Y

o i

P el USRI

.Qt.
Answer :

(b ng shear test T

(e) Unconﬁned compression test

- WWW Jntu aterlals com

SHEAR STRENGTH OF " >
L 30|LS T i

Shear strength. IR :
g 0{ Smlb v bc defined as lhe resistance offered to 1he shear stresses and shear deformatlon by the soil.

_ ~ The different types of laboratory strength test are as follows,
(a) Diréct shear test

(©) T0r510n test- | ot Tyt ) ; L

(d) . . Triaxial COmpresslon lcst A i g

[ﬂ.' Vane '?;hpartest(Laboratory) ' R

©Q2. List out the different types of undrained shear test and under’ what condmons should the undramed

there is a probicm of long-term stability 0
% uncon:aolldated undrained-test is used,

parameters vertlcal effectlve strcss
_ Stress. :

103-. What are the adva

ﬂnswer :

2. This method is
3. 11 can be p:,rformed ‘within a short period of time. .
F= 2
4. Specimen prcparalmn and test procedure is simple. .
51 A Th1s test is mexpcnswc : T | . o
ENGINEERING STUDENTS = : SIA GROUP Qﬁ _

SPECTRAM au.-m-one JOURNAL FOR

\ shear strength parameters; are used.
Answer H ; Model P-aper-l\f, Q‘l(f). .
Undrained Shear Test e S R -

" There are two lypes of undra:ncd tests, ¢ S ik, . 3 'SR

(i) Uncomohda‘rcd undrained test .I et > - p : it - e
(11) Consohdatcd undrained test. : 4

Conditions for Undrained Shear Strength Parameters : .
h as cohesion (c) and angle of repose (‘3?) for consohdaicd undrained-test is used if
of foundations, earth dams and excavations, whereaa the shear strength parameters for -

ifthere is a problem of short-term stability.

The roﬁle of undrained shear strength can be measured from the coefficient of earth pressure at rest, ef’fecnve strcngih'
. The undramed shear strength rely upon the relative magnitude of the intermédiate principle

The shear strength paramctcrs suc

ntages and dlsadvantages of dlrect shear test. " "> ; |
' Mt;del Paper-, Q1()

Advantages of Direct Shear Test
L Direct shear test is simple and can be pcrfon‘ncd easﬂy

more suitable for sand
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D:sadvantages of Direct Shear Test
© The pote water pressure cannot be measured.
‘ Prepa:atlon of undisturbed samples is difficult due to squarﬁ cross‘ im
Dramaga ﬂow cannot be controlled due to whl°h ‘mdrmned tests m L
Principal stresses cannot be determined in direct shear test- d every smgo 2 oL = : I

€ ! i

| 7 I Directions of the principal planes cannot be estimated at each an dra'" ed test e Model Paper-Ill, Q1(p
1S REd Q4. Differentuata betwean unconsolidated U"dramed toRb e -l I & |
! - - Answer : i

geC tlon‘
posslbl

S

Dlﬂ'erences Between Unconso]udated Undramed Test and Dramed Test Dramed ot _ .c‘)f
: = authonza
A . . nconsolidated Undrained Test . — L test requlf lh s and e
it ? L.| The unconsolidated undrained tésts does not require - | 1- _The dratlnat e stage: Be |
_the authorization of dramagc at any of the stages il 3:21:;3“; o st F e tc;»t ompletion |
‘ ' ired for the © |
gl ot requucd for the unconsolidated ‘[ 2] The time span ’eiﬁlm 4106 weeks e 3| 4
undrained test i 1§ apprommate!y about 5to 10 undramed test is | i _ .
known as’ the * slow test | :

minutes, : 3 _ L .
N > ; : . )

3. The unconsolidated undraifed test is also known - 3 The, dramed te:;t 153 slow test’.
as the “consolidated quick test’. or the ‘consolidate

: : . atcd a
4| The unconsolidated undrained test is designated 4 The drained tcsl is dcmgﬂ

e, ¢ L | a8 U, Y0 or “Qy” test. - iSatesty - f pore pressure atany -
i 5.| There is no dissipation of por 15| There is no development of P
p f pore water pressure and B ofthe stages, Yt chanﬂc in the volume is observcd

j consequent consolidation of soil, due to which thc z :
| volume remains unchanged: - . =4S - : - ; : ‘

Q5. Write short notes on mportance of shear strength : N 9 ; :
Answer-_. _ ; wn e : NG IRE ; ; :
i 1. Shear strength is one of the most important encmccnng propcrty s cnfsml
: 2." - Thesi gmﬁcance of shear strength is such that i itis involved in the stability ana!ysls part of geotechmcal engmeenng
i 37 e transfer the laboratory test results on the field of apphcatlon the engineer should possess high skills. &5
B Shearing strength is obtained from resistance due to mtcr!oc]\mg soil grams and frictional remstance 1n between the grams

s L‘CD!‘), “S)? or

of the soil.
(. Cohesion or adhesmn between the soil grains also produces shear strength n 3011 :
' " The shear strength is different for various engineering conditions under vanous ﬁelds Hence It camlot be tabulated n

i

" codes of practise.
What are the advantages and dlsad\'antages of tﬂaxml Compresswe test over dlrect shear test‘? :

Model Paper-ll Q1{f}

Q6.
Answer : .

b The advantages and dlsadvantages of the mamal compresswc test ovcr direct Shear test are as foll
ows,

_'Advantages - T g ' i Ry |
The uniform dlsmbutlon of stress on fallurc plane is obtamed L 1

Variations in pore water pressure and volume can be measured dlrectly
The control over drainage conditions is  possible .- . . e |

: The state of stress at every middle sections i is known, therefore the Moh; . | .
It provides more accurate results when compared to direct shear test

The ﬂexlblhly oftrlaxlal compressmn test is hlgh when coﬂ‘lpared . Shear.stre
sS.

s {:Ircle can be drawn at any Stage of shear .'."--'!

s

A ey

Dlsadvantagﬂ i .
I Equipments used in this test are very complex, expensive and bulky

5. Toige slow test when comparcd to direct shear test  *

3. Loading cap and pedestal disc of the sp ecimen pmd“"e f"ctlcmal resnstance d el
Lle to Whlch th 3,
5 Stram n conditions :

‘uniform.
Look for the SIA GROUP LOGo Q} e

Scanned by CamScanner



F : v_—- Vs
Ey_fﬂf-ﬁ s AW . JNtUKMaterials.com s
07, Explain the basic Mechanism of sh‘ear-stl‘ength' of soils. = Bt

ngth? ; ' o Nov.-15. Sﬂlt'sr QT(ﬂ.) | Nov.-15, Sgt-?. Qi1(f)

Ghearing Strength pf'S..oils 5
Shearin : - - 5 < : ;
= s:trength Tabollis achieved from the following sources, =~ - S . S " ry i
i Tromfhe interlocking effect of particles, . | iy : Ak A = il

shearing strength from the cohes;

in nature and they derive their g}

strengths according to different
i standard code of practice,

on.of adhesion process. Soils which are parllyJ cohesive and partly granular are very abundant j".":‘
shearing strength from the frictional forces between soil gr_ziins'._ A soil exhibit different shear_ :
field and engineeri ng conditions. Therefore, shear strength of soil is not recommended by any

87 Ductbvarjousﬁiczio . B RE B Sy : T TN ; | ]
: both. - K TeSIS‘r?.nces_ex]ublltmg between two or more soil particles such as sliding friction, I1’0”“'18 friction or |

3 . ’ pOpeﬂy?fwhesmnor'adh“ionbetweenthe-soil paticles. T - . | : :':!::" i
The granular soil extracts ; o By g : o ’ Lo

it f acts its shear strength from interlocking of particles and friction forces whereas clays derive their ] gl

J 1

i

. @8. Whatis the name of the

ihe formula to deter test used to determine quickly t'h_é un drained shear strength of softclay? Write

ne the sensitivity of a clay.

'
—

'Answ'er H 7 : ! | “ ; 2 |
. | . a2 ; ol Oct/Nov.-16, Set2, Q1(f) -',."'

» Thete ermi : ; ' i : oz ” o 1
o st '{SCd to determine quickly the undrained shear strength of soft clay is unconsolidated undrained test (UU Test). = - il e
¢ In :}rlils’ during’the application of cell pressure in first stage and deviator stress in second stage, the.-dréiqage is.

restricted. Moreover, if the sample used is of fully saturated, then there occurs zero consolidation. '

“oale

i Thus, duc.to above two condition_.s this test is termed as unconso.]idated undrained test (U-U.Test).

~ For answer refer Unit-II, Q2 :

Q9. What is usual length to diameter ratio of a lab triaxial test samﬁle? What is the formula of additional
axial stress and what is another name for additional axial stress. s ol Tt

 Answer : - NS R T e . ' Oct/Nov.16, Set, Q1(f)

° Forlansw;:’r-reférUnitl-ll,Q16. S B : e o e
‘The formula for addi_tipnal axial stress is given by, e

.- Axialload _ ﬁl ; :

%a~ Loadedarea A4

Loading area.

-,

~SlA GROUP 5 |
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.Q12. Define shea.r stre

| U |I' : JINIngKp(klNADA]. ;
t, " s T aL ENGINEERINGZ — B
6.4 . OTECHNIC fon. n
‘ - o GEOTECT e cohesion:. OctNov-16, 563, Qi) i
Q0. Define-Critical Voiq Raqs and explain in which state sand G T octmov-16, Set, Qg

Answer .

!
LY

or e o ot cmall quantity Of water
For answer refer Unit-vy, Q43. S tetef when a smal. qua g
Vhen san s esion parameter ¥ Co

. When sand is i 1F1e coh

1s mixed but does not

dry state it does not possess cohesion. It attains
POSsess inherent strength,

N

Q11. Explain dj

——— . T e oils. =~ . + Q1 | Nov-15, Sets3, Qt(n) - 8
fferent drainage canditions for shear testing of s o (Nov.-15, Set-4 B P e
Answer : | i o ; Pt g BT e s : . &
For answer refer Unit-VI, Q19, T ] :

— inage conditions?
- don dralnag_ &
ngth of a soil. What are the names of shear tests pasg i ;

Ans Oct/Nov.-16, Set1, Qi)
wer ;. | N e e
For answer refer Unit-V1, Q1 and Q19, Topic: Triaxial Shear Test. : . - SR ] |
Q13. Discuss about triaxial shear test. ] © Oct/Nov.-17, Set-1, Q1)
Answer ; - : AN IR i § ‘_ B
For answer refer Unit-VI,‘Ql.s_ = . : 'y | | :
¥
I |
A
{
i
' . EIA GROID | An~ 0
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* /SN OF SHEAR STRENGTH - MOHR COULOMB FAILUR
- * . VARIOUS DRAINAGE CONDITIONS

A

Fee og & ' "'OR
Ex T —-—
Plarn Mohr - Coulombs shear failure theor:;r ‘
‘Answer : ' ' ‘ I
_ V. L . : . Model Paper-l, Q7(a)
- Varioys theories of failure have | theor fohr has b ilin soi mpor
O o s SRSt o s el . Th o
(a) - . The failure ufmaie;'ial is d e I . - .
- and normal sies on (s falifui(; 11112?12 The critical shear stress producing t‘aqure rely on the characteristics of the material
i T e 4 . & 2 5 & ' = : ¢ - | '-
(b) : he Istresses‘ on the potential failure plane determines the ultimate strength of the material
() © When the material depends on t - ‘
-~ . onthe strength of material. -

.

hree dimensional princip:il stress, the jntermediate principal stress does not have any effect

. Tl?e theor.y Wwas first proposed by Coulomb in 1776 artd later it was generalized by Mohr. The algebraic expression for .
this theory is as follows, Gs . iy o . .

