: - \ = .. = - ““ Y

". -_'..- f"‘ ". :

. O J 4 ; \

el e - - o x= — - ' '

z 4 B

g Sl s J A ! At ( . . \
- i A 2 -

e
#‘.,'\‘5,’-“;%3 PRt

erag

ﬂ"{ g

ast (

Includes solution of following AKTU Questioﬁ‘Pap‘érs ]

.,gﬂ_.
3 '_&!-14.




www.civilguru.net

QUANTUM SERIES

o E 4 SR e S R A R e

For
B.Tech Students of Third Year
of All Engineering Colleges Affiliated to
Dr. A.P.J. Abdul Kalam Technical University,
Uttar Pradesh, Lucknow

(Formerly Uttar Pradesh Technical University)
GEOTECHNICAL ENGINEERING

By
Rustam Ali

J AN

Quantum
— Page —

QUANTUM PAGE PVT. LTD.
Ghaziabad m New Delhi

www.civilguru.net




www.civilguru.net

PR .
jcations
ki m Page Pvt. Ltd.)

pPUBLISHED BY: Quantum P =_.”
(A Unit of @:n-m_wm,. . 4, Industrial Area,

Plot No. 59/2/1,

Sahibabad. o_summga-mo_ 010

Phone : 01204160479 Vebsite:y yww.quantumpage.co.in

. @gmail.com ¥ .
Email : pagequantumy mEEn Rohtas Nagar, Shahdara, Delhi-110032

Delhi Office : 1/6590, Eas

© ALL RIGHTS RESERVED "

y transmitte

f f this ublication may be Eﬁé&:?k or tre . ,
o ermission.

in any farm or N._w any means, without P

[nformation contained in this work is derived from sources
o .

believed to be reliable. Every effort has been made to ensure
accuracy, however neither the publisher nor .Em mﬁ:.oa
mcam:ﬂ.mm the accuracy or completeness of any information
published herein, and neither the publisher nor the authors
shall be responsible for any errors, omissions, or damages
arising out of use of this information.

_J

Geotechnical Engineering (CE ; Sem-5)

1% Edition : 2014-15

2 Edition : 2015-16

3" Edition : 2016-17

4% Edition : 2017-18

5* Edition : 2018-19

6* Edition : 2020-21 (Thoroughly Revised Edition)
7% Edition : 2021-22

Price: Rs. 125/- onli

e ——

Printed at : Mayank Enterprises, Delhi-1 10093

KCE-501 : GEOTECHNICAL ENGINEERING

UNIT-1 : ORIGIN AND CLASSIFICATION (1-1Ato1-34 A)
Preview of Geotechnical field problems in Civil Engineering, Soil formation,
transport and deposit, Soil composition, Basic definitions, Weight volume
relationships, Clay minerals, Soil structure, Index properties, sensitivity
and thixotropy, Particle size analysis, Unified and Indian standard soil
classification system.

UNIT-2 : SOIL HYDRAULICS (2-1Ato2-32 A)
Stress conditions in soil - total, effective and neutral stresses and relationships.
Permeability - Darcy's Law, hydraulic conductivity, equivalent hydraulic
conductivity in stratified soil. Seepage, flow nets, seepage calculation from a
flow net, flow nets in anisotropic soils, seepage through earth dam, capillarity,
critical hydraulic gradient and quick sand condition, uplift pressure, piping.

UNIT-3 : SOIL COMPACTION & CONSOLIDATION (3-1 Ato 3-30A)
Soil compaction, water content - dry unit weight relationships. Factors
controlling compaction. Field compaction equipment; field compaction
control; Proctor needle method. Consolidation: Primary and secondary
consolidation, Terzaghi's one dimensional theory of consolidation,
Consolidation test, Normal and Over Consolidated soils, Over Consolidation
Ratio, determination of coeffident of consolidation.

UNIT-4 : STRESS DISTRIBUTION IN SOIL (4-1At04-34 A)
Stress Distribution in soil: Elastic constants of soils and their determination,
Boussinesq equation for vertical stress, The Westergaard equation, Stress
distribution under loaded areas, Concept of pressure bulb, contact pressure.

Shear Strength: Mohr-Coulomb failure criterion, shear strength parameters
and determination; direct and tri-axial shear test: unconfined compression
test; pore pressure, Skempton's pore pressure coefficients, and Soil liquefaction.

UNIT-5 : EARTH PRESSURE & STABILITY OF SLOPES (5-1Ato5-28 A)
Earth pressure: Classical theories, Coulomb and Rankine's approaches
for frictional and c- ¢ soils, inclined backfill, Graphical methods of earth
pressure determination.
Stability of slopes - finite and infinite slopes, types of slope failure,
Culmann’s method & Method of slices, Stability number & chart, Bishop's

method.
SHORT QUESTIONS (SQ-1At0SQ-16 A)
SOLVED PAPERS (2015-16 TO 2020-21) (SP-1A to SP-23 A)
MULTIPLE CHOICE QUESTIONS (MCQ-1A to MCQ-324)

www.civilguru.net



www.civilguru.net

e, SR s ey

LNY

Origin and
Classification of Soil

Part-1

Part.2

CONTENTS

Preview of Geotechnical Field covina, 1-2A 1o 1=10A

Problems in Civil Engineering

Soil Formation,

Transport and Deposit,

Sail Composition, Basic Delinitions,
Weight-Volume Relationghips

Clay Mincralg, Soil Structure ...
Index Propertics, Sensitivity
and Thixotropy, Particle Size Analysis,
and Unified and Indian

Standard Seil Classification System

e 1-19A to 1-33A-

J/

1-1A (CE-Sem-5)
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Bawie Dofinitions, Welght-Volume Helationshipy, ., f

e e v it e

Quontionn-Anawers

eaan . e

Long Anuwer Typo iind Medium >=u<~§4 s.v%s‘a,:..:_.:mw._—_n ‘

What Is Gootechnical Engincering ? Give its une.

A.  Gootechnicol Engincering :

1. Geotechnical engineering is a part of Civil Engineering that deals with
tho study and investigation of carth materials.

2. This branch of engincering uses principles of soil and rock mechanics to
investigate and study subsurface materials and conditions.

