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SYNOPSIE: Oenerally all clays exhibit linear strength envelopes in terms of effective normal ac o
However, Eattl (19 meported bilinear strength snvelopas based on both total and effective mt;:.r-
stroanss for expesnaive solls.

This presents results of conscolidsted drained direct shear tests conducted on Warangal Black
Cotton » ‘The shear strength envelopes obtalned from these tests confirm the bilinearity in the
sense that effective angle of frictlon (§*,) for normal stresses upto swell pressure im worpe than the
corresponding value (§",) beyond swall p:dnm The resscns and implicetions of such a

sre alsc discussed in the papars

S8oll semples ere moulded st three different initisl vold retios of 0.9, 0.8 and 0.7 with & molsture
content of 10X, They have bean subs tly allewad to absorb molsture and dwell freely under a
noninal surcharge load of 0,07 kgt (7 FPa), Thereafter, they have been subjected to oonsclids—
tion under higher normal loads and subsequantly sheared under dreined conditions, Bilinesrity is

kY be more
pronpunced at lower indtial vold ratlo. :tl.llllnnl:i:-ﬂ'ﬂﬂ!nt ﬂ'l:d'-ll'ﬂ- :ti'l incresse with the

1 INTRODUCTION from Touriet Ousst House maéar

ing coll Warsngal at mmffahﬁ':"
EGHE Lol ] L] =] -

Mohr's strength theory predicts that shear been used, The soll hed the Eollowing

strength of sall Ls a function of normal stress. prepertiesi

This functisnal :dnm oeuld in general

ba monllioeas, thewugh ‘s linsar version Ligquid Lisdit (3 a3

is normally used, Terzeghl clarified that Flastic Limit (3 14

sffective stpess and not total stress is lmp- Sheinkage Limit (% 18

1isd in reckoning the normal stress, Thus, Freadwell Index (%) 1312

linear sffective relstionship implies the use Sand (% n

of twe effective shear paramsters ViE,, oobhe- ailt (W Fi]

sien (intercept) and angle of intemal frio- Qay (W 41

tien (slepe of the strength envelopsa).

baan,
for ive ol . Katel (1978) fraction passing 1 mm wes used, Soil wes statl-
r“m“ ﬁaumnu strength cally d_,ﬂtd wlth an indtd moulding m:i
and normal stress which calls for two additic— ture content of 10X to void retics of 0,9, 0.8
nal shear parsmsters, namely the normal stress snd 0.7, The soll was then sllowed te sbsarh
m:r-?mﬂnqhmm of twe stralght moisture under & normal mnu,u?w_’l
1ines “'Jh’ and slope of the second straight {7 ¥pa) and allowel to swell completely for
1ime ﬂ‘:] shich is flatter than the fimst nearly 4 to 5 days. BSubsequently, ths sample
.mwt;m i 5 mu:ﬂLtbm Mtﬂ?mltﬁ!w tnd.lh-n‘jl-ﬂ
L - 4 L] ]
::‘I\H-" rnnvhol End.'l. and attributes the drained conditions in the direct shear t.-:‘,ﬂ*
bilinsarity to the structursl changes teking The consel pressurs wers selgoted £rom

lece in the soll, Hagaraj et al (1980) attri- 0.35 kg to 2,5 kyfoed (this gives s widg
tad the bilinearity to pseudo-aquilibrium range of normal stresses below and shove o'
state of opposite trend existing on sither side valoss) . The wvolumetrio changes during sonsol

nli-ﬂ.mw Fredlund (1987) also lidatisn and shearing = wara measursd. Tha

£ Bl nature for partislly Satufe- rate of shearing wes 0.0L45 mm/min. It may be

t:nu-. mentioned that Fatel (1978} conducted similar
sTupr N WED um AACIanes Sk the SLmLS Tt