" Where, ‘.
. a8 —Shear stress on failure plane, shear resistance of material at failure
F(c)- Normal stress function. . X!

A curve obtained by plotting the nd;ma[-strcss-ar_:d shear stress is known as strength envelope. The folloﬁng strength
equation is given by coulomb, - ' ¢ 4B 1 ok ; . 18 SH

" §=C+octan¢
‘Where, Ly
e Cohésion intercept
N Ai_lglé of internal friction

The Mohr’s envelope, as S-hO\:Vll in figure, is the gmphicql 'reprclsentaﬁoq of equétion (1)_

TN

Y

Figure I1]:'P-Jnhr‘ s Envelope

; i tween shear st Alics 2 X
b Shc::‘:t::’gttlﬁl::; on the normal stress but shows that the relation between them is not linear. Coulomb and Mohr strength

) i hat the definite relationship exists among the principal ;

; th theory and this theory ghows t : p g the principal stresses, the

_;nef depends 0111 ft‘hztf::r?:!ﬁ d the inclination of the failure plane. The Mohr’s curved failure envelope is considered as a straight
I gle of S f soil mass. “This line moves through the origin fTJI‘ an ideal pure friction material, as shown in figure, In '
ine fo; ;hc stabil gg' o s?i'ghlly curved strength line is exhibited, which is indicated by dotted line.

case of dense sands, a A '

SPECTRUM ALL-IN-ONE JOURNAL FOR EN

ot g e

P N 1 et e e

rength and normal stress as considered by coulomb, is a straight line whereas in Mohr theory, -

A T , SIA GROUP {5

e
i
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* Q15. Discuss about vane shear test.

- Answer @

NTU-KAKINADA] ¥

L A

A

“For purel ! . oY 'Fjgﬁre (2) - vl
: . y cohesive material’ . ; _
acting on the failure plane. aterial, the straight line is parallel to the G-axis and the

s&engtﬁ is different with the r'lolrmal stress

.

1:A__

>
[0

Figue(3) = b :
on the range of ‘o’ Therefore, if the anglé of internal friction .. :

A straight line which is attached to a Mohr envelope rely
racteristics of the material,

is cons ; ' s :
nstant, then the Mohr envelope is considered as a straight line. Based on the cha 3
- . :

(a) © The failure envelope may be straight or i b

(b) ~ The failure envelope may move through the origin of stress or may intersect the shess-stres.s axis.. '

]
Fl : ~ ‘!
CL e R : . Oct./Nov.-17, éet—!;_dﬂﬂ J

e T JOR | g 3 §
of_labc_:{ratory.s@rength test? Ekpléin any one. -

.

What are the different types

Types of Labora'tory Tests
The different types of lab
(a) Direct shear test

oratory strength test are as follows, -

(b) Ring shear test

(c) Torsion test

(d‘) Triaxial comj)rcssidn test .
(¢) Unconfined compression test '
(f) Vane shear test. ' L ) o

S
-

vane Shear Test
ys. The shear vane.compﬁses of four thin =

vane shear t€s
] blades fixed at th
~"1980 recommends, ‘ 4 }

H=2D

{ is conducted to determine the undained shear strength of :

inless stee « bottom of the vertical stgel rod. gth of soft cla

stainless ¢ _ -
1S: 2720 — XXX

(i) Height of the vane:

L =60mm

d
..y Length of the ro¢ .
(") f the rod, d=2.5mm b, L S

i
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6.7
procedure
© 0 Aspecimen of St '
(i) Th R d'a'mtar and 75 mm helght is takes i & container which is attachcd to the base.
€ vane is then j '
indicator are n(:atr:lil1 ?{l)'t;c: i sPeclmen toa depth of 10 to 20 mm and the readmgs of strain indicator and torque’
z A
(iii) Torque at a rate ° '
of 6 fm to the lop of the steel rod is applied.
iv) Af
| @ ) pointer attached tO the spnng mdlcatcs the apphed torque .
: (v) A tor ue a
: 4 ctlng on the SPC-::imen is commued tll the soil speciment falls in shcar :
(vi) The shea: strength of the sl i is calculated by usmg an cquatlon, g _ oo i
rcDZ[ H:b ] : 'fTOP vane and bottom vane are rwolved in shearmg 30“0“' :
- e ] 3 R A, T S R LY
= DZ[H Do if Only one of the vané is mvolved in shcarmg acnon ; _ B Rl By
; = - P 5
Where, 2 12]-- ' £ : . M
. ' A ) , . L B 1t 4 A r 2 . ' 4 ; i
* s Ok B ek v 4 . g ) i I' % " 1
T- Torqi'le Ao L L T : R |
‘D — Diameter of the vane

H — Height of the vane.

Px h\.

Figure: Vane Shear Test

INTEAS

g _-;-.;;znluﬁ STUDENTS — S - S'A GROU.DL"ﬂ %
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GEOTECHN‘CAL ENG/

Q16. Writ
ea note on the laboratory triaxial shear

: test.
Aﬂswer : -

est hility of controllin
¥ isa fBaSIbll ity 0 g g
s test, there! ]

* The main aim oftnaxlal

gth of goil, In thi
drainage condltlons and thus m

shear test is to measure the shear stren
s to measure the s oblﬁl ined.

ore accurate pore water pressure values are
Procedure

: . . ¢, the ratl
Acylmdrlcal specimen of s sizes 76 x 33 mm and 100 % 50 mm arcused 1.6

. .Should be equal to 2, . _ .
. ) i disc at
or
. To COHdUCt ‘this test, a triaxial cell is used which consists of sama??depd by cell-flu
of rubber membranea and o- -rings, so as ‘to nvoxd the pressure develop
specimen.

t the pedcstal It also consists
d whrch otherwise disturb the

d with rubber membr'an_cc-Th" top ?nd bottom of
wi : : S S 2

Firstly, the specimen is placed over the porous dis¢ and is covere |
specunen is sealed by o-rings. ’ g = o i xiéll}’ over top and
5 . r [ Su_rface.an a s 4
¥+ - . Now, in order to apply the cell pressure (o, ) which acts racl:ally over the later2 : 2
~_+-bottom surface of specimen, the triaxial cell is ﬁlled w:th water. : O )
specimen fails. R it
> -An addmonal axial pressure called dcv:ator stress is also appfied u""i % p n : '
: d
- Usmg dail guage (or) a dlsplacement tra_n_sducer, axlal straln is ca]cualte
** - During the triaxial test, there-exists 2 cases,
Ly 1. Open pore water lme and closed dramage lme '

2% Closcd pore water line and open dramage line O Vi A
: : ' isured in drained
"In both the cases, the pore pressure is measured in undramed condmon while the volume chagEcp A1 m_ea : e

1

conditions.

Thus the laboratory, procedure of tr1ax1al shear test.
; " Axial load

A i : 2 oot .
i ! - ' - .
i . i . o

__;——-Cc-ll— : i ) . 3

o § e | [~ 2 _F [ Bui¢- 4 }——> Perspex cylinder

’

" Loading cap <

Rubber orings. -

A

Rubber membrane |, ~

Y

Porous disc:

Pedestal -<—
Pore pressure <€
measurement Triaxial cell

«— Cell pressure

Figure: Triaxial Cell

P Look for the SIA GROUP LOGO Q} on the TITLE COVER before you buy
- . ! ‘_ .
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. 017 Discuss about unco

Inunconfined ¢q . J
clay specimens. The two types ofmat, the co“ﬁ“mg pressure is zero. The test can be carried out on claycy soils or mlact saturated

Pm"’mgningn"PEMacllme g gk BET Y - o

sl S S

- - =

Answer : nfined Compression test, Z ' Oct/MNov.17, Set, Q1()

Unconfined Compressmn Test ' a
mlﬂressmn tes
chi
_ (@) Spring type machine nes, which are used to conduct uncnnﬁned compression test are,

(b) PI'OVlng nng t}’pe maChlne : I s -‘

Proving ring

Di;tl_ gauge

2 2 43

I : : T Mt;\-'_ing plate

5 2 : ' : %//4_}—»Conjcalsealings‘ ' . |

Figure: Proving Ring Type Machine

Procedure o e g ' .

Place the spemmcn at the tc‘:p of the lower plate and set the readings of dial gauge and provmg ring to zero.
Apply the compressive ‘load on the specimen by rotating the handle of the machine.
When the handlc is Totated, lhe top plate is forced to downward direction, which produces compresswn
_' An axial stram of 1% to 2% per minute is produced by gradua]]y rotat1ng1he handle.
The load applied on the specrmen is contmued till it fails or till the occurence uf 20% ofa)ual strain.
The com pressive: force and the axial stral in is measured from the readings of provmg rmg and dial gauge respectively.

”

Results

In this test,
Minor prmc:lpalstrcss a;=0

-P . ' . . . L
e Major principa] stress, 0, = 7 o : . &,
Where, :
P~ Axial load .
A — Area of cross-section of the speumcn

axial stress is known as unconfined compressive strength. The stress-strain (cr—a) curve can

imen atan
The failure of specim d axial strain at varying stages prior to the failure of specimen.

be drawn between the axjal stress an
fthe Qpcumcn at that axial strain should be Lmllzed Th
| stress, cross-section area o ] commd

While computing the axia

area can be achieved from equation,

e . |
~(-¢) - ‘ : _ _ . g
?mﬁﬁ ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS —— : "SIA GROUP @i
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6.10
Mohr Circle

Plot the Mot circle for the conditions of siress at faihare. W2 2%
() Mokbr circle moves through the origin
(1) Failurs envelope is borizoatal _

(ii7) Cobesion intercept is equal to the radius of the cirTle-

S=C = ﬁ.:q_‘
-z 2

Strain (i)
——

Ky
Ci
_L ]
je——o=q. — 1- .
; Swess (0> N
' MU&WWUWW—L——_—_ Nov.-17, Set3, Q1)
: ) Oct/Nov.-17,
Q18. Discuss about direct shear test. - :
OR : z §
_ OctMNov.-15, Set-1,Q7(a)
Write 2 note on the laboratory box shear test.
. - OR
Explain shear box test with neat figure. i i
. Nov.-15, Set-%, Q7{3)
Direct Shear Test

. hear test is used for calcalaring the strength pararmeters of sili and clay under differemt drainage conditions (L.
enconsolidated-undrained. consolidated drainad condizions). This test is performad og cohesionless soils and imparts goodresults
for the sTength parameieTs ' ‘ | ¥
Procedure :

Soil speci 0 of size 60 x 60 x 25 mm is taken. ghichmz}'l:emzde directly In the shear box and compactad. The base
taze i< fixed to the botom half of the hox. A porous stooe is kept i the shear box. In case of undrained tests_ 2 plam grd B
plaze & e Y = i : = :
placed on the porous stone whereas in drainad tests, 2 perforatad gmids are unilzed. Then the mass of the base plate, porous stoad
1 er3d are taken. The soil specimen. if preparad separaiely s transmin=d 10 the box and then s mass is ken.

mwgi&mmmwzm&:mmmdamkﬁtmme soil specimen. which is placed in the box. The bax 8
is then kept msade the container ca the loading frame, which is mountad. Due to which. the top half of the box conta<ts with
the proving nng. The stee] ball is placed on the pressure ped and the loading yoke is kept on the steel hell. Two dial gauses =F°
provided in the direct shear test apparatis. ’

(2) Onc &l gauge is fixed 10 the container to provide shear displacement.
(b) Other is fixed on the loadmgz voke 10 note down the vertucal movement.