Use : Following aro the uses of geotechnical engineering in various field :
TFoundation design and construction.

Pavement design,

Design of underground earth retaining structure.

Design of embankments and excavation,

Design of carth dams.

=

1
2,
3.
4
)

What do you understand by residual soil and

transported soil ?
OR
Differentiate between residual soil and transported soil.

S.No.| Residual Soil Transported Soil =

1. | Residual soils are soils that | Any soil that has been transported
are found at the same| from its place of origin by wind,
location where they have | water,ice or any other agency and
been formed. has been redeposited is called a
transported soil.

2. | These soils are generally | Many of these soils are loose and |
stiff and stable. soft upto a fixed depth.

www.civilguru.net
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‘Que 1.3. | Explain different types of transported soil.

‘Answer
Types of Transported Soils :
transported soil :

1. Water Transported Soils : Flo .
soil either in suspension or by rolling along the bed. .
All type of soils carried and deposited by water are known as alluvial

deposits. Deposits made in lakes are called lacustrine deposits.

2 Wind Transported Soils : Soil particles are S.mbmm.s_.nom by ...ium.m.
Soils deposited by wind are known as aeolian deposits. fommm isasilt

deposit made by wind. ]
3. Glacier-Deposited Soils : As the glaciers melt mb.a.-.mnmmm. BmﬂmE&
contained in the ice is deposited on the ground leading to formation of
glacial deposits.
4 Gravity-Deposited Soils : Soils can be transported under the mnﬂomu of
gravity. Colluvial soils, such as talus, have been deposited by the gravity.

Que 14. _ Explain the major groups of soil deposits in India.

Answer _

The soil deposits in India may be classified in the following five major
groups : -

Alluvial Deposits :

Alarge part of North India is covered with alluvial deposits.

The thickness of alluvium in the Indo-Gangetic and Brahmaputra flood
plains varies from a few metres to more than one hundred metres.
Black Cotton Soils :

Alarge part of Central India and a portion of South India is covered with
black cotton soils.

These soils are residual deposits formed from basalt or trap rocks. The
soils are quite suitable for growing cotton.

Following are the various types of

wing water carries a large quantity of

B I

e

=]

3. Lateritic Soils : Lateritic soils are formed by decomposition of rock,
removal of bases and silica, and accumulation of iron oxide and aluminium

Sn.a.m. The presence of iron oxide gives these soils the characteristics red
or pink colour.

4 Desert Soils : A large part of Rajasthan and adjoining states is covered

_«.MMMHE dunes. In this area, arid condition exists, with practically little

5. wgmm::.um Um%omzm * Marine deposits are mainly confined along a narrow
_mwmh,ﬂmw the coast. In the south-west coast of India, there are thick
sand ahove deep deposits of soft marine clays.

e ———

14 A (CE-Sem-5) Origin and Classification of Soil

Que 1.5, _ What are the three basic factors which influence the

characteristics of a transported soil ? What factors determine the
characteristics of a residual soil ?

Answer _

A. Basic Factors for Transported Soil :
Table 1.5.1. Effects of transportation on sediments.

Charac- Water -, Air Ice Gravity Organisms
teristics R L
Size Reduction through| Considerable | Considerable | Considerable | Minor abrasion
solution, little reduction grinding and | impact effects from
abrasion in impact direct organic
suspended load, transportation
some abrasion
and impact in
traction load
Shape and | Rounding of sand | High degree | Angular, Angular,
roundness| and gravel of rounding solid non-spherical
particles
Surface Sand : smooth, Impact Striated Striated
texture polished, shiny produces surfaces surfaces
o frosted .
surfaces
Sorting Considerable Very Very little No sorting Limited sorting
sorting considerable | sorting
sorting
{progressive)

B. Factors Determine the Characteristics of a Residual Soil :
Residual soils are products of chemical weathering and thus their
characteristics are dependent upon environmental factors of climate,
raw materials, parent material, topography and drainage, flow and age.

Qsa JH.aw | What do you mean by soil composition ?

Answer

1. Soil is a complex physical system consisting of different phases.

2. The term phase means any homogeneous part of the system different
from other parts of the system and separated from them by abrupt
transition,

3. Amass of soils includes accumulated solid particles or soil grains and the

void spaces existing between the particles.

4.  The void spaces may be partially or completely filled with water or some
other liquid, and those not occupied by water or any other liquid are

filled with air or some other gas.

5. The soil mass generally consist a three phase system like soil (solid),

water (liquid) and air (gas).

www.civilguru.net
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6.

o

The three constituents of a soil mass do not occupy ma_.um_.mpo spaces vw;
are blended together forming a complex material as shown in
Fig. 1.6.1(a). .

When the soil voids are completely filled with water, the g ;
being absent, the soil is said to be ‘fully saturated’ or ‘merely saturated’.

Soil grains

N2\
AR
NN
SO

(a)

aseous phase

Water around
soil grains pores

Filling up pores
between soil grains

Air in pores
between soil grains

L S

/. Solid 4
particles
or soil
grains

c.di)
Fig. 1.6.1. (a) Actual soil mass, (5) Representation of soil mass u
. - by three-phase diagram. .~ .. ~* g
ic) Two-phase diagrams for (i) Saturated soil and (i) Dry soil. |
When there is no water at all in the voids, the voids will be full of air, the
liquid phase being absent, the soil is said to be dry.
In both these cases, the soil system reduces to a two-phase system as
shown in Fig. 1.6.1(c).

:u -y soil, |

Que L.7. _ Define the basic terms which are related to soil system.

OR

Define void ratio, bulk unit weight and specific gravity.

[ AKTU 2016-17, Marks 02 |

wer

|

Lt

Following are the basic terms which are related to soil system :
Void Ratio (e) :

wﬂ.m defined as the ratio of the volume of voids to the volume of solids.
us

v

v

e =
v
For coarse-grained soils, the void ratio is generally smaller than for fine-

grained soils. For some soils, it may have a value even greater than
unty.

1-8 A (CE-Sem-5)

Origin and Classification of Soil

7.

Porosity (n) :

It is defined as the ratio of the volume of voids to the total volume of soil.
Thus

V.