1 DFERTMENTAL ane ol L] ol Werae

ssturated st constant velums,
The alm of the pressnt study is e cenfirm the
bilinear naturs of strength eovelepe fer Hlack 3 PRESENTATION AMD DISCUSSION OF TEST RESULTS

Oetton Bell of Warsngal which is of egasive
nature, Representative soll sasple collected The results cbtalned from awelling and consoli-
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dakisn stage ara shown in Flgurs L. The ilnter-
sectlon of pressure-vold ratic curve with the
indtial moulding wold ratlo line gives the

swell ing ure velue obtained by the free-
awEll ll'lggd-.‘
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Pigure 1. Consolidetion curve,

Similarly, swelling pressure valoss sf 0,8
and 1.5 kg, wers obtalned for soll samples

moulded st ilnltisl wvold ratics of 0.9 and 0,7
respact ively,
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Figura 1 gives stress-strain rel
for soll samples tested with an fnitis)
ratlo of 0,7. The shear stresses wecw found te
be lncreasing with the inoressing scisl strain
in a hypaerbolic form (Fondner, 1963). The
arpowa in Figure I indicate the maximum shear
Stress values (i,8., shear strength values),

Effpctive shear 8 e obtained

trength envelop
from samples moulded with indcial void ratis of
0.7 i# shown in Flgure 3, shich shows a discer-
ning trend of bilisnesr relstionship,
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Figurs 3. Effective shear strangth envelops.
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following twe egquatlons:
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where ~' g '
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for o'z o'

The feur effective shear paressgters cbtained
from Flgure 3 are as fol lowsi

ety = 0.06 Wﬁz
1
'y = LadS ka/ca’  and o, =12
It may be obeerved that valus @' is nesrly

twice that of @', @nd the value of nolsal stress
ot responding te polnt of intersectisn o'

. =27

nearly colncides with the swelling pressurell,Skg/ond)

value cbtained from fresswell method, Similar
trend of results were obtained for other mould-

.F,a" ing vold ratise (Table 1}, Thess results sre in
. i 4 05 harem? agresmnt with the findings of Katel (1978,
Ir | kg Tahle 1 Effective shear paranaters
ot Moulding wold ratlo 9.8 0.8 0.7
_.______,,..__..._..1.___1],15;‘ng2 . Il"'
04 e I Coheslon interoept, o) (kg/owd) 0,04 0,05 0,06
o : % First angle of intemmal frotlom,
< . . . . ‘ . . ¥, (degrees) n FE S 1 1
o 1 4 £l & H B 7 ] Hormal stresa bilinesarity
. o b Lkg/om™) 3.8 L.lé 1,45
STRAIN e Second angle of intemnal 17 14 12
frictien "'1 (degreas)

Figure 1. Stress—ftrain relationships.

158



It is seen from the Teble 1 that a8 the
moulding vold ratics increass §', valuesa dec-
rease while @', valuss increass, theraby cedu—
cing thelr difference,
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gure 4. Effective friction angle Versus
s moulding vold zatio.

It is seen from Flgure 4 that at & mould-
ing vold ratic of roughly equel to 1, &"
becomes equel to @' . Such value of ratlo
may be called tarmihel vold ratlo in the sense
that 1f the soil sample is moulded at a vald
ratio grester than the pertleoulsar value, the
sall wirtually does not swell and behaves like
& nonexpansive cley without sny bilinear trends,
Thi# has been confirmed by testing semples with
an initisl moulding vold ratle of l.1.