The locking pins arc taken off and the top half box is pulled slightly by means of spacing screws. Based on the maums®
particle size, the space between the two halves of the box is <0 adjustad that the upper half of the box does not mount o sed
Now, 2pply the pormal load on the specimen 1o provide a normal stress of 25 KN'm” and then shear load is applied 08 #
Y at 2 coostant rate of strain. £
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. Table indic
| ate§ the rate of strain for different ests

Undrained tests , Drained tests

. Rate of strajn

I'mmto 2 mm/minute

Rate of strain,
0.2 m/minute for sandy soils
0.005 — 0.02 mm/minute for clayey soils

The-specimen 61‘ the soj

. ring and dial gauges are noteq | shears between the two halves of the box along the horizontal plane. The readings of the proving
ihe maximum value, the rca(:ina?iqvcr}_’_ % lflinutc. The test is continued till the failure of the Spccimf:n occurs. Aﬁrr rcaF:hL:;g
In case of soils which do not pB o' proving ring dial gauge begins to decrease. This shows the shear failure of the soil specimen.

| After the completion of
determihed. ’

The test is repeated under the normal stress of 50,1 00,, 200 and 400 kN/m* -

During shear, . ' |

Shear stress = M@gmdicatcd by proving ring
_ o ‘Area of the specimen,
. Acurve can be plotted bétween shear stress and shear strain, where, '
shear displaceme nt (AH) i

Shear strain =
~Length of the specimen (L)

- Loading yoke

VI f'V/ .//./ﬁl'iz/’://b

TIE_E_E

Proving ring r %;/,7// , jﬂ@ﬁm

Water grooves

Figure: Direct Shear Test

rovide peak point, the failure of the specimen occurs when a shearing strain 0

f20% is ach_icved.

test, the specimen is taken out from the shear box and the water content of the specimen 1s

Q19. Explain three drainage conditions for conducting shear testing of soils.
. OR _

Nov.-15, Set-1, Q7(3)

What are the three standard triaxial shear tests with respect to drainage conditions? Explain with rea-

sons the situations for which each test is preferred.

) Answer :

Triaxial She: r Test

The ree standard trinxial shear test with respect 1o drainage conditions are,

(i) C asolidated - undrained test (CU-test) ‘
(ii) Unconsolidated - undrained test (UU-test)
(iii) Consolidated draingd test (CD test)

Ilogﬂ Paper-ill, Q7(a)

.;_WH ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS
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- 6.12

* exerted to the water poured in the triaxial cell by associating 10 the mercury-pot §

the ram is allowed to be in contact with the loading cap and then the dial gauge is 3

E after pulling out the loading cap and the top porous stone. The filter paper strips are removed. The post-
_ are calculated. The water content of the specimen is also calculated. * ;

* permeability of cohesive soils, the qnnsolidatcd drained test takes 4-5 days to complete Y using burette. Due to very 10

_ strength parameters directlly which are related to the long term stability conditions. esive soils for determining the

‘Wwww-IrtkMaterials, cam:

<. - 5 ) ; . * ' 't
()  Consolidated -Undrained Test (CU Test) - porous stone 15 © (;::cr:fh\:ls;eziﬂg
e e : :odestal: d helg ax :
- In triaxial test apparatus, a deaired porous stone is kept 07 the fop of the pedes diamet rr::ls stones, deaired vertical

: SC. :
Pagel' disc on the top. The cohesive soil specimen is then kept over the filte pape;o touch poth the P‘i’i with the r¢ ber membrane
. mm and 75 mm respectively. Porous stone is also kept over the Epwmen;m ole is then wvcr.e' Lt :
filter strips are pc?sitioned at regular spacing around the entire boundary: P o S ;
and the entire unit is sealed with the help of O-rings. ¢ water iS poured in the cell
et * A £ puts. NOW» =27 me empty space.
The triaxial cell is first kept over the base and then secured with the hclp-Ofﬂ in cell which have SO pty sp

et by : ortion 0 , :ed. The pressure is then
through pressure supply and the oilis injected through the o1 valve in the 1P P, 0 ¢ value 7€ clo:(;n:ts. the specimen starts

i b . Vit ; air-

After injecting oil; the surplus oil overflows, due to which both oil value 7 yster. When prel alations of yolume changes. -
X ;ons for calc T
consolidating. The specimen is associated to the burette by means of 13'1"‘355“"’_c‘,’mmmon5 R

I:f there is no change in volume, then the corsolidation process is complete- -

4 " .  drainage is closed and the pore
 After the completion of consolidation, the specimen is ready for sheared e vi:?:ns. The reading of provine g dial
water pressure measurement device is fixed to the'specilnen by means of pressure eonns but caré Shquld be taken
gauge is then set to zero. Then the ram is pushed into the triaxial cell Wi . The proving ring records the
that it does not touch the loading cap. The loading machine is then started at th¢ ted with the help of manual control and
force due to friction and the upward thrust, which acts on the ram. The machine 18 h?‘-‘ et 1o zéro. The deviator stress is applied
gam S€ orresponding t0 axial strains of -
on the sample with the help, of loading material. The reeadings of proving ring aré taken e 4 : 3

T R L
3% 3% 1%, 2%, 3%, 4%, 5%.....(or) 20%.

After completing the.test, theloading machine is switched off and all extra axial stress is taken out- The pressure acting
are removed and the cell is taken

on the triaxial cell is lowered to zero and then it is evacuated. The nuts used for fixing the cell £ . ‘
out from the base. After removing the cell, the O-rings and rubber membranes are removed. The specimen is then improved
, ' shear mass and length

i The consolidated undrained test is carried out on undisturbed samp;le of clay, silt and peat, on remoulded samples of clay -
and silt and also on redeposits samples of cohesionless soils (sand and gravel).” o :

(i) * Unconsolidated-Undrained Test (UU-,tesl')'

The prué_edure for the u.ricqnsolidatcd-uhdfained test is similar to the consolidated-undrainted test exce—pt that the speci:ilcn
is not permitted to consolidate in the first stage. During the test, the valve of drainage is kept closed, although the specimen can
be associated to the pore-water pressure measurement device if needed. &l

The spccimen-is- sheared by applying the cell pressure, the second smgé fuf this test is similar to that for a coﬁsolidat'ed-
undrained test. B : : . _

This test is carried out on undisturbed sati\'ple_ of clay, silt and peat for dcte . » ;
also used on remoulded sample of clay for measuring its strength. ' Im‘lufo the strength of natural grqund. Itis

(iii) Consolidnted Drained Test (CD-Test)

specimen is very slow in th_SEC‘md stage. During the test, the drainage valve is ;
associated to the purrette. During the shearing of specimen, the volume changes are :;:E:ESSA]thOUgh, the specircen can

Drained tests are carried out on both undisturbed and remoulded samples of coh
0
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/—I;;“ss failure envelq
mnsolidated clafs

ver
Pes of Uy, cu and CD. for saturated clays, I'IC_iI'I‘“ﬂ“Y- consolidated and o

s

1]
i 1

.l. pﬂlﬂ" Envelopes of Uncousuhdated Undrained Test (UU)

A

;Effccnw stress circle
' o 0
LY O Can .

‘Failure envelq:e
' /1 -—avTotal stress circle.

Finuralﬂ . e P !
The fa:lure cnvelopes is obtamed ﬁ-om UlU test. . N ‘
The angle of shearing 1 resistanice ¢ is zero (0 in oonsolldated undrained test.

The failure envelope will be horizontal, if (¢ = 0) ie., shearmg resistance angle is zero.

Tlhc shear strength parameters w111 be cqual os=c, ‘where ¢, is cohesion intercept. For a normally consohdated
clay. _ . 4

The value of cohesion i intercept is more in over consohdated ciay, but the fallure cnvelope is horizontal.

The failure envel(:pe obtained from U.U test cannot be expressed in terms of effective stress.

Fallure Envelope of Consolidated Undramed Test (C U)
14\ o o ST e Rk

|

\ 9
" 5 Effective Stress
| it Ao : :

i . Sl
|

Total stress

-

o _ : o
Normally Consolidated Clay

ay

! Over Consolidated Clay
| ks o e - Figure @, -, , F_igursth}
; ; A N ~ Figure (2) L3

- Failure envelope gb[ained from cohso}idated"_undmined (c.u) tést is expressed iﬁ terms bf eﬂ'ectiv'c stresses and also total
sh'esS_ ) : i : b u

Thc shape of the failure envclopes dfﬂ“'“ in terms Uf both total and effective stresses are same. 'I'he valucs of the strength -

Prameters are slightly different in both failure envelopes. The angle of shearing re51slance for effective stress (¢. ) is greater than
of total stress. Shearing angle of resistance @) > :

The shear strength for normally cunsohdatcd clay is gwen by,
§=otan ¢,
I' ' ITh.e‘shear ‘strength for over consolidated cla_y is givén b;},‘
o S=C i+ otan by, |
¢ is also known as apparent angle of shearing resmtance for the total stress envelope

PEcTRUN ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS -
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Al

Failure Envyelope for Consolidated Drained Tests (D)

oA

 Qver Consolidated Clay

‘*'*1

Narmally Cunsulldated Clay

Flgure (@) - Figure [_hl

2 F|gure (3. : ; e _
, \ ; nsolidat q .
(a) _-The failure envelopes are obtamed from conqohdated dramcd (C D) test for a l?o_n'nal_ly_‘co ted and oe; |

\ consohdatcd clay.

_(b) The analc of shearing reSIStancc (rb ) passes through the origin and it docs have not any coheswn InT.errupt

(d) Thrcc samples are tesied and then Mohr’s circles are drawn m terms of effective stress only

j(d)’. A lanvent is drawn pass,m,, through all the cm:Ies correspondmg to failure condltlons_

(e) The shcar slrength for norrnally consolidated c]ay is givenby, . -
A= 4] tan ¢ .
(f) The shear strength for over consolidated clay is gwen by -

.

S—c +0 mn¢p [whcrcc is cohcmon mt(.n.cpt] _ ; 3.4 T .

Q21. Explam brlefly about the skempton s pore pressure T e me WRSTG oct_.Nov.-n.‘éeu. Qr(a)
Answer : : . i o T
Skempton’s Pore- Pressure Parameters

A pore pressure parameter is the dimcmmnless number t!ﬂt md;c'ltes the fractlon oftotal stress increment which exhibits |
an excess pore pressurc for no drmnage conditions.