Vv

The porosity of a soil cannot exceed 100 % as it would mean V, isgreater
than V, which is absurd. Porosity is also knovm as percentage voids.
Degree of Saturation (S) :

The degree of saturation (S) is the ratio of the volume of water to the
volume of voids,

n=

<

Th S= Jo
us v

Itis equal to zero when the soil is absolutely dry and 100 % when the soil

is fully saturated.

Percentage Air Voids () : It is the ratio of the volume of air to the

total volume of soil.

V.

Thus n= v

Air Content (e ) :

It is defined as the ratio of the volume of air to volume of voids.
| A

Thus Q.n = ﬂ

Both air content and the percentage air voids are zero when the soil is
saturated (V, = 0).
Water Content (w) : It is defined as the ratio of the mass of water to
the mass of solids.

The water content of some of the fine-grained soils may be even more
than 100 %, which indicates that more than 50 % of the total massis that
of water.

Bulk Unit Weight :

The bulk unit weight () is defined as the total weight per unit total
volume. Thus

w
1= ﬂ
The bulk unit weight is also known as the total unit weight (y,), or the
wet unit weight.
Dry Unit Weight (y )+ ltis defined as the weight of solids per unit total

volume. Thus
w

*mnﬂ.

www.civilguru.net
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Saturated Unit Weight (y_, ) : Itis the bulk unit weight when the soil
is fullv saturated.

9.

W,
;CM J.\.-.i = IA.\I

t Weight (y) : The submerged unit weight of the soil

10. Submerged Uni
5 f soil per unit of total volume.

is defined as the submerged weight o
W
Thus v = a.‘.
11. Specific Gravity of Solids : The specific gravity of solid particles (G) is
defined as the ratio of the mass of a given volume of solids to the mass
af an equal volume of water at 4°C. Thus, the specific gravity is given by,
[

ﬁk-
The mass density of water p, at 4°Cis 1 gm/ml, 1000 kg/m® or 1 Mg/m®.

Que 1.8, _ Derive the relationship between:

A ‘¢’ and ‘n'.
B. e.u,S,G. [ARTU 2017-18, Marks 05
C. 77 Tes @0d Y. .
D. n_ecandS.
E v,vwn,wandG.
OR
Prove that dry unit weight of soil.
1= 1 PeCte  [ARTU 2019-20, Marks 07
+ e

Answer ~

A Relationship Between ‘¢’ and ‘n’ :

1. Wekavevoidratio, e =

<= <=

and porosity, n=

c...m_ﬁ.wm. v u = Volume of voids, V, = Volume of solids, V = Total volume of
sail sample

v
n=—2=
Vit Wi
Vi-v 1
Vo oa
Y. % 1
V. V. oa

Origin and Classification of Soil

1-8 A (CE-Sem-5)
3. 1y 1= 1
e n
lte 1
e n
Porosity, n= %
l+e
B. Relationship Betweene,w, S, G:
rd \
{ a\t. \
1. Voidratio, A ¥ v =95)
V. Vv b 2 /
£ w
e= m. H‘. ..(1.8.1)
SV
2. We know th: = L. W
- Welknowthat, %, = v,’ C= 4 Vita
3. Put the above value eq. (1.8.1), we get
EYRANC (ow-e)
.Wr ‘\E ¥ g‘u ¥ b «d‘u
1
==wG
e= 3 w
Se=wG
where, S = Degree of saturation.
e = Void ratio.
w = Water content.
G = Specific gravity of soil solids.
C. Relationship Betweeny, v ¥, and Y :
1. Bulkunitweight, 7= % uﬁmﬁm
{W, = Weight of solids, W,, = Weight of waterl
w y= a\qiu + .ewE..\S )
. V,+V,
y.v.v
Vi v, V,
R =e+1
|4
. V=V (1+e)
3 - W, +W,
V.(1+e)

= ﬁw <,.‘<:. ha <:.a\=.

Vil+e)

1
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Tov. V.
v |G+ = zﬂ.r
- a.n B
Y= =
) 1+e
{ Q1r.!.4~.u/
v = | :... ~
B N
i Ifseilisdry. then
v=v. and S=0
Gy,
Y=
= 1-e
= IFsodis#lvserurated then
...H.A.m- mbnm rW"H
. - G=e_
= Li-e LR
G-¢
= =7
1-g/'= 7%
‘G-1
Vo= ..\..l.
i-e/
D. Relztion Betweenn_ e,and S:
L Werzve V=V =V +V,
2 DREEmgbrV
P A U 4
ety Ty Ty
. i W,
i=n -——=-+
LV gV
- wiv, W,
& - bn‘ = = Hro—
.\- v psr\.w\
\..\& ..\a.
=G ..(182)
Y e . e Gty
S e rnogw that
G,
—= =1l4e
o /4
5 Puvingineg (122 we get
87 1
(1 - RS 27
p_ t‘.. = HMI.«H + mwslvo ﬁ... .w.\. _ QE_
] Se 1
|b\. = o e
. lee 1+e
] - S
n = -—

m. 1-10 A (CE-Sem-5) Origin and Classification of Soil
]
m E. Relation Between y;, v, 2, w and G:
|
i 1. Water content, w= 1$~k
| A
] W WwW+W W
2. 1 =1+t _"s" "w_ T
TSN T W W,
4%
S\u =
1+w)
. W w
3. Dry unit weight, v,= —£ = ——
Y S N TP
v, = —1 L
) YRy
We know that
V=V +V,_+ V.
Dividing by V,
V. V. V
1= 242,
Vv v Vv
W, W
1=n + +
Y 1V
wW W
1- = 2o+ £
d-n)= G v
_ wW L Ja
1.V Gy,
- Wy 5t
7. G,
1Y
tong= (e 1)
- (1-n)Gy,
d 1+wG

Que 1.9. _ Discuss various field and laboratory methods of water

content determination of soils.

Answer _

, Water content of soil can be determined by any of the following method :

A. Oven Dry Method :
1

2. Inthis method, water

L

This method is a standard, laboratory method.

content is computed in following steps :

L_NTEEE A O AL TR RTINS SN TRV L T VR e
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e moisture content is to be determined is
er of weight (M)

h moist soil sample be (M,).

a temperature control oven for

ple of soil whos

1 am
Moist & ty contain

placedin an emp :
Let the weight of container wi "
The container with moist soilis placed Int

. rature of 110 £5 °C.
drying at the ﬁoauwro <and drying is require for 4 hours and for clays

quire for 12-16 hours.
iner with dry soil is noted (M,).