The fallure envelopes obtained for soll
ssmpleos tested with moulding vold ratlo of 0.9,
0,8 and 0.7 are plottad in Flgure 5, It can
be cbaerved that in spite of hillnesrity the
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Figure 5. Failure envelopes,

Studies oonducted on triadal consolidaeed
undrained tests with @ prEalEUre Fesfuramrts
{ on the ahove Sall alse confirmed the similar
trends (Negender Aao, 1989). The pare prossure
rofponse during dhear in trlaxial tests and the
volumetric stre'ns observed during the shesring
stepe of direct shear tests reported in this
paper {see Flguce 6) indicate that foxr consolida=
tlon (normal)pressuces less then swWell pressure
the @mgansive soll behaves aof & normelly conscll-
dated clay With a loose structupe, while at
highes mormal stresses the same soll behaves Like
& ovar-consolidated soll with & sbiff structure.
Thesg structural chenges are perhsgs reSponaille
for bilinear fallure envaelopes.
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Figure &, Yolumétrlc strain (M Versuws Axial
strein (5.

There are twe implications of bilinear
stmngth envelope for expandive Sclls. Firscly,
the shesr tests on epansive Sclls have to be
conducted for e wide range of normal stresses
{in direct shear testm) or conflning pressuraes
{im trisxiasl shear tests), the veluas baing both
on high and low sldes of swelling pressura,

Secondly, in the design of foundations on
epeaaive soils, there are two possibllitiss, In
the first case concarning the lightly loaded
structures placed on epansive soll, the stressea
impossd are less than swelling pressure and
hence prediction of haave 18 of primary contern
rather than determinastion of shear stoength, The
second case 15 valid for heavily losded structu-
rea including high sarth dams where the losd in-
tenslties are higher then swelling préassure snd
hence determinetion of shear strength end besring
capecity are of prime concern. In the laster case
the bBilineser trends must be confirmed and used in
the snalysis, leat thers 18 a pnll!.hﬂ..'l.t.? of
over-edtinsting basring capacity using @), which
is higher than @, in the scalyals,

CONCLUSIONS

1. Effective shear strength envelopes for



the soll tested coneist of two straight lines
instead of & aingle line commonly found in non-
expansive clays, Thie cells for the use of four
shear paraméters instesd of the traditional etwe,

namely the vertical intercept {c‘]_',i and tha
slope (") of tha firet stradght lipe, the
ﬂwlntimdltnl#'-t line {#'.) and the nor=

mal stress | x orresponding the paint
of mmmmﬁ B::'E two straight linos,

2. For any given moulding woid ratis,

ﬂ-l
value roughly corresponds to the swelling p:'E
sure of the soll.

3, @', vglue is found to be less than 'y
by sbout “4° e 1LX"implying flattening of
the strength envelops at higher normal stresses.

4, It ie obéwrved that @', valuss incresss
with the decressing vold ratis'whersss ite
trend is observed for g, valuss. The value of
initial moulding vaid ¢ at which g%, roughly
equale @, 15 celled terminal veid ratfs,

%. For I:?ml.l.“ clay, the swall
a8 wall am ", value decreascs with the in-
creasing initial vold ratic and hence thers is
a posaibdliey that at seme high initisl mould-
ing vold ratio {(called terminal velid ratis) the
agll may not @thihit any swaell pressure and
hance bilinsarity will not be apparent and the
i:.:;ﬂth envelops will be linear with a ;},gp-.-
a g0

6. Tha bilinearity is sttributed bo the
type of 8oll structure and the nature of volu-
metric changes ehibited during drained shear.
For the range of normal stress less than o'
the ve 80ils behave simllar to rﬂl‘ﬂ-‘lll?'
consglidated clays undergodng higher wolums
changes and for the nocmal greatar

strass e
than gy behave a8 over consolldated
alays.

7. Predictien of heave 18 mors important
than baaring capacity in oase of lightly losded
structures on expansive soils. The opposite ils
true in case of heavily loaded structures inolue
ding high sarth dams, hence for the design of
foundations of such structures 1t is imperative
that the stfength response
ing the soll, with the pormal stresses exoesding

must be found by tedt-

158

swalling prassure snd app e shear parame—

I“-:- ind.uz.tnulri iﬁ used asseasing E.h. RAD-
capacity, les x be in danger of being

over-satimated Lf it l:‘{-ued only on l"l value,
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