"

‘Consider a soil mass subjected to increase in the three principal stresses ie., Acl. Asz, Ao:. This leads to the d&creasem
w}lume (AV) with. a’grqdual mcrc":su in pore pressure ofzi\u

The mc1emcnt ifl the effective stresses are g:vm as, "
Ao = AO', :
Ay =AG, —u - . R _ . .
A03 =ACy—u [y * o rtetr s peal i e, o _ : Lo

Supbosc £ éz and &, indicates the strains in all the three directions, then,
Eg, = AG] ~ll(AG} +Ac}) ay e |
E'El —. AO’{-—I_[(AG_; +Ao:l-) -

Egy =A0; —(AC| + AG3) S ' E J B =l o
E(e, +e,+¢&)=E.s, (. ep=%, +'cz+s‘)
AV ' '

Eg,=E, 7,— = A0 +A02 +ACy—p (mc2 + Ao, +Ac1 +Acs, +Ag,; +A01)

= A0 +40) +403 - n[2(Ac + Ac) +ac‘)]

Look for the SIA GROUP LoGO Q}} on the TITLE COVER before you buy
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=k 2!4) (Ac:l

ﬁ:ﬂﬂ

" By multlplymg and demg RH. S

+A0' +A0) .

by3 we get, -
AV 3= 2u (
I i ‘-—-———- Agj +Ao
Where, | , e : | 2+A0 4
T 30-2y) :
TF = C'C - Com re b
pressi 111ty ofsml mass,
BY substltutmg lhe value
e s of effectwe stresses i in terms of total stresses. we get,
; ar ; L '
Iz ‘.CCE.(A"_'I‘““‘.’_z’qA“s‘m‘f) -
[ (AU|+A02+A03) Au] | T . R -9

Ifn is the porosity, then :
A

Volume of voids (volume of pore ﬂuld) er

1fthe pore fluid (air + water) is indicated by the lmear relatmnshlp bctwecn vo]ume change and stress, then its coefficient
nf \rolume compresmblllty is represented by C,,. '

~The volume Change of pore ﬂmd AV due 10 lhe mcrement in the pore pressure Au under no dramage condition is
gwen as, St G -

P R 5§
AV, |

" As the decrease in volume of soil mass is completely due to the decrease in the volume of voids,

Equanon (3) is equa] to equanon 4).

nC, f.\"_‘ [ (Ao, + Ao, +Ac3) .au] _
‘ r?CVA.f‘ = Cg[%(ﬁcl 4:502 +663)]-;I(.CCA,;) -
nC;I,‘.ﬁuf.f’.‘?@u;.bc[%(.ﬁo‘,+:I302__I+Ac3)] - - - '
i Au(nC, + CC)-,: Cc[':li‘(ﬁdi."’-’iﬁzu‘"ﬂﬁsj] o

CC[%(Acl'-{-AUZ + ACF.\)]

: Au ="y, +Cc
l I ' y A . . : I ’ ’
" —(Ac +A02+A°'J)] . ' e (5
“ v ‘3." = _{‘_(ZV %y [ ] " e : ©)
. £ CC . > . = - . .
PECTRN ALLTHONE JOURNAL FOR ENGINEERING STUDENTS . T . .SIA GROUP @ -
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6.16 -

In a conventional triaxial test,

Look for the SIA GROUP 1 0G0 /"}2. on the TITLE COVER before you buy

=

I,1.

Au nCy
Cc. )
A - [ (Ac, +2403+403 "MJJJ ‘
g =
5€5+l d il
.- CC -
- ' SAU
| = -——];_—' [ (adl _A63)+ 3
L2 : s
: Ce : :
;. - " ’ . . 2 (6) .
- l' 1 g ) ﬁ l i
\ pw == Ao+ 7 (Ao Oy ;
’ { i 4PN |
Ceo . ’
150110 ic.
: Equatmn (6) is obtamed by cun51denng that soil mass 18 elastlc and I P | i
is as follows, &8
d and Chanaes in apphcd stresses _ /
The genera] expression for pore ‘water pressurc develope N : i
_i Au=B[A0'3'+A(AGI.—Ac3_)] v g i e
thfe, I o . e . -
AI and B are called as Skempton’s pore pressurc parameters. ‘ ‘
Ina undramed tnax:al lest, variation in ‘stress oceur in two dlfferent stages. - ;o "
» 1 . Increase in cell pressure ch,whnch leads to overall change in the stress i
Z . Incraasemax:al load, whlch leadx to the variation in the deviator slress:e Ac, = (Ac,—Ac,).
- 022 fﬁe following results were obtamed from a triaxial test on two soil specimens
| Sam;;Ié ~ Confining - D_eviator Stress Pore‘ water
"No. Pressure (kPa) at failure (kPa) | Pressure(kPa)
1 | 200 244 - - 55
2 300 314 107 |
Determine the shear strength ‘parameters of the soil terms of (i) total stresses i) effective
stresses. TR Loi _ i | ;
i " Oct/Nov.-16, Set-1, Q7(b)
Answer :*
Sgnihlc . Cell Pressure | Failure Deviator Failure Pore
Number (kPa) Stress (kPa) Pressure (kPa)
Sample 1 200 244 33
Sample 11 300 - 314 , 107
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| plc“h‘"“" Totnl Stress mul Effective Stress.
1 guplé-! 1
. Cell pressure, oy = 200 ‘
: Major pl:incilp.nl s.lrcsn, o) = @+ Deviator Stress A
v 2l)ll.+. 244 = 4471. kpé
"Pore pressure, 1 = 55 kl':ll .
.ﬁl'lbclivc'stl'css, a, i 0._1-" )
; 200 - 55
“ T sk |
g Major effective stress, Eﬂ =g, —u ‘
| = 444 - 55
| =389 kPa '
Sample-11 :
Cr{ll pressure, 03: = 30() kPa .
Mnjor prmclp'll stress, o) = 03+ Deviator Stress -
3 =300 1-311 ; o
B =614 kPa i
Pore water pr;:ssur'é. u =107 kPa v
Effective stress, O, ‘ = Gyt )
=300~ 107
': - 193 kPa. -
Major clfcctivc ;stl'éss. a_, _-'-‘G,"I: '.
Bl 107 -
' =507 kPa )
Table of all calculations of total stress and effective stress,
r Sample No g, o, v o, . ':T:,
: | 200 | 444 | 55 s | 389
) 300 2 |07 | 193 | s07 '
;i__‘?mtlu ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS SIA GROUP «
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Q23. The following results v.;ere obtaine

0

—

504

341

..M.m
]
E o
(7]
oL
ao
D =
£
no .
°=
o o
» E
2z
e P
2T
82
oL
pe
ES
[« T}
L e
5D
o
Lt
or
2
¢ 2
o ® =
o 5 0
£ a
= -
2% |o
=€ o
nme . 3
-
- 0
a ’ "
© a
-

192

Determine the values of shear

Confining pressure (o,), KPa

>
@
. O
=]
| >
O m
w O
(=1

Deviator stress (o,), KPa

Look for the SIA GROUP LoGO Q}- on the TITLE COVER before you buy
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[7-6 Shear Strength of Soils - 6.19
D mll
VAl &
—— ! p!wﬂ ‘ o _ )
e S.N : i .
4 9 | Confining pressure (c,) (KPa) | Deviator stress (c,) (KPa) .
1 ‘L . .
| . 150 _ _ - 192
- ! 2 ; 300 - _J P 341
3'. ' : © 450 . 504
.« Major principal stresses are, - s
(150 +192) =342 Kpa | j
OB, o b D i Tl g s te 0 TR LT
(450+504)=_954Kpa. Wk i’ 15 L o2
} Andy‘llcal Method - . T VR
Average of major prmc:pal stresses 18, 0, = 645.67 KPa _
Average of confining pressure, 6, =300 KPa - -
: ‘We know that, - ’
- (Ul '63)’,2_ . : )
Sln ¢ (U; +ﬂ3—_),"2 . Fosd = ' : : .
i | g0t o L e A
sin ¢ = | 645 67 +300
! ; 2
 osing=0366 ¢ .. .
L Y =210 t g :
o, =0y Ny +2C [N { (r Ny=tan? (45°+912)
645.67 =300 x 2.117+2 x C x 1.455 ;
SR b L
; s C =% - 3.63
C =363 _
024 Tha followmg data reldte to a triaxial compression test performed on a soil sample, .
Test No. [Cell pressure (o5), KPa Maximum deviator stress (crd) KPa
- 1 - 80 : 175 -
2 © 150 . 240
“-3. M0 300 . .
: ‘Determine the shear parameters such as cohesion and dngle of internal fnction from the -!bbve data
_ ' using the relation of o, and cs,
Answer ; _ Model Paper-1i, Q7(b)
IstNo,1 * S L 5 e g ; . . . ' i
Given that; - ' _ il L '. L ; - y ;
ens’ Total and effective.axial stress at failure, 03 =o;=80 KN/m?
nen: ; 5
s OF Maximum Deviator Stress, 0, = 175 kN/m®
o,=0/'=0;+ 04
- =80+175 ' . _ _ |
I '-255](me1 ) ' - . : ("
g ecram ALLAN-ONE JOURNAL FOR ENGINEERING SavETS SIA GROUP @; ;
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e e | o GEOTECHNICAL ENGINEERING-1 [JNTU-KAKyy Ay

‘d
| . Usmg-me relationship of o, and oy, we gel, ; t et ik ' ., ' )

t Ol=¢] tanz'l:45+%’] +2C’ tan [45+ ]

255 =80 tan? [45+¢ ] +2C"tan [45+ ] -

Gwen that .
Total and effective conﬁmng stress g!_ o, = 150 kN/m? i s
Maxnmum deviator stress, o, = 240 ka'm2 e

e

Test No.2

Br

W o — ) e - i

o =o' = ety o . e e,
S1S04+240 1, .o vEa

G, =390 kN/m? LS
Using the relation of 6, and o, we get,

! -I . ; ' i Gi. = 0 tanI:45+q;]+2C|tan [45+£:|
390 = 150 tan? [45 +%-] +2C’ tan [454;%

- By solving equatmn (1) and (2), i.e., equation (1) equauon (2) we get

:

|
3
il
¥
|

—_
—

_.|' —135 =70 Iﬂn‘“|:45+2] i o = \'- I ‘-..(3
R el ) - . ‘ 1.928 =tan? [45+—2-] - S g B * : : ges g ER
{ N ) - )  tan [4_5+%]=l.-3'8é- ' s ) R =
ta'n“(l.388)=45+q;: EET N L e+
’ 54.228 = 45 + %
¢ =1845 - ok
Substituting the value of ‘¢” in ‘equation (1), we get;
: "5 ’ T 0
S0 255 =80 tan? [45+“3_;‘,5__] +2€‘Lanl[ +13';5 ]
255 =154.08+2C' x13878 . sy 5 N o
.100.92 =2.775 C’ FEH Rasdar, Rl Lo v Lagie T
. -100.92 :
© 2775
. C'=236.36 KN/m? : : L RS
Qz2s. The followmg results were obtained from a direct shear testona sandy clay samp!e '
Normal laod (N) | Shear load proving ring readlng (divisions)
360. - 13
720 19
1080 ' 26
1440 - 26

Look for the SIA GROUP LoGo Q} on the TITLE COVER before you buy
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{T-6 Shear Strength of Spj : _ NA =~ : Fo 6.21

