Shear Strength

CHAPTER

Q.1 Correcl Mohr's failure envelope lor salurated clay (b) Pore pressures developed cannol be
in consoiiciated drained lest is measured
(¢) Satisfactory sirain levels cannot be

T . maintained
/ (d) Adequale consolidalion cannol be ensured
@ ' Qs

Consider the fallowing stalements related lo
tnaxial test:

b et 1. Failyre occurs along predetemined plane

2. Intemmediale and minor principal siresses are
1 equal

3. Volume change can be measured

4, Field conditions can be simulated

Which of (hese slalemenis are correct?

{2) 1,2and 3 {b) t.2and4

{¢) 1.3and 4 {d} 2,3and4

Q.4 Consider lhe following limitations:
f 1. Can be perlormed only on purely
cchesionless solls.

{©) ,/—‘ . Plane of failure is predetermined.

. Thereis virlually no control on drainage.

. Non-uniform distribution of stresses,

. Principal stresses in the sampie cannot be
delenmnined.

) The limitations inherent in direcl shear lestinclude
@ 1,2and3 {b) 2.3and4
@ (c) 3, 4and 5 (d) 1.2and5
Q.5 Considerthe loflowing slalemenis:

o o The vane shear lest is:

; | 1. A direcl lest lo delermine shear sirength
Q.2 ‘Which one of the fallowing slatement provides parameter of salurated clays.

he best arg_umenl \hal direc! shear lesls are ng! 2, Moslly uselul in cohesionless soils.
suiled for determining shear sirength paramele & 8, Uselordetermining undrained shear strength

ol a clay sail? of normally consolidated sensitive clays.
{a) Failure plane is not the weakesl plane 4. To give on aulhenlic value of "/
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Q6

Qz

Q8

Q9

Q.10

Which of these slatemenl are correcl?
(@ 1and4 {b} 2and4
(c) 1and3 (d} 2and3

Which of the following is the apprapriate (ield lest
for estimaling the angte of shearing resistance §
of a sand deposit?

(a) Field vane shear lest

{b) Plale load test

(c) Standard penelration lest

{d) Electrical resistivity lest

Consider the following slatemenls:

1. The parameler ¢, ¢ oblained using Coulomb's
Iheory are empirical.

2. Mohr's envelope is a siraighl line.

3. The characteristic of soil are not used in the
construclion of Mohr's circle.

4, The slrength of a soil is a funclion of effectiva
slrass.

Which of thesa statements are correct?

(a) 1.2and3 ®) 1.3and4

{c) 1,2and 4 (d) 2,3andq

Which one of the lollowing shear lest on a
saturaled clay soil gives a unique effective siress
Mohr's circle?

(a) Drained Iriaxial lest

(b) Unconsolidated undrained Iriaxial test

{c) Consalidation undrained triaxial 1esl

{d) Consolidated drained triaxial tast

In an undrained shear est on a salurated scil
sample, increase in pare waler pressure, AlJ, due
loincrements in principal siresses, Ao, and ag,
is given by

@ B[ac; +A{4s, - Agy)]

(b} A[Aoa +8(ag, - Aﬁg}]

() B[AG, +A{ao, - agg) ]

() A[ac)+8(a0, - Ady)]

In a (riaxial tesl, il a test is performed wilhoul
allowing drainage during the initial apphcation of
cell pressure, bul the same is altowed during the
second slage of application of deviator load, the
lest may be termed as

Q.11

Q.12

(@) unconsolidaled undrained test
{b) consolidated undrained fost
{c) unconsolidaled drained test
{d) consofidated drained lest

A vane shear lesl on a soil sample gives
momenl of lolal resislance as M. Tho shear stress
al (ailure, ‘S being more or less uniform al lop,
bollom and surlace of cylinder of soil, is given
by {H = height of vane, D = Diameler of vane)

oM M
© 5=  mys=—M
nO’H 0% (H + D]
2
M 2M
) S= {d) S=—
D? (H + %] wDH

MatchUst-| (Type of shear tesis)with List-li (Mohr

circle and ils envelope) and select the correct

answer using (e codes given below the lists:
List-I

A. Undrained 1esl on normally consolidaled
clays

B. Consclidated undrained test on normal
consolidated clays

C. Drained tesls on salurated cohesive sail
{oce)

D. Uncoenlined lest on clays
List-1l
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Codes:

@ 1
oy 1
© 4
(b 3

Q.13 Maich List-I {Fie'd problem) with List-)l {Type of
laboratory shear lest) and select the correct
answer using the codes given below the lists:

. Ustl g

A, Slability of a clay foundalion of an
embankment, whose rate of conslruction s
such that some consolidation occurs

8. Initial stability of a foating on saturated clay

G. Long-lerm stability of & slope in stilf,
fissured clay

D. Foundalion on s50ll maring clay deposits
Lisl-ll

1. Undrained triaxial test

2, Drained triaxial tesl
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Consefidated undrained last

Quick vane shear lest
Codes:
A B CD
@ 1 3 4 2
by 1 3 2 4
ey 3 1 2 4
@ 3 1 4 2

Q.14 Which of the lollowing laboratory triaxial 1est
parameters should one specily to be carried out
in connection wilh the initial stability of fooling
on saturated clay?