For inorganic m.oa li
and silt drying s re
After drying weight of cont&
And o,

C O My-Ms 00
Water content, w = M.~ M, X

Sand Bath Method :
This is a field method for determination of water content.

A sand bath is large open vessel containing sand filled to a depth of 5 cm

or EOﬂm
The soil is taken ina tray. It is crumbled. A few pieces of white paper are

also kept on the sample.
Mass of wet sample is obtained by weighing the tray.

The tray is then placed cn sand bath.

The sand bath is heated over a stove.

During heating, the sample is turned with a palette knife. QOverheating
of soil should be avoided. The white paper turns brown when c<9&mmsnm

oceurs.
When drying is complete, the tray is removed, cooled and im_mgmm

The water content is determined by,

M,
w= ml x100 %
Alcohol Method :
The sample is broken, crumbled and taken in an evaporating dish.
The mass of wet sample is taken (M V-
The sample is then mixed with alcohol. :
About one millilitre of alcohol is added for every gram of soil.

The alcohol is then ignited. The mixture is turned with spatula when
ignition is taken place,

g%_. the aleohol is burnt away completely, the dish is allowed o noo_
and mass of dry soil is obtajned (M,).

Water content is found out, ag follows :

[
i
|
{
|
|

1-12 A (CE-Sem-5)
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=g

©@ o =

w = (M, -M,M, x 100.
This method cannot be used if the soil contains large proportion of
organic matter, gypsum and any other calcareous materials.
Calcium Carbide Method :
This method can be used in the field and in the laboratory too.
The instrument used is known as rapid moisture tester.

This method makes use of fact that when water reacts with calcium
carbide, acetylene gas is generated.

The acetylene gas produced exerts pressure and it is recorded in the dial
gauge attached to the moisture tester.

The soil sample of 6 grams is taken in nrm test cylinder containing
calcium carbide.

The soil sample is required to be ground and pulverized.

The quantity of gas produced is indicated on the dial gauge in terms of
pressure.

From the calibrated scale of pressure gauge, the moisture content based
on total massis determined.

 The water content (w) based on dry mass is calculated as,

W
= [ |x100%
w .Too-ix °

where, W = Weight of sample.

‘Que H..LP. An oven dry soil sample of volume 250 cc weight 430 g. If

the specific gravity of solids is 2.70, what is the water content when
the soil becomes fully saturated without any change in its volume ?
What will be the water content which will fully saturate the sample
and also cause an increase in volume equal to 10 % of the original

dry volume ?

| AKTU 2017-18, Marks 05 |

1.

Given : <o_:§o of sample, < 250 e, im_mun of nmEEo = nmo gm,
Specific gravity, G=2.70 -

“To Find : Water content. ?n fully saturation 3255 mbu. &pmbwm 5

volume and i Eﬁ.mmmm 10 OE:E:W owoﬁmﬁmm 55_:5? e

We know that, Y, = bmh
430
= — =172 gm/cc
Y4 950 B

N n—w

LA T T B ST I R e

ST

2

YRS \ TR

.
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Qw, v —... = H
; e e o=k
2. And, et
1+e= a2 ‘
e =157-1=0.570r 57 %
Se = w@
3. Alsowe know that, St 1
| W= ‘\O.WRXH"Q.NHO—.M—g
2.7
i = 0=275cc
4 New volume of the soil, V=11x25
| i = 430 = 1.564 gm/cc
5 New dry unit weight, Yi = 375
Gy, 2.7x1
6. New void ratio, l+te= ..|I|._\_‘~. = ‘]H.mmmm
e=173-1=0.730r73 %
7. But Se =wG (+8=1)
0.73
New water content, w= MM =0.27or 27 %.

Que 1.11. _ A partially saturated sample from a borrow pit has a

natural moisture content of 15 % and bulk unit .immm.m-a of 1.9 g/cc.
The specific gravity of solids is 2.70. Umamun::.-m the degree of
saturation and void ratio. What will be the unit weight of the mE:,—._c

on saturation ?

Answer _ .

m?ﬁ:a_(,.ﬁn;cumnnre..uo.u.m‘Wc:n s:; Sﬁmrﬁ .< HH w mB\nn ,.
Specific gravity, G =2.7 OSSR Sl (g5 Aatisy
To Find : Degree of saturation and void ratio, Unit wei ght ofthe mEEUH
on saturation. ’ RO IR PG ALY S ;

1. We know that,

e

i
i |

_m,xn.umxh.c,
Sxe=27%015

S % e = 0,405 LIS
2. Bulk unit weight of soil jc given by, y= hQ+ .m.mvg\ ]
1+e /"
(2.7+0.405
19= | = — x1
. l+e
\ Void ratjg, e=10.634

Now, put the value of ¢ = 0.634 in cq. (1L11.1).

1-14 A (CE-Sem-6)
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= 0405
0.634
Degrece of saturation, S =63.8%.

4. Saturated weight of soil is given by,

(G+e) ﬂm.fo.muﬁl

Tout = _ .—lﬁ.fhﬂ¥ fw =

=1.638

1+0.634
Saturated unit weight, v, , = 2.04 gm/cm?

Quo 1,12, _ The specific gravity of soil solids for a given soil sample

was determined by density hottle method usin gkerosene. Following
obscrvations were recorded. Compute the specific gravity of goil
solids at test temperature which was maintained at 27°. Also report
the value at 4°C. Take specific gravi ty of kerosene at 27°C as 0,733,

[ AKTU 201819, Marks 07 |
Answer _

Given : Specific gravity of kerosene at 27°C, G, = 0.733.
Assumption : Following observations were recorded :
Mass of density bottle, M;=61.45g . :

Mass of bottle + soil, M, =82.24 g 1 o
Mass of bottle + soil + kerosene, M,=261.12¢g
Mass of bottle + kerosene, M, = 246.49 g B

. ‘To Find : Specific gravity of soil solids at27°C and 4°C.