_ P |
G- Ifthe S|‘|l1 r'box is 60 mm square and the proving ring constant is 20 N per ¢iv ston; e ¢ where the
strang: str::;a"-‘e;ers of the soil. Would failure occur on a plane within this soil at a point whoi= =
norme $ Is 320 KN/m? and the corresponding shear stress is 138 kN/m?? _ ¥, it ol
wwr 3 v ' od_m?v,.w. set-Z.. Qr(b) |
Given that, 0 |
: Sizcofsh'carbox=60mm,<60,hm . ) ,' ; _ - . ' 4 ’ . |
: . . : ' k ' 2 SR |
Hormnl Lclmd ™) | Proving Ring . Normal Stress (kN/m?) Shear Stress (kN/m ) T
' i Daily Reading. | -~ ° ; : sl 4 | |£i
0. ' T T ; - s - : y fit
350, ' B - 360/[(0.06) x 1000] = 100" | (13X 20)/[(0.06)2 > 1000] =72.2 s i
2 CaL 19 200 ] ; 1056 ° . , - ; | J
: 1,089 A . 26 - 300 ' - 5 1444 It
= - . . ; % ¢ = [ : |
4,440 32 400 50 e 1777 "]]
400 : 1 o | 1
C =34 kN/m? .. 1| _]
50 $=20° | |
S 320 : . v i 3
] | i
T_E 240 . 5 - . i ;
3 g - - ‘ ' y il 3
: ' & 160 = : : " - o ' [
: , Log (320, 138) - _ 23 ity
3 ety 1 P e L« 11 - - iR
Voo . ' - RO _—a L : TRk
- ih : AR K0 80 160..240 320 400 480 560 640 g (i
3 : i ; - Normal stress, kN/m? - _ . 4 it
[ — : il 4
RS y i A | il
The shear stresses are plotted a long y-axis and the normal §trcsscs-are'ploned on x-axis as shown in graph. The straight 'i i 1
lne s formed by joining the plotted points. The shear strength parameters obtained are, . , f} [ §
; : a ] ' 5
) ¥ - i ) ; _ . .. 4 r
c=34Nm? ¢=20° . 2 W " sl ' : . [Hes
" The sneés-sidte 1: = 138 kN/m?, o, = 320 kN/m? point under the failure envelope and thus do not cause any failure. '
@6 ' The following are the results of four drained direct shear test on a normally consolidated clay. Diameter -
of the specimen = 50 mm, thickness of the sample is 25 mm. - ' .
Test Number -1 |2 |3 |4
"_-_'___-___.—_ -
Normal force (N) | 250 | 400 500 | 550
e T 3
Shearforceat | 439 | 222 | 279 | 308
. | failure (N) ) '
D(.;sw .a 'gr;aph for the shear stress at failure against the Inormal stress and determine the drained shear
. strength parameters from the graph.. . e -

J 4 _ ApriUlMay-13, éet-z Qs(b)
"“‘t_‘lp ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS — SIA ‘GROUP @
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Answer :

Graph of Shear Stress

——- _Norrr\él force; N

At

L Shcar forcc faﬂure

Graph
I £ . . \ - : = ’ .. —-
Stress l’arameters . _ - | %
Dram(.d Shear ters from the graph A . 2 ‘ 5

The dralncd shear-strength parame graph such as ¢’ and ‘e’ are given as:47° and 10 KN/m?
b= 47° , _ . ‘ .

. = 10 kKN/m”. _ | - |
andc=1 |

3 on the TITLE COVER before you by
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_’027 The following cl Y o !
shear test. iy
= 2 b 18l |
fa'::ﬁz:rsirclleaz?:m Angle of internal friction = 20°, cohesion =.8 kN/m?. Represent the data y i
e compute the prlnclpal stresses and the direction of the principal planes. ] _ i l
wer : . ) . . (ApriliMay-13, Set-3, Qs | Model Paper- LQ7(b)) e
Given that, L T B AR T i 1{
Normal pressure, o, =20 kNr‘mZ . : : fr 58 T v { ::li
: - ) " ' : (R G z F vl
Tangential pressure = 16 kN/m? . S . i ' _ v I i! !
“Angle of internal friction, ¢ = 20° £ - : i
Cohesion, ¢ = 8 kN/m? - o 5 Y ooy 2w 35 S - T !‘.‘-
Analﬁl“l Calculatmn o A e RO E = YT ) g C e LT ‘.'.:E
o= Oy +2 e Tl I N R e ’ S A
b c qu, .. 2 o pho o | 3 ok , Il
N, = tan*(45 + ¢/2) Iy T Y R S I - :
e —tan2(45+20f2)’|.- 2 ' : : ¥ SRR | (T
=tan’(55°) - T : _ i s P M il
N=204 o AR R _ N b
O~ 204°b+"><8><tan55° o | e BB wae L gan SRR |
. o= 204o 22880 T et L b e o, G F (1) RIlER
Non"nal pressure, 6, = o c05255°+c sin?55° R S s : . ‘ - . J
| ' 20=0330,+0670, ' : | 4 Al
Snlvmg equauon'i(l) and (2), we gct i b o e B 4 ‘ oo i ‘i;
o, -2040,=22850 - ', o S e T R .!’;-‘;
o, +2.036, = 60.60 D1v1deequatmn (2)w1th033 & Tak T R, _ L | b !
407%*3775 - . % AR - - |l
cs,,_9271<wm lll
3 - ; i
; Substimting o, value in equation (2), we get, b _ : . ) 41
20=0.33 0, +6.210 o T A L, ™ 5y Yoy i
L 0330,=13.789 _ Aol = 1 5 L i
o, =4175kN/m? . A T 2 iy R W s if
: |i
4
it &
. :
,‘3
o
< g =475 I
— ' ‘ ERING STUDENTS 'SIA GROUP {3
PECTRGM ALLIN-ONE JOURNAL FOR ENGINEERING STEDET .. 3 w %,k OUP &% ,
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i

Constructmn Steps . - - il . .

‘(1  The cohesion and-angle of intemnal friction are given. So, the strength e“VEIOPe fg'is l:) Z:V elope fg -
(i) With respect to origin the coordinates of point ‘@’ are (20, 16) is located on the'strengt B

(iii).  With respect to /" draw a perpendicular line that meets x-axis at ‘c’ which denotes ‘dcl
(iv) . . With ‘ca” as radius and taking ‘c’ as centre draw the Mohr’s circle.

(v)  According to the analytical calculations obtained plot the values. : .
(vi)  Here ‘oa’and ‘ob’ represents principal stresses i.e., 6, = 9.2 kN/m” and o, = 42 a5 k:me
(vii)  With the help of protractor measure the angle ‘bed’ and it is found to be I 10°. i 1
(viii) Here 55° (Clockwise) is inclined to major prmcxpal plane and 35° (counter clockmse) to minor principa plahc Of the

shear, ; PR

—__.
Q28. In a direct shear test on a specimen of clean dry sand, a normal stress of 180 kPa was applied apg

' failure occurred at a shear stress of 100 kPa.-Determine analytically the 3"93“; Of:hee:tf:gszhf:zimance
_the principal stresses during fallure, and directions of the p!’inmpa| plapes:witire p rection .

-of the plane of shearing.
Answer : . . ? i

Given that, - : _ ‘ ik . . ,
Normal stress, o = 180 kN/m?* ' T e, ‘
* Shear stress, t = 100 kN/m? '
© (1) According to Coulomb’s law, we have ;= ¢ +o tan¢o

Thefefore, 100 0+ 180 tand} or tan¢ = ]{]0!1 80 =0.556
Hence, -

¢ =tan’! (0.556) =29.07°
(i) ~ Principal Stresses

Oct /Nov_-18, Set4, Q'r{b]

1

The major prificipal stress 5, = o + m —180°+ W =350.004 kN/m? | :
fh . pe b o 100 . - - 100 o
€ minor principal stress o; = 180 — tan (@5 + 29.07/2). 180 -7 7 = 127.17 kN/m?-

* (iii) «~The minor pnnc:lpal Q-plane makes an angle [45 — (¢/2)] in the anticlockwise direction with the plane of shearing, i. c.,45

—29.07/2 = 30.465. The major principal plane makes an angle-[45 + (¢/2)] in the clockwise direction with the
i.¢., 45 + (29.07/2) = 59.53°,

shown in figure below.

plane of shearing,
The dlrecuon of the major and minor prmc1pa| planes with reference.to the plane of shearing are;

3
S 400 |
© 350 4+ 0 T
300 +
250 4+ ) =
200 + |
o ; . E“\r_a\(}?e _ - il
(100, 180)° Foilur _ o
100 f-====mmmeem oo F ) Failure plane . .
' ~ : Pole (P)
=.29 07° E Mino’r rncl al pld ; Maj(?r principal

0.465° 39.53 lane
Illilil-lllg'sj 3

. 1
0 30 60 90 120 150 180 210 240 270 300 330 360 390
fe— 0, = 127.17 kKN/m2 —» |

150 +

* Shear stress (kN/m?)

50 1

L o} =350.004 KN/m?

j
Normal stress (o) kN/m? —5.

Yy .

4

Figure: Mohr's Circle for Dirﬁct Shear Test

- ¥ - ____-'d 4
Look for the SIA GROUP LOGO 5 on the TITLE COVER hefrs e o) :
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Z NIT:6 Shear Strength of Soijjs -

73 The flowing test re{ (/s ¥ oWt¥inecH

pimensions of the  sample is 6 cm x ;ém oy r:cgs ear tést. Coffip
Nommal stress tkglemt2) [ 03 | o4 | o5 | 06 | 07
‘Shear | \ < : : s
oTea od o) 785 | 1046 | 13.08 | 1570 | 18.30

mw_er? I

The normal and shear stresses on the failur
- Results obtained from the graph are 4 fo
| ‘Cohesion intercept, C = (e, ;

e plane is plorfcd-on a graph.
llbWS, SR .

Angle of shear resistance, b= 44n W

Aoy chesc. -

—

0. A cylindrical specimen of
compression test. The failu
angle of internal friction of the soll.

I““wzr s
" Given that, o z
Axial stress, o, = 150 KPa = 150 kN/m*

a saturated soil fails undar an axial stress of 150 kpa in an unconfined

f
\

Jg!e of failure plane, 6 =55 _ | o
PECTRUM AL ONE JOURNAL FOR suamsznmu STUDENTS A GRO_UP | @ | |
2 o

LY

re plane makes angle of 55° with the horizont_él._CaIculate the cohesionand:

-

yos

]

T

e S e
————
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e —

The ci le ax
| fallure plane ang]e with respect to the plane on whlch the major princip

8= 45°+¢32 :
55° :=4$°.+¢f2- g Cagl, | f -
10___.@2 - . ,
=
Therefore Angle of iﬁtemal friction is, ¢= 20°
We know that, - :
o, = G3N¢+2C\(—(G3—0) | :
_ ISOkNImZ °+2CF o
; '_ . But,N -—tanz (45°+¢f2)
N, = tan? (45° +10°), I[_-',_- $=20°] |
.'—Nq, =tan 55° - L
N tan255°
Subsnutmg J— in equation (1),
Weget )
. 150=2C(tan55?) .- -

VLT 150 (an s5Y)

75 '
P g B '
C 1.428 52. 52 kN,fm

Thérefore. the cohesion, C = 52.52 kl\!fml. )
Graphlcal Solutlon - A o
. This problem can also be done in graphlcal method
. 1 Amal stl‘ess and shear stress is plorted onagraph in ‘x” and ‘y’ axis respecﬁ\féll} :
Take sualablescalconthegraph as‘OA‘ o .. L. e _ g

2
3. WIlh 04 as dlamcter draw Moh: s. cm:le : .
4

Takc ¢ B’ as the centre of OA and draw an arc, wh.'r .:nersect x-axus at O“and ‘4

'Takc angle ABC as 2 % 55° = 110° a.m:l cut the cu‘cle at'point C‘

'
s

ent passmg “'“'0“8]1 the Pm“t ‘C’ a“d "“‘BTSCC‘ y-axis at some point,.which éwes the value of -cohw nd
. , ue i

6. = Drawatang
152,52 kN/m? . 3
‘7. The angle of ﬁ-lcuon is then detennined with the horizamal as 20° |
Values obtained from graphical method and a“a')'“cal method match. equall}’ :
___._/ ROUP LOGO s ik W
ok for the SIA G on-the TITL . 5P
Lo @ E COVER before yoU buy !
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" Sy 6.27

Shear Suess -

L0
O

o[' s

R0 808 Vo 1o e 145 '-

~

Axial Stress — .