. C., ¢, Consolidaled undrained

2. C,¢,~Unconsolidaled undrained

3. C,¢,-Drained

Select the correct ansveer using tha codes given

below: ‘
{a) 1alone I {p) 2alone
€} 1and3 {d) 1.2and 3

Q.15 Consider the following stalements associated
wilh local shear [ailure of soils:
1. Failure is sudden with well-delined ulimatc
load. '

2. This failure occurs in highly compressible
sails.

3. Failureis preceded by large setdement.

Which of these statemants are correct?

@ 1.2and3 {p) 1end 2

{c) 2and3 {d) 1and3

Q.16 Localshear lailure ina c-gsoiloccurs when

1. sirainis between 10-20% K

2, penglralion indax {N} is less than or equal
ws .

3. angleo! internal friction is more than 36°

Which of these slatement/s isfare correct? -

(@) Both1and3 {b)Both1and2

{c} COnly3 {d) 1.2and 3

Q.17 Theinitial lengih and volume ol the test specimen

for he iriax/al compression test are L and ¥, then
tha area, "4’ of the specimen at failure or during
any slage of the est is

V+av Viav
@i O Tha
Y-av Viav
O YTa

Q.18 Which of the following pairs are correctly

malched?
1. Standard penelration test : Relative density
2. Vane-shear: Cohesion

3. Consolidation test : Bearing capacily

Codes

(@ 1.2and3

{c}1and2

{b} 1alone
{d) 2and 3

Q.19 Whichone of the lolioving plane is miost fikely 1o

be the lailure plane in sandy soils?

(a) Plane carrying maximum shear stress
{b} Plane carrying maximum normal steess
(c} Plane with maximum angle of cbliquily
{d} Principal plane

Q.20 For checking the stability of the upstream siope

of an earthen dam during rapid drawdown, the
shear paramelers are used from



{a) unconsolidated undrained lest

(b) consolidaled undrainad test with pore
presswe measufement

{c) consolidated drained {ast

{d} unconsolidaled undrained lest with pore
pressure measurement

021 Assariion (A): With box-shear apparalus, quick

and consolidaled quick lesis can be made only
onclay samples.
Reason (R): The soils ofher Ihan clays are so
‘permeable that drainage takes place even under
a very rapid application of load on the sample.
{a) both A and R are true ang R is the correct
explanalionof A
{b) both A and R are true but Ris not a correct
explanation of A
{c) Ais true but R is false
{d} Aisfalse but R is frue

Q.22 Assertion {A): Mohr's circle passes through lhe

originin unconfined compression tosl.
Reason {R): The minor principal siress Is zero.
{a) bolh A and R are frue and R is the comrect
explanational A
{b) both A and R are trus but Ris nol a correct
explanation of A
{e) Alsrue but R is false
(d) Ais false bul R is true

Q.23 tna triaxial shear test, a sample of c-¢ soil [ailed

along a fajlure plane making gngte of 45° wilh
the horizontal, The value of cohesion lor the soil
wilt be represented by

o, +0a;
B c==5— () 6= 2

() c=g,+q; {d) Noneofthese
where, o, and g, are major principle stress
and confining stress respectively.

G -0y

Q.24 Theresulls ofa consalidaled drained triaxial shear

test on a normally consolidaled clay are shown
infigure below:

¥ (kNATT)

8
§>

o, i }

The angle of inlernal frictionis
3 )
{a} sin \3 (b) sin 2

{© sirn"{-g-] {0) sin"’[%] |

Q.25 When a soil sample is subjected to a uniformly

distributed fiuid pressure only, in a triaxial
comprassion lest, e Mohr's represemanon al
the siale ol stress on samplu is

“
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-
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-
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Q.26 Using Mohr's dhagram, the relation between major

principal siress o, and minor principal slress o,
and shear parameiers « and ¢ is given by

oy =aN, + ZCJFT,, Lwhere A is

sing sing
@ 1+sing ® 1-sing
@ 1+5ing @ 1-sing

Q.27 A consolidaled undrained lriaxial compression

tesl was performed on a salurated sand at a cell
prassure of 80 kPa. The ullimale deviator stress
was 270 kPa and the pore pressure al peak stress
was -50 kPa. The elleclive angle of inlernal
friction of soil will be

{a) 3063" (D) 45°

(c) 6343° (v

Q.28 A cylindrical sample of sail, having cohesion o

0.Bkg/cm? and angla of intarnat [riclion of 20°, is
subjected 10 a cell pressure of 1.0kg/em2 What
is the maximum devialor strass at which me
sample will [ail?
(a) 4.32kgfcm?
(c) 1kgicm?