1. Mass of s0il solids, M,;=M,-M,=8224-6145=20.79g

2. We have, M, - Rﬁuﬁ +My=M,

] gumr
M, -(M, -M)
_ 20.79x 0.733
~ 20.79 —(261.12 - 246.49)
Gypeg = 2474

3. Ifthe value of G has to be reported at 4°C, we have
« Specific gravity of water at 27°C

Specific gravity of water at 4°C

0.9965
1.000

G=

=2.474

Gyc= Gpre

= 2.474 x

=2.465
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D.mon ﬁn.?:mn

ed to consist of spherical graing all
;1 snmple assum

. i tio when the graing
. aximum void rat ; arg
. M&M.W.Eﬂzm the void ratio and dry unit weigh¢
ubical ar’ 0 KN/m®.

‘Ansiver m
, it wei ins, y = 20 kN/m®.
: ven ; Unit weight of grains, Y= 20
| %M%“a . Void ratio and dry unit weight.
mv i
f— d —>]
(b) Cubic element from simple packing

(a) Simple packing of spheres  (0J LubIE
Fig. 1.13.1!
1.

nd’
6

is

2. Hence, volume of voids = Tu - |m|g

. d°
Volume of voids _ 6
Volume of solid T&w

3. Voidratio=

: id
4 Thus, the void ratio in loosest state of packing (i.e., the maximum Vo'

ratio) = 0.91.
5. Assume, specific gravity of soil solids,
G=265
Y, = 9.81 kN/m3

The volume of the cube space is d®, and the volume of the sphere

1-16 A (CE-Sem-5) Origin and Classification of Soil
Gy, _ 2.6579.81 s
= —% = 2 """ - 1361 kN/
4= Tve = T1+0091 m

and water content of 5 %. Calculate the amount of water required to
be added to 5 m? of soil to raise the water content to 14 %. Assume the
void ratio to remain constant. Also find degree of saturation, assume

G =2.65. [ AKTU 2015-16, Marks 15|

.qumu W,EW :Eﬁ %mmmm_r y=18.5 kN/m?, Water content, w =5 %
..+ Specific gravity, G = 2.65, Volume of soil = 5 m3, Final water content = 14 %
- ' To m.mu...w. : Volume of water and Degree of saturation. -

1. Weight of soil in 5 m® volume = 18.5 x 5 = 92.5 kN

2.  Water content, w= Ve - w.
W, W-w,
W
0.05= —e ___
% 925w,
W,=4405kN
3.  When water content, w=14%
W
Q.Hﬁ = ’54
W-W,
W, = 11.36 kN

4. Required weight of water = w,-W,
= 11.36 - 4.405 = 6.955 kN

6.955

5. Volume of water, V,, = ——=0.6955m? [ v, =10 kN/m?) .

g 10
For Degree of Saturation, S :
6.  Dry unit weight of soil,

Y 18.5 vr 3
= =———=17.62kN/
Yd 1+w 1+0.05 T-62kNim
7. Also, Yg = Gy,
l+e
Gy 2.65x10
e= “-1= 220 1-0504
Yo 17.62 0
8.  We know that, Se=wG
0.05x2.65 _ 9629 = 26.3%

S=
- 0.504
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I

content of 15 % anq 8 wey

. has a water
soil specimen . : A
Que 1.15. | A s0l . TF the specific gravity of solids jg 2.9
unit weight of 25 . void ratio and the degr, c...

: it aﬁomn—u?,

ine 6—40 &-.-4 uxi vt 1 M . .
me?.—.au.—n "3—6 L =10 LN/m®. AKTU 2016-17, gsnrw—P
saturation, W= e . RRTEN '

e Yoo ! ety

Answer .

iven : Water content, w = 15 %, Wet unit weight, y =25 qu\n_u.,...:
Given : Water 0 - Unit weight of water, v, =10kN/m3____ =

Specific gravitys Q ) Nn _E Void ratio and Degree of mm_..&mﬂou. y
To Find : Dry unit weight, 1 ngand
y Nm HNH.Q#E\H«W@ .“. ..
1. Dry unit weight, ¢ = Trw ‘H+c.um. SR _ﬂ
Gy, v :
2. Now, a= 1+e- . ' Belunlt
_2.7x10 . e
21.74 = Tre
Void ratio. e= 0.24 , .
3. Degree of saturation, L=
_ w6 0.16x2.7 _ ) gag
T e 024 ey et B

Que 1.16. _ A soil sample of saturated soil has a water content of

35 % and bulk unit weight of 25 kN/m3, Determine dry density, void
ratio and specific gravity of solid particles. eﬁpmm would be the v_Em
unit weight of the same soil at the same void ratio but at a degreeo

saturation 60 %, take 1, =10 kN/m®, - _ gﬂdwou.m.“_.q. EE.WmIHml_

Answer - Flr o ey

e
i

Given : Water content, w = 35 %, Saturated: unit weightsi i

fot = 25 EN/m®, Degree of saturation, S = 60 %; Unit weight:of watefi

Tw = MOWZ\Bu d gyl :
To Find : Dry density, void ratio, and specific gravity

‘

L Saturated unit weight, Yeat = HMW)?_QAT.EV i
-w

G x10(1+ 0.35)
1+035xG
1+035G=054G
Specific gravity, G = 5.26
2. Taking, 5=1

Se=w@G

25 =

1-18 A (CE-8em-5) Origin and Clazsification of Soil

Void ratio, e=0.35x5.26=1841 )

Cry _ 526210 18.51 kN/m*

3. Dryunit weight,.. ¢, = =
Y e 1= 1 = Tr 1841
4. ' In the second case, S = 60 %

(G +Seyy,

1+e
. _ (5.26+0.60-1.841)210
r= 1+1.841

Que 1.17. _.9 mass of soil is coated with thin layer of wax, weight of

soil and wax is 690.6 gm. Soil alone has 683 gm. When this sample is
immersed in water it displaces 350 ml of water. Specific Gravity of
solids is 2.73 and that of wax 0.89. Find void ratio and degree of
saturation if water content in the soil is 17 %.

: |AKTU 2017-18, Marks 10

Bulk unit weight, v =

=224 kN/m?