" Graph

1. A series of box she " ; . £ .
& -presented in below :l;b(laerea of box = 36 cm?) tests were conducted on a soil sample. For the results
estimate the cohesion and angle of internal friction of soil | -

* [Normal load (N} 90 180 | 270 | e, ¥ e 4
 |shear load (N) 70 190 | 117 | A Baes
Answar. ! ' 3

Gﬁe'qr load (N)

g -. ' . (0-‘.I Je tg. &) 0 WO O g UG R M dg ?En"m _
— - - M;mgllwd (;\r) Y i
| 'GT#P!‘ e '
From graph, ' W :
Cohension ofséil C=46N - , e e i .‘: S ELEL ' ._

k___l"_\ﬂglc Of internal friction, ¢ = 14. 5°. _ ‘
02, The following results were obtained in a shear box test Determlne the angle of shearlng re$lstance

. and cohesion intercept, - ' ' _ e
{Normal stress.(kPa)| 100 20'? 300_' : ' i e :
~ Shear stress (kPa) | 130 _ Lk _ , — L T W
PECTRUM GLL1N-ONE JOURNAL FOR ENGINEERING STUDENTS ———————————————— _5|A.GROUPQ§-
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graPh

The n :
ormal and shear stresses on the failure planc are Plomd ouks

C'

The in
lercept for the shear stress axis under cohcswn is given by
clmﬂﬂon ot oo

ure envelope plotted with the o,

¢ th.e angle of sheﬂﬂng resistance is obtained from the angle °f1
stress axls -

Results Obtamed from the Bl‘aph are as follows,

.Cohesion mtercept, C=74xPa

Apgle of shém- resistance, ¢ = 29°

Mevmad shc&: : ,K"ﬂ_—" 1

Graph

[

Q33. Given the following data from a consolidated undrained. test with pore water pressure measurement
datermlne the total and effective determine the total and effective stress parameters g

o3 99 kN/m2 | 201 kN/m?

(o, —o3) | 155 kNIm? | 197 kN/m?

uy 58 kN/m2 [ 138 kN/mZ. | :
dninad Nov.-15, Set-a,gfﬁ
Given values'are, ‘ "R
o, gokN/m? | 201KNMY?
(0,-53) 155 kN/m? | 197KN/m?
U 58 KN/m? 138 KN/m?

(a) Calculation Of Total Stresses

o,= 99 KN/m? (From given)
—oc )= 155 kN/m? (From gwen) ‘ _ . |

Gl _
" iR * Look fDl‘ the SIA GROUP Loco @ on the TITLE COVER ‘before you b y |
. . u

~
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°"““"°“‘WW°-W g1 rtukMatenms—CG m

—155+U
1—155+99 : . o oo R i
G, =254 kKN/m? ' co - . | o I L. 5 %

o;' =201 kKN/m?, then ; '
_ c'é201+197=393m;m2' 3 e e TR '
fb)_ Cnlculatlon Ol‘ Effective Stresses |

= 58 KN/im? g Um1skNm e
G_s ~-88 5 =201'-138.. | '
o3 =41 kKN/m? S5 =63 KN/m?
op =254-58 . - G, =398~138" ‘
o, =196 KN/m? -G, =260 kam? |

; GT“P"“"“ Pm‘-‘e'il“ﬂ! For Determlnmg Total and Effeetwe Stress Parameters

Step:1 Take scale 1 urllt =20 kN/m? on both x and y axes.

Step:2 Let x—axis rcpresents the normal stress in kam2 and y-axis represents the shear stress in I(I‘\Lf'm2 ;
Step.3 ‘Take the average of 5, and r:r and consider rt as a origin pomt .

Step:4 Wlth the help of compass, draw a sem1c1rcle on normal st:ess ie x—axns w1th average of o, and o, as origin (represented by
3 dark line 1 in graph). :

Step:5 Similar procedure is repeated for 03 and crl

: Step‘ﬁ Now draw the lme in such a way that the lme should touch both the semrcu‘c!es (represented by dark stralght Ime)
| Step:7 The value of ‘C’ is equal to the line touchmg on the y-axis which are obtained from graph.[Refer Q36]
Step:8 The value of ¢v’ is equal to the stralght lme making angle wnh the horizontal axis which are obtained from graph
Sfep 9 The parameters of total stresses are determmed
Step: 10 The parameters of the effective slresses ie C and ¢' can also be-determined using the above similar procedure.

‘ Step: 11 Hiricé the parameters of total stresses and effective stresses are calculated and showed in graph

Q34. Given the followmg data from a'consolidated undrained test with pore water pressure measurement,
determine the total and effective stress parameters:

o 100 KN/m? |~ 200 KN/m?
3 _ ‘
(o, o3) 150 KN/m?2 192 KN/m?
1 s P
u 60 KNm? 140 KN/m2,
. . ’ ! s - :
Answer : : ' : - L ' e ; "ﬂf-15. Set-1, Q7(c)
Given that,
o5 100 kN/m? 200KN.m?
i . :
2
(0,-ay); 50 kN/m? 192KN/m
2 140 KN/m?
U -60 KN:’rrr . . |
SPECTRUN ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS SIA GROUP @
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(a) Calculation Of Total Stresses

NEERING-I [UN1U™nmse=eny g

EOTECHNICAL ENG

—

o= 100 kN/m? (From given) ...(1) R
(0,-03)= 1‘50 {N/m? (From given) @) .
. Sub'equ_ation(l)ia(Z) weget ) e
o, =150+0," e ) ] e w e o, B
6, =150+ 100 o L
-250KN!m2
Srrmlarly
. oy =200 KNa’m then

o= 200+192 392wam

. (D) Calculehon Of Efl'ectwe Stresses & e ' i g & wi
' ‘Uf—ﬁﬂKNlmz R A 140Kme | i ‘
o3 =100=60" S OO, T s b i el SRR
- Z40KNMm? "= 60KN/m? : | T £ '
G, =250-60 o 392140 s R et s Ui g8
‘=190 KN/m? — 252KN/m? : : _. 4 : CE T e S

' Graphreal Procedure For. Determmmg Total and Eﬂ'eetrve Stress Parameters E

Step: 1 Take scale 1 unit = 20KN/m? on both x and y axes.

=%

" Step: 2 Let x—axrs represents the normal stress in KN!m’and y—axls represents, the- shear stress mKNIm:’-

Step 3 Take the average of o, and o, and consrder itasa orlgm pornt

Step:4 With the help of compass, draw a semlcu'cle on normal stress i.e x—axis w1th average of o, and G, as origin (represented by
' drak line in graph). - N : : s ; : ‘ .

_ Step:S Slmrlar procedure is repeated for 03 and. ':r1
‘Step:6 Now draw the lme in sucha way that the lme should touch both the semrclrcles (represented by drak straréht line) -
Step 7 The value of C’ is equal to the line touching on the y-axis wl'uch are: obtamed from graph [Refer Q36 graph] -

" Step:8 The value of ¢, is equal to 1he strarght line rnakmg angle with the horizontal axis whrch are obtamed from graph

; Step 9 The parameters of total stresses are deterrmned - '

Step: 10 The parameters of the eﬂ'ectwe stresses i.e C‘ and ¢' can also be determmed using the abnve srrmlar procedure

Al

Step: 11. Hence the parameters of total stresses and eﬂ'ectwe stresses are ealculated and showed in graph

R

Q35. Given the following data from a consolidated undrained test with pore water pressure measuremenf, .
determine the total and effective stress parameters: _ i

-

o3 | 100kN/m? . 200kN/m?
y, (o1-03) 157kN/m? 199kN/m? -
u, | 57 kNIim? 136 kN/m? P

Look for the SIA GROUP LOGO Q} on the TITLE COVER before you buy

Scanned by CamScanner

& : 2 : ~ Nov.s, Set—Z.QT(d_-?-;'

1




UNIT-6_Shear Strength of g - 2w 4 6.31 -
" er @ : . - Y
Gi"m values are,"

. T — ,..
S T

(0~ 93y), 157 kN/m?' :

U

|
—

(') Calculntion OfTotal Stresseg

s 100’ kN.’lTl (F[‘om Elven}

'S?KN}mz 136 KN/m2 ' b T C el e % !
——— ] g § N ; i . . . . ) N l
e & 1)
G “3)f" 157 KN/m? (Fromgwen) i o 1 - ¥ S Praen, P "':.(2).

' Sub, equatron( 1 in (2) we gel '

C19KN/m? | - . s o | ' o

= T

=157+, - B R Tt L

-=1s7+1oo " B et s o AN i o S 7 |

=257 K.me2

Silnilarly S e Ry e PO R e T e R ey S e S .-

200KN;’]‘1‘12 then = y _ -y - ' . N . ' '.ln

o, = 200 + 199 = 399Kme2

(b)°" Calculation OF Effectwe Stresses

srxm..z . UeDeKNmT e " ]
|

0_3-5100-57 . & =200-136

05 = 43KN/m? o =64KNm? " T

ST ASY T S A3 [ L e i T | |

5, =200KN/m* . G =263KN/m’ A I Nk ool i
Graphlcal Procedure For Determlnmg Total and El‘fectwe Stress Psrameters ‘ - Rt : : i;
Step: 1 Take scale I unit = ZOKNlm on both x and y axes ‘ " FEL DRI K S
Step:2 Let x-axis represents the normal stress in KN/m? and y-axis represents the shcar stress in KN/m?. ' -
'Step 3 Take the average of o, and 0-3 and constdcr 1t as a orrgm porm : '
Step:4 With the help of compass, draw a semicircle on normal stress i e x—axns w:th average of g, and o, as origin (repmsmtcd by
c"““’”‘mgmph).'__..,._ . . A

Step:5 Similar procedure is repeated for cland o} * _
Step:6 Now draw the line in such a way that the line should touch both the semrclrcles (represented by drak strarght lme)

Step: 7 Thc value of C’ is equal to the lmc touching on the y—axls which are obtained from graph. [Refer Q6 o ;

e makmg angle with the horrzontal axis which are obtained from graph . °
; _

-

$t¢p:8 The value of * ¢ is equal to the strai ght lin
rmined.

4,

Sep: 9 The parameters of total stresses are dete
sieC and ¢ can also be determined using the above srmilar procedure :

Sep: 10 The parameters of the effective stresse
nd eﬂ'ectwe stresses are calculated and showed in graph. 2 S

Ste rs of total stresscs a
~---ll.l_l_H‘”“:e the paramete

PECTRON qLLin-onE mmmwl'm""“"""“ -' ————_——SIA GRoUP

TR L - s . \/
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- Q36. Given the following data from a consolidated undrained test with pore water pressufe measurgmm
determine the total and effective stress parameters: :

o3 - | 100 kN/m? 200 kN/m? . L '
(oy-oy) | 156kN/m2 | 198 kN/m? J
u; 58 kN/m? 138 kN/m?'
P B o P ) T el s B P N;o§.-1s,g'.t4l.m@)
Given values are, | '
R T 100 kN/m? | . 200 kN/m?
(0,-0y) [ 156kN/m? - 198 KN/m?
'uf ' S8 kN/m? 138 kKN/m?
. . (a) Calculation l;lf -'I‘dfal Stresses - - |
. Oy 100'l-cN;f1:'r_12 (From 'giQen) ? -. . P F ey 2 B ' - (1)
. (01703)f=iS6kam2(Fro_mgiv_¢n) # ; _- i : ' | : '-_ i -*-(2) |

Substitute equation (1) in (i), we get,
o, = 156 + o, -

o, =156 +100 -

o, =256 KN/m?. -
Similary,
. o) =200 KN/m, then ; ‘

) =200+ 198 =398 kN/m?