{b) 3.32kalcm?
{d) 2.32kgfcm?

Q.29 In a 6 m thick stralum of fine sand having

submerged density of 11 kN/m?, quick sand
condilien occurred at a deplh of 4.2 m ol
excavalion. What is the deplh ol lowaring of
ground wvaler lable (inmj)required formaking an
excavalion 5 m deep?

[Take densily of waler as 10 kN/m?
(a) 1.68 {b) 215

(c} 2.52 {d) 0.89

Q.30 A shear vane o 7.5 cm diameler and 11,0 cm

Q3

-

length was used to measure the shear strengtf;\
of soft clay. A torque of 600 kg-cm was required
1o shear the soil. The vane was then rolated
rapidly 1o cause remoulding of the soil. If lhe
lorque required in he remoulded stale was
200 kg-cm then sensilivity of Ihe soil is I
fa) 1 {b) 2

)3 (d) 4

In a triaxial tes\, a soil sample was ccnsoridatec:i
under a cell pressure of 750 kN/m? and a bac}lc
pressure of 400 kN/m?, Therealter wilh drainage

Q.32

Q.33

Q.34

Q.35

not allowed, the cell pressure was raised 10
900 kN/m?, resulling in anincrease in pora waler
prassure of 450 kN/m?, The axial load was Ihen’
increased lo giva a deviator stress of 600 kNfm?
(while lha cell pressure remained al 900 kN/m?)
and pore water reading of 650 kN/m?, The shear
sirength paramelers A and 8 respeclively, are
(a) 1and0.333  (b) 0.5and 0.333

{©) 1and0.666 (d) 0.5and 0,666

During the Ist siage of tnaxial test, when the cell
pressure is increased from 0,10 N/mm? to
0.26 Nfmm?2, the pare water pressure increases
from 0.07 N/mm?10.0.15 N/mm2. What is the value
of the skemplon’s pore pressure parameter B?

{(a) 0.5 (b) 0.5
{c) 20 (d) -2.0
In a Iriaxial compression tesl, the major principal

stress was 120 kPa and minor principal slress
was 60 kPa al failure, The pore pressure at [ailure
was observed (0 be 40 kPa. The 1angent of lhe
angle of shearing resislance of sandy sail that
was tested was

{a) 12 b} 4
{c) 113 {dy 23
A vane 20 cmong and 10 ¢m in diameter was

pressed into a soft marine clay at the boltom of
a bare hole. Torque was applied gradually and
failure occurred at 1000 kg cm. The cohesion of
the clay in kgfem? is:

1.6 1.5
-— - b} —x—
@ n 7 o} nx‘l
)_x_i d lxg
fe n 7 ()n 7
A braced cut, 5 m wide and 7.5 m decp is

proposed in a cohesionless soil deposit having
elfective cohesion ¢ = 0 and elleclive Iriction
angle, &' = 36°. The lirst row of slruls is to be
installed ata depth of 0.5 m below ground surface
and spacing between Ihe siruts should be 1.5 m.
Il the harizontal spacing of struls is 3 m and unil
weight of the deposil is 20 ki/m?. the maximum
strul load will be



Q.36

Q.37

(a) 70.B7kN
{c) 113.90kN

{b) 98.72kN
() 151.86 kN

1{ the elfeclive slress strength paramelers of a
soil are ¢’ = 10 kPa and & = 30°, lhe shear
strengthona plane wilhin the saturaled soil mass
al a poinl where the tolal nomal stressis 300 kPa
and pore waler pressure is 150 kPa will be:

{a) 80.5kPa (b) 96.6kPa

{c) 101.5%Pa {d) 105.5kPa

A clayey sample tesled in an unconfined
compréassion tesl fails al a normal stress of
100 kN/m? and the tailure plane makes an angle
ol 45° with the horizonlal. Il the same samplc is
lesled in lriaxial test using lateral pressure of
30 kN/m?, then devialor siress, shear slress on

{a) 70 kN/m?, 70 kN/m2, 100 kN/m?
(b) 7O kNfm2, zero, 50 kNfm?

{c) 100 kN/m2, 70 kN/m?, zero

{d) 100 kN/mZ, zero, 50 KN/m?