Q?,m,h." Mass of soil = 683 gm, Mass of soil with wax = 690.6 gm
... Volume of displace water = 350 ml, Specific gravity of soil = 2.73
Specific gravity of wax = 0.89, Water content, w =17 %

. To Find : Void ratio and Degree of .mmmnnmman._ “

1. Mass of wax = 690.6 — 633 = 7.6 gm
2. Volume of wax = 7.60 =854 ml
0.89 x 1.0 .
3. ' Volume of soil = 350 — 8.54 = 341.46 ml
. 683
4, Bulk density, p= 222 =2 ml
" P= 34146 B/
. 2 Roey
5. Dry density, p,= —P—=— = —1.71 gm/ml .
YOSy, P = T T Tro7 Bl
6. We know that
_ Gp,
Pa l+e
2.73x1.0 )
lye= = =1.60 v p,=1gm/ml)
T TN ezl

Void ratio, e = 0.60
7. Degree of saturation,

S= WG _0.17x273 _ (2735 77350
e 0.60
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5| Saturated clay has a water content of 39.3 % and a mgq,
Que 1.15.

of 1.84. Determine the void ratio and the Specifio

[AKTU s_:w.nc.@

specific gravity

gravity of soil solids.

?mﬁ.ﬁ» _ . . A...
Given : Water content, w = 39.3 %, Mass m.vmn_.mn WESQ., .Qa. =1 m 4 ._
To Find : Void ratio, Specific gravity of soil m.o_&m‘ ) , Gt
d clay, mass specific gravity is given by,

1. Forsaturate

G = Ysat =184
i} .w-c - .
9 Saturated unit weight of soil is given by, .
Vi (G+€) _ Yeat _Gte g, Gre

Tat = Ty Yo 1+e l+e
(1.18.1)

3. Voidratioisgiven by, .

- wG_039G _g3935 (1182)

S 1
4. Fromeq.(1.18.1) and eq. (1.18.2), we get
G+0.393G :
= ————=>G=2.74676
184= T 033G~ O°

5. Fromeq.(1.18.2), we get

Joid ratio, e =0.393 x 2.74676 = 1.08

Clay Minerals, Soil Structure Index .wﬂommw.mmwv. wmawNm N.m_«.@,.
and Thixotropy, Particle Size Analysis, and Unified and India

Standard Soil Classification System. "~ .

STk

Questions-Answers

Long Answer Type and Medium Answer Typo Questions,

Que 1.19, _ What is meant by primary ‘Valence bond’ and sgecondary ,”

v , M
Whm_u.uﬂ vaH:m ? _bNgNGMQIﬂm‘ EQHWQ Q&

1-20 A (CE-Sem-b) Origin and Classification of Soil

Primary Valence Bond : Atoms bonding to atoms forming molecules
are termed as primary valence bond. These are intra-molecular bond.
Example : Ionic bonds, covalent bonds etc.

Secondary Valence Bond : When atoms in one molecule bond to
atoms of another molecule, secondary valence bonds are formed. These
are intermolecular bond.

Example : Vander Waals forces, Hydrogen bond etc.

Que H.N.o. What is a ‘silica tetrahedron’ and an ‘aluminium

octahedron’ ? How are silica sheet and alumina sheet formed ? Show
their schematic representation.

4,

Ll -~ 2

All the clay minerals are found in two fundamental building blocks :
Tetrahedron unit, and B. Octahedron unit :

Silica Tetrahedron :

Silica tetrahedron is a fundamental structural unit consists of a silicon
cation surrounded by four oxygen anions, giving it four negative charges.
Itis found in all silicate minerals.

Fig. 1.20.1(e) shows a single silica tetrahedron.

Fig. 1.20.1(d) illustrates how the oxygen atoms at the base of each
tetrahedron combine to form a sheet structure with all the tips of the
bases lying in a common plane.

(a)

»
Qand (> = oxygen ©Oand @ = Silicon

Si Si
- 51 R
Fig. 1.20.1. (a) Single silica tetrahedron. (b) Isometric view of the

i tetrahedral or mm:nm‘mwmmﬁ. (c) Symbolic mmwﬂmwummﬁcr of n:,m mﬁnm. mrmmr

The sharing of charges leaves three negative charges at the base per
tetrahedral unit.

This, along with the two negative charges at the apex, makes total of
five negative charges to four positive charges of the silicon ion. Thus,
there is a net (-1) per unit.

A symbolic representation of silica sheet is shown in Fig. 1.20.1(c).
Aluminium Octahedral :

An aluminium ion surrounded by six oxygen atoms or hydroxyl group
gives an eight sided building block termed octahedron.

www.civilguru.net
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3. It shows that the octahedral units are bound togetherin a sheet mmm.waEm ”

kaolinite, illite and montmorillonite are formed ? :

|AKTU 2017-18; Marks 05] |

Define clay minerals. Also discuss montmorillonite with neat
sketches.

Answer _ .

cal mu,_mmzc.ul:m

1-214A Aow.ws... :
")

Geotechn

ral unit has si
¢. 1.20.1(a) an

x hydroxylions at the tips of an octah i
" Fig. 1.20.1). Cdron,

An o&u&&.
m&ofg in m;—

132

) |

(a) . .
- Hydroxyl ® Aluminium, magnesium, etc,

oand ¢

cveen i
or OXyge _M E m
() Al
. ini sium) octahedron ]

s 1.20.2. (¢) Single aluminium (or magnesium) o ron
,Enﬁ%.wmomumﬂo view of the octahedral .mwmmw. Aoy.mgr&mn
representation of the octahedral or alumina (or Em‘mumm,mmmv,mwm.\

mbmﬁm.H.mo.wa:mmwoéimgm mfuvomnqmvwmmmuamﬂobcm oo_“mwo&.&“
sheet. {

5. ‘The net charge of an octahedral unit with aluminium ion is (+3), : |
6. Charge at the centre is (+1). "

Que 1.21. | [lustrate by schematic diagrams, how the clay minerals

OR

[AKTU 201819, Marks 07] |

moimum MMWEEE : The clay materials are basically composed of tiny
ysramine substance of one or more members of a small group of

minerals- i 3
m als SEBom_w known ag clay minerals. Most common clay
wmerals are given helgy, : [

Kaolinite

Kaolinite ig the mog
minerals,

1ts basie struct . . ;
ural unj : e . . A .
atoms at the centpe, t consists of gibbsite sheet @ ,,Sg .&E.BEEE._. :

:mﬂ.oms& Sm:. ‘..
1ca sh q !
the apexes of the m:w.omo MMM.WW through the unbalanced oxygen atoms ,a &

t common minerals of the kaolinite group of clay

1-22 A (CE-Sem-5)

Origin and Classification of Soil

The total thic),
ness of :
The bagje st 0f the bagic st

Fig. H.MH.HSM_QE& unit of kol

ructural units is about 7 A. ;
nite mineral is symbolized as show? T

C.
1L

Hydrogen bond

A I G = Gibbsite shect
AN H S = Silica sheet
(@) (b)
Fig. 1.21.1. Structure of kaolinite mineral,

The basic structural units of kaolinite mineral are joined together by
hydrogen bond. It develops between the oxygen atoms of silica sheet
and the hydroxyls of gibbsite sheet.

