
The sand containad mica flakes anduas grey in colo-
ur. The spacific grrvity of sand matnrrial was 7.66.
A sinnle batch af sand was ysed For all the tests.

2.2 Txperimanlal Procadure

Standard triasxial comprassion testinn aquipmuant was
used fFor all the tasts. Y.B1 cm diametar and 7.62cm
long ecylindrical samplas wars usad. Tha samples
were prepared under saturated condition (Bishop and
Henkal, 1957}. A uniform procadure of tamping the
mould was usad to achiave the same density of the
samples. Cell pressure was applisd by the self com-
pensating mercury pot system and the vertical load-
ing was epplied through the luading frame—proving
ring systam. Ffor tests with G3 constant, strain
controllad loading was applied. For other stress—
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path tests cell pressurs and the vertical loading
ware applimd by manual control in small increments.
The loading to be applisd was astimated at ayery
ineremant after using appropriate aree correction
for the sample. For spandy caleulations during ex—
periment a standard programms was used with the

aid of a 200 step programmable calculator. Verticael
displacement and voelume change readings were noted
after steady condition was reachad For each incra-
ment of loading. Smallear incremsnts of loading
wers used a3 failure was reached. The vartical
displacements and voluma changes wars maasured to
the asccuracy of 0.000254 cm and 0.0% cc respective-
Ly .

3 EXPTRIMENTAL RESULTS
31 Consolidetion and flabound

Figure 2 shows consnlidation and rabound curves Por
isotropic and anisotropic stress conditjons, Both
the curves show similar behaviour. Upry emall
amount of particle crushing was observed at higher
preasure levels and this appears ta haye also con-
tributed for ths curvature of loading curves  at
those pressure lavels. The rebound ocurves for the
two straess conditions show that the irrecoverable
volumetric strain is more in the casa of isotropic
unloading condition.

3«2 Stress-Strain-Volume Change Ralationships

3241 Isotropically consolidatad aamplrs

“igure 3 shows stress-stroin-volume-changa. relation
ship of  §3 constent stress~pakh test. All  the
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Figure 2 Isotropic and anisotropic loading and
rabound curves
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Figure 3 Stress-sirain-volume change relation—-
shipa of standard trisxial compression
test { 63 constant ).

tests indicate increasse in vartical Feilure
strain with higrer consolidation pressures. Yolume
expansion is notad for all the tests near Falilura
state.

3.2.2 Anisotropically consolidated samples

Figure l1a shows the stress-paths used in 53 - 6

streas-apace. Tha strass-paths are des ignated 1]
ASPN, ASPEO.H, ASP9O, ASP180, ASP249.8 and ASP270,
the numbers indicating the angles with respset to
horizontal in the counter clockwise direction. ASP
indicatas anisotropically consolidatad gamples.

In Figures 4 and 5 ere shown the stress-strain
valume-changs relationsnips fur ASPS0 and ASP180
tests. These tests were carried out till Failure
was reached. In both the cases higher verticsl Fai-
lure strains are observed for higher pre-shear

stress lovel (= &7 + &3

2

Yolume compression is observed only im the initial
rangs of loading in ASPI0 test and Ln the higher
loading range volume expansion is noted whersas in
ASP18D test volume expansion is noted from the very
baglnning of the test. Figures 6 and 7 show stress
strain~volume-change relaticnships for ASPE0.8 and
ASP249.8 tests. These are lozding and unloading
tasts along the K-line. The relationships  are
almust linsar. AS expected ASPSY.8 shows compres-

2.
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Pe= 5.91 kg/cm:2

O = 2.1 kg/cm2
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Fiqure 4 Strasg-strain-volume changa relationships iiqure § Strass-strain-voluyms changn ralation-
of ASPI0 and [5PYD tasts ahips of ASPIA0 testks

0.0

~re & S{ress-strainwevolume thange relaticnships Figure 7 Stress-strain~volume change relationships
of AS5PA0.8 tests of ASPZ240,8 tmats
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1

Stress-Strain-Volume changms relationships
of ASPO tasts

L3

Figure B8

gjon and ASP249.8 indicates asxpansion. Stresg-
strain-yolume change relationships for ASPQ are
shown in Figure 8. 1In these tests shear stress was
decreased up to zero value only {dus to limitations
of standard triaxial cell). In the initial stagas
of loading smell incrasse in vaertical strains and
for subsequent loading reduction in vertical strei-
n2 are observed. During all stage® of loading tas-
ts show volumetric compresajon.

Figure 9 shows stress-strain relationships For ASP
270. Negative verticsl strain is indicated all
through the test. For all the stress ranges negli-
gible voluma expansion is chserved (not shown in
Figura).