.38 In Iriaxial 12sl, the area of cross-section of soil al

tailure, if A, is the original area, s, is unit volume
change and g, is axial strain, is

ie,
@A A=)
1te,
@ A= (dm=5'l(_7f-)

Q.38 For a salurated soil mass, Skempton's B

principal plane and cohesion, respectively, wilt ?;'mﬁr;:m ) nearly 0.5
pe {c) nearly 1 {d) very high
‘ Lt 1] ]
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Shear Strength

1.

(d} .
In consolidated drained lest. clay behaves like
sand.

{a) :

The tolal pore pressure change is given by,
AU = Bac, + Aaoy

= AU= BAa, + AB(as, - Aa,)

= AlU= Bda, + Alds, - Ag,)

{b)

Critical void ralio decreases with increase in
canlining pressure.

Il any sand has

15

e > g, = loosesand

e < e, =+ dense sand
(c)
In local shear [ailure the plastic equilibrium
develops only in parl of tha soil below the footing
the failure surface doesn' reach the ground and
only slight heaving occurs there wiould be no
titing ol the (ooting. Arbitrary failure point is Laken
an the basis of selifement. This type of failure
moslly occurs in loose or soft soils ol high
compressibility & excessiva setiiement

18.

22,

23

24,

26.

27.

{d)

SPT test gives refative densily of sands and

gravels.

(a)

Inunconfined compression test, minor principal

strass, g, = 0.

)]
' o, = olan’«+ 2ctank

here, a = 45°

- G, = 0;+2¢
i i
S
A
()
Sy 1+sing
73 = 1-sing
! 200 1+sing
100~ 1-sing

2-2sin6 = 1 +sing

~ eintf 4
= é = sin [3)

(d}
o = oo+ 20
This is expression for passive pressurg.
. +sing
? T i-sing
(8}
For salurated sand,
C=0¢€=0
g, = BOKN/m?
0, = 270kN/m?
U = -50 kN/m?
a, = 9y+0,
= BP + 270 = 350 kN/m?
oy = a,~-u

= 350 - {-50) = 400 kN/m?
05 = Gy~ U=B0-(-50} = 130 kN/m?

G - a;

sing”
¢ o} + 05

it

28.

29.

30,

When, ¢’ = effective angle iniernal friction of soll
, _ 400-130 _ 270

Y = 200+130 530
¢ = 063
9]

g, = 1kgiom?

a= 45°+§=45°+3;3=55°

o, = gatan‘a+2clann
= tlan55°+ 2% 08+ 1an55°
= 4.32kgfcm?

Deviator stress )
= 9,-0;={4.32- I)kgfem?
= 3.32kgicm?

(a}

Given quick sand condition occurred at adepth
ofd.2m - :
Saturation density

=11+ 10 = 21 kNjm?
So hydraulic head al 4.2 m dapth is

4.2x21
=~ =8.82m
For excavation upto 5 m avoiding Quick Sand
Condition
The hydraulic head
5x21

= T =105m
So, lowering of water tabla

= 105-882=168m

{c}
Shearsirenglh= Torque
T

i sd’(g-fg)

As 1

Sensitivity

- Shear strength inundistusbbed condition
Shear strength in disturbed condilion

_ Torque in undislurbed condilion
" Torque indisturbed condition

W

=@-=
0



31 (g 34, (a)
' Back pressure is applied lo salurate the soll. To .
ensure that application of back pressure does C, = 5
nol rasult in anincrease in elfective stress inthe xD? {5 +g
sample, the cell prassure is alsa increased fo ,
the same level, Thus maintaining consiant 1000
ellective slress. = E 10
During applicalion of pressure, pore water ik P
. pressure is equal lo bulk pressure. 1 1000
8= buy _ 480-400 o non = 2 *Tow70 %
. A0y a0-750 16
", 2
- g
A=AB= Acg
6. {b) .
650-450 :
= =0333 T= ¢ 4+0 lany
{900+ 600)- 900 of = g, ¢
. AB_033 = 300- 150 = 150kPa
A= B 0333 1 = 10+ 1501an30°
= 96.6K
32, (8 o 96.6kPa
AU 0.45-0.07 - )
B= oo = 0201 o7
Aoy | BB g, = 26 1an[4s+§}
33, (B
@, = 120 - 40 = 80 kPa ﬁc=45+%=d5"
3, = 60-40=20kPa
_4q _
s, _ 1-sno c= L =s0knm?
o,  1+sing Now,
90 _ 1-sing 2 -] : &
% = Trone g, = Gylan (45+-§]+2¢tan(45+5)
. 3 = ¢ =3%3+10
= sing = z = 130 kNfm?
a o= 6'-0:
ang = 3 = 130-30 = {00 kN/m?2 |