Since the hydrogen bond is fairly strong, it is extremely difficult to
separate the layers, and hence, kaolinite mineral is relatively stable.
Moreover, water cannot penetrate through the layers of the structural
units of kaolinite minerals.

Kaolinite shows relatively little swell on wetting.

China clay is almost pure kaolinite.

Montmorillonite :

Montmorillonite is the most common mineral of the montmorillonite
group of clay minerals.

Its basic structural unit consists of gibbsite sheet (G) sandwiched between
two silica sheets (S).

The gibbsite sheet may include atoms of aluminium, iron or magnesium,
or a combination of these.

_EHM total thickness of basic structural unit of montmorillonite is about
10 A.

The basic structural units of montmorillonite mineral are joined together
by a link between oxygen ions of the two silica sheets.

The link is due to natural attraction for the cations in the intervening
space and due to Vander Waal forces.

_ Water may enter between the silica sheets causing the mineral to swell.

For this reason, montmorillonite tends to expand on wetting.

104 G
+ ﬂﬁ ter molecules

G = Gibbsite sheet
(a) b

Illite s

Illite mineral is the most common mineral of the illite group of clay .

minerals.
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1-23 A (CE-Sem.g,

al Engineering

Geotechnic

milar to that of montmorillonite Mingrg)

it is si e o1
tural un antial (20 % ¥ ) substitution of silicop

e is always subst
m atoms in silica mrom».. o
en the different basic structural units ig througy
tassium (K*) ions.

¢ of illite is symbolically represented as shown iy

9. Its basic struc

except that ther

atoms by aluminiu

Also, the link betwe

non- exchangeable poté

4. Thebasic structural uni
Fig. 1.21.3(a).

./.o:.annrn:memv_m
;HEP&EE (K')ions H H
- 7)1 == Exchangeable ions N

(a) 1)) -
Fig. 1.21.3. Structure of illite mineral.”

5. The swelling of llite is more than that of kaolinite, but less than that of

montmorillonite. » .
6. Thus, the properties of illite are somewhat intermediate between those

of kaolinite and montmorillonite.

Que 1.22, _ Write short note on ¢

1. Single-grained structure.
2 Honey comb-structure.
3. Floceulated structure,

Answer *

1. Single-Grained Structure :

L ﬁauam:w:_awm toils, such as gravel and sand, are composed of bulky
graing in which the gravitational forces are more predominant than
surface forees,

WL g e .
ii. .. r: m:s_ﬁ.:s: of these soils oceurs, the particles settle under

w? \“mﬂreﬂ&_ a,a:u‘..m and take an equilibrium position as shown in
1. 1.22 May. Esch particle s in eontact with those surrounding it. The

el & » . 5 i
sl etructure 5o forrmed jo knovn as single-grained structure.

N\
2H

lye L
A ingle grained ;

triictre
icture h) Honey-comb structure

Fiy, 1.22.1.

1-24 A (CE-Sem-5) Origin and Classification of Soil

2, Honey-Comb Structure :

i, Itis possible for finc sands or silts to get deposited such that the particles
when settling develop a particle-to-particle contact that bridges over
large voids in the soil mass [Fig. 1.22.1(b)]. The particles wedge between
one another into a stable condition and form a skeleton like an arch to
carry the weight of the overlying material. The structure so formed is
known as honey-comb structure.

ii, The honey-comb structure usually develops when the particle size is
between 0.002 mm and 0.02 mm.

ili. Honey-comb structure occurs in soils having small granular particles
which have cohesion because of their fineness. Soils in honey-comb
structure are loose.

3. Flocculated Structure :

i.  Flocculated structure occursin clays. The clay particles have large surface
area and, therefore, the electrical forces are important in such soils.

ii. The clay particles have a negative charge on the surface and a positive
charge on the edges.

iii. Interparticle contact developsbetween the positively charged edges and
the negatively charged faces. This results in a flocculated structure as
shown in Fig. 1.23.2.

Flooculated structure

Que 1.23. | What is particle size analysis ? Also describe the sieve

analysis method.

Answer
Particle-Size Analysis : .

1. Particle size analysisis an analytical technique by which the distribution

of sizes in a sample of soil is measured and reported.

Percentage of different size of particles present in a given dry sample of

soil is computed by particle size analysis or mechanical analysis,

It is gencrally being carried out in two stages:

Sieve analysis. .

Sedimentation analysis/ wet mechanical analysis.

Siove Analysis @

Sieve analysis is being carried out for coarse grained particle having size

greater than 0.075 mm (756 pm),

Sieve analysis is further of two types:

i.  Coarse sieving (4.75 < d < 80 mm).

L

&

= -

=P

0
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B. Limitations: Following are the li

o

. 1-26 A AOH.wo..:.E
Geotechnical pogineering 01 (CF-Semyg)
: Ll
i Fine sieving 0075 <d <4 75 mm).
U\. ,f/,.az (done only when silt + clay is present)
. m,.émm by the size of aperture in EE. as per IS : pmolpwmm.
maémﬁma?r. ating fine grains from coarse grajns

Wet sieving s cartied o mowm%.w .wh.qm micron sieve mesh,
. washinge the soil specime ; .
by :m»Euwp“&q-r. is carried out on particles coarser than 75 microp
: s1eve FELS 150 . .
WWEH? (with fines removed) are mzmm. mum.mvmwmb .?Ho.:mr a set of
- s of descending size. The weight retained in each sieve is measureq,
M.:Mmﬂnwmharmsx.m wmmn.muﬂmmm quantities finer than the sieve sizes (passing
each civen sieve size) are then mmﬁm:ﬁEm.m. . . .
6. The resulting data is presented as a distribution curve with grain size
" lome X-axis (log scale) and percentage passing along Y-axis (arithmetic
e oS>

scslel.
Que 1.24. | Write short note on sedimentation analysis. What are

e O35

U

the limitations of Stoke’s law in sedimentation analysis ?
OR
What are the limitations in the use of Stoke’s law in sedimentation

AKTU 2015-16, Marks 10]

analvsis ?