-

'(®) ' Calculation 'o-r‘E:ffe'ctive"Str'es:s:e'sl
u=58 kﬁ@? 4= 138 KN/im?
c_‘;=l.1_oo—ss -0 =200-138
0, =42 Ik-Nx!n?l | I_ " _- 0_3=62 kN/m?
G, =25-58 o =I.398 . Ilsé

G, =198kNm? . . O, =260 kN/m?

, " Look for the SIA GROUP LOGO Q;So'n the TITLE COVER "before you'buy
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UﬁIT-G Shear Strengwyovsw -J ntu kM a te ri a |S . CO m | 633 :

tal and Effective Stress Parameters

-g To

Graphical Procedure for Determ

Step 1

2

" Take scale 1 unit = 20 KN/m

Step 2

or both x and y axes. ,

axis represents the shear stress in kN/m?.

and y

ka‘m.1

' Let x-axis represents the normal stress in

Step 3

and consider it as 2 origin point.

Take the average of o, and 0,

“Sia Gﬁoup,@.'

JNG STUDENTS -

R ENGINEER

—

SPECTRUM ALL-IN-ONE JOURNAL FO
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JNTU-KAKINAD, 1
| B

Step 4

With the help of compass, draw a semicircle on norma

by drak line in graph).
. Step5 .
Similar procedure is repeated for 6 and O . '

Step 6

A}

Now draw the line in such a way that the line should t

#

Step 7
. Tl_lc value of 'C” is ecjﬁal io thel li
Step8 . . |
" The valie of ‘¢’ is equal to the str.ﬁght_ line making
Step 9 - | e 5
‘The parameters of tots;l strésses are _detérmihed;. ' s

Step 10 . . *, .

_ The parslm;eteljs of tlhe'_cﬁ'ecti've stresse
parameter of effective stresses are,

C'=22and ¢ =30

Step 11

Hence, the parameters bof

IntukMarberi st

ne touching on the y-axis je C=48. .

angle with the horizontal axis i.e,
s i.e., C'ﬁnd ¢' on also be determined using the abo

total stresses and effective stresses

; i with average of o and o, as ongin (repmseme
| stress i.e., X-axis : 20 _ enteq

ouch both the scmibirclcs (represent by drak straight !ine)-

-f

o=11°

ve similar procedure. The

are calculated and showed in graph.

urement have been performed on three samples of a |

Q37. Undrained triaxlal with pore pressure meas
particular soll, after consolidation to different cell pressures. What information (strength parameters)
can be obtained from the results given below? ;
Cell Prassul_ré Fallure Deviator - Failure Pore
(kPa) | Stress (kPa) Pressure (kPa)
24 31 12
48 .76 . 18
72 104 30. .
Answer : | May/June-14, Set-1, Q80
Cell Pressure | Fallure Deviator | Failure Pore
(kPa) _ Stress (kPa) |Pressure (kPa)
Sample | .24 31 . 12
Sample Il 48 76 18
| sample 111 72 104 30 &
____.-’_
S e * —— AL T AR kol simis b “i’
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Calculating Total SW
ang

| .Sample-I W W

Cell préssﬁ_re, o, _ ’ 4-'

ajor Principle Stress, O1= 0, + Devj tor S
y : : lator Stress*
- 24 +31=
Pore Pressure, i = |5 kPa ”

EﬁectIVe Stl‘ess 03 Moo

3TU

; | =24_1y .
. v e
‘Major effective stress, G, = g. _ 4,
_ et i) o
=55_12

Sample-II : s
Cell pressure, o, % '48
Maj inci S T S
. 4JOT principle stress, o, = &, + Deviator Stress -
=BT
f =124 " -
-~ Pore water pressure, u = 18 |
- Effective stress, G = iyl ,
=48-18
=30
g s Majof'éﬂ‘ectwe stress, O, 'g]_'.;_;
Syt =128 -i18
=110
Sample-III
Cell pressure - A 72 :
Major principle strcss, G, =03+ Dcv1ator Stress
S BT —72+104
. =176
" Pore water pressure, u = 30
Effective stress, 03 = (03— #)
' . =72-30
=42
Ma, ~r effective stress, 0, =(G| +“)
' | =176 +30

= 206

== e OR ENQINEERING STUDENTS

—SIA G
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‘SampleN o | V|7 _
: ple.o g, ‘1 —-—‘____,_,..--
- : i Lol
' % .55. 2 N,
1 . i
| 2 48 o | 8| P
R A 0

I el e Vsl “rpe T ey i
/OII.IIIIIII
20 40 60 80 100 120 140 160 180

Effective Stress

C = 30 KN/m? o L R g T T

Q38. Given the following data from a consolidated undrained test with pore water pressure measurement,
determine the total and effective stress paramaters

o3 99 kN/m2 | 201 kN/m?

(o1 - o3) [155 kN/m2| 197 kNim? '

U, 58 kN/m? | 138 kN/m2. | -
Anéu;er : :

s Give;*n values are oo Now-1E; Seb3. 010
g, 99 kN/m? | 201KN/m? &
(0,-0;) 155 kN/m? 197KN/m?
uy SSKN/m? | 138 KN/m?

(a) Calculation Of Total Stresses
0,= 99 kN/m? iFrom given) s ®
(o, cr,)/= 155 kNr‘mz (From given) ., . (i

, Qf
T — T
Scanned by CamScanner
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6, = 254 kN/m?

Gi'=201‘kN-"'m2,then_ n . ‘ b . : . - .

Gl.-=201+‘197l=jggwfmz-.‘ Ryl anitogil Sk . . r-_
0 Calculation,()f Eﬂ‘ecrive Stresses R
| Bl Uy=136 kN/m?
| o =99 AR N B S
| s Oy =63kN/m? - .. . . |
e L =204-08 . o) =398-138 '\
o =196 kN/m? " 5. =260 kN/m? o

Gmphical Procedure For D"'te"“‘i“ ing Tolal and Effectwe Stress Parameters

5“’-1’ 1 Take scale 1 unit = 20 kN/ m?. on both X and y axes.

Step 2 Let x—axis represents the normal stress in kam and y'-axis repre’sents the shear stress in kN/m? and y—axis represents -
‘the stare stress in szfrl:l2 . _ ‘ _ _

- Step:3 Take the average 'Z!.fcrl and o, and consrder it asaerrgm T S ‘ - o - el i

Stepid Wlth the heIp of compass, draw a semi circle on norma

I stress ie X—axis with average of o, and o, as origin (represented by
dark line in graph) Wbt :

i ; ¥ ' Fiar ]

Step‘S Su'nilar precedure is repealed for 03 and 1

i_ . Step: 6 Now draw the lme in sueh a way that the line should touch both the semrcrrcles (represented by dark slrarght lme)
| ~ Step: 7 The val ue of C’is equal to the line touchmg on the y—axm wh rch are obtamed from graph.[Refer set-4 ,7(b)]
' Step: 8 The value of ¢ ¢ is equal to the straight line making angle w:th the horizontal ; axis which are obtam from graph-
Step' 9 The paramcters of total stresses are delermmed v
Step: 10 The parameters of the effective stresses ie C‘ and ¢' can aleo be determmed using the above srmrlar pmcedm-c

_ Step 1¥ Hence the parameters of total stresses ancl effective stresses are ealeulated and showed in graph

Q38, Explaln the llmltatlons of shear box test

Amme“ e e A UL . e . Nov.-15, Set-2, Q7(a) M[4]

For answer refer Unit-VI, Q3, Tople Dlsadvantages of dlrecl sheer test.

———

Q39. Name different lab shear tests on soils.

. » . : * v o® - )
Answer : - . . S :

Nov.-15, Set-2, Q7(b) M[4)

For answer refer Umt-VI Ql.
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6.2 sTRess - sTRAIN BEHAVIOUR OF SANDS ~CRITICAL VOID RATIO = STRESS _.47\%

| L. ihadi BEHAVIOUR OF CLAYS - SHEAR STRENGTH DETERMINATION ﬁ
| - Q41. Explain the shear characteristics of sand? . e

\: . . ) . ) ; . chuov.-ﬂ, Set 3, QT[.] |
h . _ . OR _ : G . 3

l . Explain briefly the shearing strength of the sands. , iR L .
i Answer : - ' 5 u ' ' Mode! Paper4; qp

il - _ ~ The shearing sh-ength of soil is defined as the resistance oﬁfered to the shear stresses and shear deformation By

I.-  For cohesion less soils, shear strength rely upon the angle of internal friction ‘¢°, which itself dcpenc!s upon m
factors including normal pressure on the failure plane, : : T

the soj|.
1Y Ot

2 . The outcomé of the shear tests will be affected by the type of stresses Epnsidered (total stresses or effective Stressey)
3. Itisalso affected by the type of tests such as direct shear or triaxial compression tests. -
. 4 Under the influence of different normal stresses, number of soil samples are tested and for each stl'ilessttrain‘q',meiI
-« drawn, which shows the behaviour of sample under each normal stress. . ‘-
3. Butonlythe effective stresses are capable of activating the shear strength. - el
TJK S ' ! L T’j"' -
i _ 5 | L 8 LAl i R
; > 5 S=o0 tanp 5 5 1
{ E . g _ ;
o) oo et 0 =0,
- -l
ﬁ- a _ SR 1
Normal stress—» . = iy Shearing strain ) .
s 5 - Figure(y : 5. !

_ Thenormal stress versus shearing strength diagram provides the coloumb strength envelop, which isa straight line passing
through the origin and making an angle ¢ with the normal stress axis. ; S - '35

In case of dry cohesion less soils, the maximum shear strength values are assumed to pass through oﬁgi.n which is obtained
by failure envelope of ultimate shear strength, SR E . i

In case of saturated soils, it is similar as cohesionless soils only if the plot is in terms of effective stresses. ¢

In case of dense sands the value-of ¢ will be Iérger‘ than that of ultimate shear strength values, o e
. Case (i) : Failure Envelope For Moist Sand . & i

i

~ Failure envelope " -

Shearing strength

C = apparent cohesion

Normal stress. * e R o
 Figure (2 . o 5 o o
In case of moist sand, the failure envelope is a straight line but does not passes through the origin. It makes an intercepto® | -

shear strength axis, which is termed as apparent cohesion. The value of angle of internal friction is obtained by drawing Mob’®
circles. ’ vl
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TA
‘Mohr envelope
(common tangent)
# - | I 6/
05— BEEREERNEY,

g ' Figure @
th '
Iwe!o;: p azsc;:s;;t;l Satu;lated soil, under drained tnaxtal compression tests the results are similar but, the line or the fallure
g gh the origin making an angle of friction 9. No apparent cohesion is observed in this test.  ~

Case (iii) : Fa'l"re Envelope For Saturated Sand (Undrained Test) . ' : |
3 T A o . )

A 4

Fa |]ure envelcpe | ‘ ' '

Apparent

cohesion’ _L

.

03 : G! 0-] 1

z} )
: : . ¢ Flgure 4 - ‘ : <
The fallure envelope for sarurated sml under undramed triaxial tests is honzontal makmg an mtercept (C) on shearing

 strength axis. .
' The angle of internal friction in zero is this case Mohr s circ les are plotted in terms of cﬂ'cctwc stresses (G).-

Q42 Explam dllatancytest

. Answer :
Dllatancy Test : ; - : . :
Imt:ally, take a s0il sample of 5 c.c and mix it wnh water till the soil gets saturated. Place a pat of soil on the palm of hand

 and shake it hormontally by striking the soil with other hand. Now, the soil sample is squeezed between the fingers.