A comparative strass—strain-volume change relation-
ships for all the strass-paths are presented in
Figure 10 st pg = 3.94 kg/em?. For ASPD, ASP270
and A5P249.8 tests, tha shear stresa is decreased
and for ASP180, ASPYQ and ASPE9.8 the shaar stress
is inereassd. UWharass for the straese-paths ASPG,
ASP270 and ASP249.8 vartical strains are negative,
for the stresa-pstha ASP180, ASP270 the vertical
streinn ara poaitive.

Tho ASPD and ASPES.8 voluma cuntraction is noted

wharess For ASPB0 and ASH249.8 volume expanaion is

obsarveds For ASP30 volume contraction i3 natad

at initial loading ranges and volume axpansion is

indicated at higher loading range. Negligible vol-
ume changr is oberrved for ASP270.

In Figure 4 are alse shown the portions of atresa—
strain~volume change rolationships of standard tri-
axial compression tests in addition to those of
anisotropicsally consolidated samples. Though the
stress conditions before shearing (with @3 const-
ant) are sams for both cases the relatjonships ara
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markadly differsant.
4 STRENGTH ENYELOPE

Tha Mohr-Coulomb envelope obtained from the tast
results show slight curvature For high stress lavae-
ls. The angle of ahearing resistance at lower str-
ass range is 427 and it is 29% at higher stress
rangge.

5 FLASTIC STRF53.5TRAIN PARAMTTERS

To study the affect atresa-path on bLhe strrgge
atraineyolume chinnge rolatjonahins the Younq's wmod—
uli, E and Poisson‘'s ratios, ¥, ware calculataed
using the atress-probe level (m = 0.2) following
Lrwin and Burland{1970) as

Vo' vo7 vy ()

7 7 7 .
acs = 0-2 &7, =\/A(_',‘:I +A6’£ +A65 L2

1t

P

AS7 rAd Aoy valuyes ware caloulated For this stress-
laval and corresponding valuss of straina zxe% and

DNEy valuns for mach strass-path warg obtalned

from the sxperimental resuylks and these F  and 3
valurs wnre obtainmd using theory of elasticity
{Lambe ang Whitman, 1969) as Follows

(A G + 2A03)(AC]) - A07) (3)
F = 3
Ay { Ae1 - 2&63)+au; Ag,

& -
and v . AB3 AEL ™ AEs AT (a)

a6 (A€, - 2AE,)+AG AL,

where,
AOT and Aoy = changs in op and &3

61 and 6.3 = gorresponding change in vertical
and lataral strains.

The affect of consolidation pressure an valuns
was expreasad using Janbu’s (1963) relationships

Oy
E = ¥ -
\ pg (7 {s)
a
whetrh,
k = wmodulus numbar
n = rxponent determining rata of variation of £
with o"m
p e 8tmosSpheric presiure axprassad in the same unit
8 as £ and n
o ZCFS
n 3
Ei= imitial tangent modulus

Witnin the stress ranges gonsiderted, it was obg$er-
ved that K, n vs o relationships were bilinear.

X and n relatjionahips for the two strass ranges are
presentad in Table 1. It may be obsrrued that tne
¥ yalue which is also egual to F velue at5;51 kg/
cm® is very much a function of stress path. et
wean tha minimum and maximum value of K the ratic
is in the order of about 10. The Paisson's ratio
shows a wide veriation for differant strass-—paths
(not shown in the Table}. Thus, the E and yaluss
arm a function of stress level and stress-path. In
analysing field problems it is, therefore,necessary
to use appropriate modulus values.
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Tanlie t

1.56-5.08 kn/em?  3.0B=4.62 kolen?

Streas- m
path S n K n
ASPD 681 0.387 1554 -0.315
ASPEY .8 542  0.64 1167 -0.81
ASP3Q 92 1] B7.2 1.62
ASETEL 84 (.92 154.3 ~0).27
A5P249.8 1156 .65 2677 —1.33
ASP27T0 2023 1.05 B437  ~1.21
600

500+

4001 o

05, =3:08-4-62kg/cm?2
O = 156 -3-08 kg /cm?

>

Tinure 11 K - 8 ralationship

& HSE OF FLASTIC PRRAMFTFAS

KX oard 0 oyg

stras3-paths axpressed quantitatively
as 8

in gq "573 stress 3pace are shown in Figu-

res 11 and 12. From these figures, equations can
be developaed betwern K and n and 8 values.Valusa
of ¥ and n can be convenlently obteined from
the Figures or aequations.

"For realistic analysis of Fleld problems with fFini-

te alament method at higher factors of safaty, the
modulus values gvaluated by this procadure may [+1-]
advantagaously used. To start with the analyses of
any fileld problem may be carried out using K and n
values of B stresswpath which 18 raepresentative for
the tield problem {(for axample, For tha footing

problem CT% constant stress path is the eepresen—

tative ona). The stress paths For mach  alament

may be avaluated in tarms of 0 Ffrom the Stresses



. very mich a function of stress-path. Stressw

paths can be quantified and the relationships so
2.0~ ' astablished. This relationships may be used For
the realistic analysaes of Field problems using
Finite slement method.
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