This process is continued till the water appears or. disappears to form a posntwe reaction. -

There are mainly three reactlons which are obserVed in dilatancy test.

l : If watcr appcars or dtsappears rapidly then the reactlon is called as quick reacnon
2 If water appears or disappears slow[y then the reaction is called as slow reacnon LI ‘

3. If the water condition does not appear to change then' no reacnon w1|1 exists.
Example : |
#  Silts and fine sands exhibits quick reaciton
& Clays exhibits slow reaction.

Q43. Explain critical void ratio.

Answer : '
S Critical void ratio is defined as the void ratio at which there is no change in sand with an increase in strain. The properties
of change in volume rely upon different factors such as shapc. gram sizé, principal stresses, prcwous stress history and more

- importantly density index.
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. _ % iw i et R : _"\
The representation of shear strain versus void ratio are shown below.in the graph, _ |
: Critical void ratio(e,,) .- °
Initially loose , / . o
i sang
' Void ratio -
: ' Initially dense
sand
_ T
. ) Shear strain g ) _ 3 4

L. Initially dense and loose soil sample posses similar void ratio at the larger strain-values and bqund th;; strain does po

produce any volume changes.

2. Sands, which have critical valﬁe greater than the initial void ratio will tend to increase _in volume during shefn-ing and
sands with critical value less than the initial void ratio will tend to decrease during shearing. iy A

3. Other than a few pairt.icle properties, critical void ratio depends upon effective no‘m_‘lal pressure or cell pressure, ;

4. Critical void ratio value is evaluated by plotting a graph between void ratio and volume change:

5. The volume at which volume change becomes zero is the critical value. o ; . :

Q44. What is liquefaction? Explain. - e A . _ '

Answer : e,

- “Liquefaction is the significant, complex and interesting problem m earthquake geotechnics.

i Liquefaction is frequently seen in loose, saturated or uncompacted soils: The sand is essential since it has capability tp
' compress when load is applied whereas, dense sands tend to dilate. . i o ,

2 Ifthe soil is saturated by water then soi] should be beneath the growth watef table, such that the water fills the gap between
the soil particles.- : s : & ' ’ T 5 5

‘3. * The soil deposit acts as a liquid and the shear strength is not always zero dﬁﬁng the earthquake. ;

4. Ifthe por_é water pr'css_urc is more, which can easily carry the applied load then it ﬁfodliccs a condition as of quick sand
condition. ’ . e : oy - ’

5.+ Liquefaction is grouped as flow liquefaction and cyc !ic:inobility. ] 7y 5 .

6. . Flow liquefaction occurs when shear stresses in the soil is more than strength of liquéﬁed soil. v ;

7. Cyclic mobility occurs when shear stresses are slightly less than liquefied shear strength of soil.

Q45. Explain briefly the shearing characteristics of clays. .

Ar_léiwer : . "y

Following are the shearing charé.cté'ristics of cléys,
(a)  Adhesion " s

(b)  Cohesion - a _ : o

The mutual attraction of two varying parts of clay mass to each other is known as cohesion (or) no-load shear strength.
Cohesion is a property of true clay. Sometimes, it is responsible for unconfined specimen strength. In clays, cohesion
differs considerably with consistency and thus, varies with both the type and condition of clay. It js a of suth
attraction among particles. S , : : .8 type

(c) Tensile Strength

Clays have the ability to develop a certain amo
failure planes gets influenced., '

(d)  Viscous Friction

!

: * .

| , " . . 2 ’ F . LIE

B - Theeflects of viscous friction are quite prominent when compared to solid friction effects. The total frictional resistance
I ' doe %

changes directly with the contact area but does notdepend on normal force. It alters with the rate of shearing or the relative
velocity of adjoining layers of fluid, - _
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-

" Explal '
046. Explain the stress-strain behaviour of cl
Answer : o Me ' T
| gtress-strain Behaviour of Clays |

The stress-strain b e . _ 2
ehaviour : i ;
of clays is a complex phenomena as the void ratio of over consoli

effective stress is less than that.of
. l n i .
Jess denser than over consolidateqd c?:;a“v consolidated clay at the same effective stress. The norma

(Oci.a;ﬂov.

The various cases of: ' . _ , o
g - i clays and thejr behaviour compared td sand is tabulated below,
.No : : _
‘ Type of Clay Behaviour

s - e
* | Over consolidated clays with a high -| Dense sand
over consolidation ratio ° S o

Over consolidated clays with low
over_consolidation ratio. '

The stress-strain behaviour ¢ '
. v : . :
T i viour of n\ozmally copsohdaled clay is identical to the stress-strain behaviour of

Medium dense se_md

g Normal Pore
L . Pressure ; water
B T TR _ . pressure
Figure: Stress strain Behaviour of Normally Consolidated Clays -
s i - ‘_ . : e ; g ) - Pore
L : it “Normal . water
: : ; FrTasue pressure
. Strain —s= _ Strain —- )
‘ @ Figure: Stress-Strain Behaviour of Over-Consolidated Clays’

-16, Set-4, G7(a) | Model Paper-lV, Q7(a)

dated clays at a particular
lly consolidated clays are

loose sands.

Q47. In an unconfined compression
‘aload of 120 N at 10% strain. Compute the shearing resis

in cross-section of the sample.
; Answer :- ,
Given that, r
Diameter' of the sample (d) =4 cm
Length of the samp]e (D =8m
Load of failure = 120N .
Strain (g) = 10% " , , ' .
Al : b " _ 3
100
=0.10
Initial area of cross, section,

b

e AU='Z"‘L‘IO'

Il- - "I =£X42
4

4n

2

‘test, a sample of sandy clay 8 cm longand 4 cm in diameter fails under
tance taking into account the effect of change

* "(Oct/Nov.-16, Set-3, Q7(v) | Model Paper-lil, Q7(b))

v Ay= 41 cm
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6.42

Area of cross section at failure,

- A
4'_(1'—5)'
. 4xn
] C(1-0.10)

F-S
A

;I

[=1
83
1

Se—m . ..,
9 .

=13.96 cm?
Axial stress at failure, - - e e e
'&I120 X9 |
0 4don
5 8.59
- By = 860 N/ecm?

Shear stress at failure = -% x86

b et
‘. s =4.3 N/em?
Mohr’s Circle - 5o
B
=2
4
by g
@ b :
. 86 .
v Normal stress Niem?

Figure: Muhr s Circle for Uncnnﬁned (:nmpressmn Tust "
Where, K

; a=b=43N/cm?

' Q48 A cylindrical specimen of saturated soil fails

" under a axial stress 150 kN/mZin an unconfined
- compression test. The failure plane makes an
angle of 52° with the horizontal. Calculate the.
cohesion and angle ofinternal friction of the soil.
Answer : Aprilmlajmls, Set-4, Q8
“ Given that, _ ' 5
150 KPa = 150 kN/mm?. .
Angle offallure plane, 6 = 52°.

Axial stress, o, =

The failure plane angle with respect to the plane on
- which the major principal axial stress acts is,

4. _as04 2
£ : . 0mast o

¢
o_ o —_—
52°=45°+ 2

.'J"-_ | L e

Answer-' s "

(IH']&LSKEEGM[JNTU KAKINADF

Angle of mtemal friction, ¢ ='14°

As, -
csN +2C {‘( o;=0)
' 150 = 0+2cl ‘
| - v
No—tan (45‘ 2]_

J_ tan 52°

150=2C tan 52°
150
C=

2x1.279

- Cohesion, C= 58.59 kN/m.

Calculate the potentlal shear strength ona
horizontal plane at a depth of 3'm below the
surface in a formation of cohesionless soijj
when the water table is at a depth of 3.5 m. The
: degree of saturation may be taken as 0.5 on tha
average. Void ratio = 0.50, grain specific g
=2.70,angle ofintemal friction = 30°. What will be the
modified value of shear strength if the water_
_table reaches the ground surface?

Q49.

-Model Pa;;er-ll. ar(e)
Given that, | ‘
Siaeciﬁc Igravity,_ G= 2.70 o |
. Degree of saturation, S=0.5 .
Void ratio, e =05 1
No;'lnal depth, =3 m
. : Angle of mtemal fnctlon, dJ 30° § o : '

Efﬁ‘cctwe unit welghl 'y is given by l_he equation,

(G~1)
(l+e)

2 e
1+0.5

i 0
1.5 '

S S1133x10

f‘—ll33kam3 . LR
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/-"" value of y at 50% saturation 5, -

(G+S.e)
T_ (1+e) Ym']’m,l..

i

_ '2.70+0.0‘5x0_5
- 1+05 x 10

295 ,
~s <10

-7 =1966%x10
y=19:667 kKN/m® ~ + *;°

Case @ . .
" When the water table is 3. S m below the surface

- Suess ata dcpth of 3 m, -_ : y
| ¢ =Y <k
& '= 1§._67 x3
= 59 KN/m?
' Sh'ea.r strerlgth ‘o qu sand,
st s%'cjgan:i:
=59 .té_u_'l' 30°
 _spx 0.577
S
Case ;(ii) |
Wh’en- water table reaches the gfoun
o=y'h |
. =11.33 xl-"3 o
= 34 kN/m? i ;
'Sh.ear strength ‘s’ of sanc?,l ' R ®
s=0 tan | . .
= 54 x tan 30°

=134 x0.577

d su:'fac;e,- effective stress at 3 m dpp;h,

TS 62 KN/m’
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NALAL L]
~ofe pressure measurements were made

+ during undrained tri-axial tests on samples

of compacted fill material from an earth dam

saturating them In the laboratory. The results
were as follows, '

Property measured (kN/m?) | 1 Test | il Test
Lateral Earth Pressure ; 150 | 200
Total Vertical Pressure | 450 550
Pore Water Pressure . 3-5I " 45

Determine the apparent cohesion and the angle

of shearing resistance as referred to, -

(i) Total stress and

(ii) Effective stress.

]

’ Tés_l-l :

Test-11

Answer : v May/June-14, Set-3, 63(&:}
Lateral Earth (Total Vertical |Pore Water
Pressure Pressure Pressure
(kN/m?) " (kN/m?). (KN/m3)
Testi | 150 | a0 35
Test I 200 550 L 45

Ca Ieula't.ing Total Stress-and Effective Stress

; Later;ll earth pressure, 6, =150 _
Major principle slrt;s;s, o, =0, + Total vertical pressure _
' =150+450=600
Pore pre'lssurc, u=35 kN!n_i’_
Effective strésé, Gy =0;-u
| - =150-35
. =115
Major effective stress, G, =(o, —ir)
= GQO -35 .
=

Lateral earth pressure, o, =200

Major principle stress, o,= o, + Total vertical pressure

=200 + 550
=750

- Pore water pressure, u=45:
Effective stress, G; =03~ .

' =200-45

=155

- Major effective stress, G, = (o,—u)

Fah 8 .. =750-45
A ! ) 40 e I
' ' =705
‘Table of all calculations of total stress and effectiy,
stress, ’ b
*&
_ ” TestNo | o o, | u | 5| g
- 600 | 35 | 115 | 65
750 | 45 | 155 | 705’
300+ - Effective SI'HI
sl B " strength parameters
n 0=35°
100+ © C'=55 kN/m
A i t f J
/I 0 150 300 450 650 750
C.= 55 KN/ Effective stress
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