Answer _

A Sedimentation Analysis :

L Itisbeing carried out for the particles having size less than 0.075 mm
‘fine grain particles).

2 Particles having size less than 0.0002 mm cannot be analyzed even by

sedimentation. These particles can be analyzed by electron microscope

or by X-ray diffraction.

This anzlysis is based on Stoke’s Jaw. According to Stoke’s law, velocity

of particle aE.Em settlement, that is assumed to be spherical, is dependent

tpon shape. size and mass of the particle and keeping all the other

fzcors conerant.

€

r.n

V= E
. 18p

vhere, G = Specific gravity,
M = Kinematic viscosity,

Stoke's law is applien mitations of Stoke’s law :

mmrmww_“m wmwﬂﬂ_mnnwmmoaw vhen the liquid is infinite. The presence of
¢ e results to g

In Stoke's lawr it hoe some extent,

there mmﬁ Ln_.ﬂ. Lw.wwmu been assumed that only one sphere settles, and

! ¢rence from other spheres. In the sedimentation

analysis, as many .
: 5 52 Y partic s ; :
interference. p les settle simultaneously, there is some

B S

Wil

1-26 A (CE-Sem-5) Origin and Classification of Soil

3. The sedimentation analysis cannot be used for particles larger than
0.2 mm as turbulent conditions develop and Stoke’s law is not applicable.

4. The sedimentation method is not applicable for particles smaller than
0.2p because Brownian movement takes place and the particles do not
settle as per Stoke’s law.

Que 1.25. | What is hydrometer ? Explain all the corrections which

are used in hydrometer analysis. .

Answer _

A. Hydrometer : A hydrometer is an instrument used for determining
the specific gravity of liquids. As the specific gravity of the soil suspension
depends upon the particle size, a hydrometer can be used for the particle
size analysis.

B. Correctionsin Hydrometer Analysis : Following are the corrections
applied in observed hydrometer analysis :

1. Meniscus Correction :

i Thehydrometer reading of lower meniscus is to be taken. But since the

soil suspension is opaque the reading of upper meniscus is taken instead

of lower meniscus. Because of this an error is introduced.

A correction due to meniscus (+ C, ) is then applied to the hydrometer

reading.

Temperature Correction : .

Hydrometers are calibrated at a temperature of 27°C.

In case the temperature of the suspension is different from 27°C, a

correction due to temperature (+ C,) is to be applied to the observed

. hydrometer readings.

iii. Ifthe test temperature is above the standard, the correction is added
and, if below, it is subtracted.

3. Dispersion Agent Correction :

i The correction due to rise in specific gravity of the suspension on account

** of the addition of the deflocculating/dispersing agent is called the
dispersing agent correction (C,). C, is always negative.

ii. ~The corrected hydrometer reading R_ is given by,

. R.=Ry+C, +C,-C,
where, Ry, = Observed hydrometer reading.
R, correct hydrometer reading used in the calibration graph to obtain
the effective depth H,.

B

n.w..:.n.w. u.wa. What is the use of particle size distribution curve ? With
the help of particle size distribution curve,
[ AKTU 2018-19, Marks 07 |
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:faﬁﬂw:ﬂ —
-

3 .‘ L
z..::.n_::q&\ _liw-

Yo

rse grained

Porcentage Finer (N) ——

: 1.0 10,0
Particlesize D (mm) —>

Fig. 1.26.1. .
article size distribution curve :

Uses : Following are the uses of p

- ificati _grained soils.
1 Itisueedi lassification of coarse-grainec ) :
“‘ d” M.DHMW&_HMMMMH used to know the susceptibility of a soil to frost action,
m It is required for the design of drainage filters. i mi&._-.
PR provides an index to the shear strength of the soil. Generally,

aded, compacted sand has high shear strength. . kg
3 .wmwwawoaﬁmmm&m@ of a soil can also be judged w..ouu its curve. >=E».oua
soil it more compressible than awell-graded soil.
6 Itis useful in soil stabilization and for the design of pavements. i
7. It may indicate the mode of deposition of a soil. For .mNEE&m. a gap
graded <oil indicates deposition by two different agencies.

Que 1.27. _ Data from the grain size analysis for a soil i

bhelow. .
| L
iDiameterinmm | 20 | 1.4 | 0.600 | 0.425 | 0.250 EE

_

Percentage Finer | 100 | 94 68 54 30 H‘ !

A Plot p.rm grain size distribution curve for this soil.
B. Classify the gojl.

C. Calculate C,and C_value for the soil.

s tabulated |

1-28 A (CE-Sem-5)

Answer _

A.  Grain size Distribution Curve : It is shown in Fig. 1.27.1.
B. Classification of Soil ;
1. Itisacoarse grained (sand) soil, since only 4 % passes through 75 um.
2. As agreater percentage of coarse fraction passes through 2 mm sieve,
goil is sand. .
C. Calculation for C, and C_:
1. From the grain size curve (Fig. 1.28.1),
Dy,=0.1,D,,=0.25 and D, = 0.5
Coefficient of uniformity,

Origin and Classification of Soil

o

3. Coefficient of curvature,

=2
C.= Dy 025 1.25
Dy xDyy  05x0.1

s e : =
RS Sas e s e e e e
s s S e e e
= e 10055 e e e
£100 =
T . 3 s
2805 = am,m = B
. T 68 ===
R e e == =
60 o o4 FEE et =g
e e heee e e
Mho ..Jl_ = H .- e peIne nlv.i””
e 4 303 S
S o0H= = X s
e e ==
e e =
i e 0. B 0. 0 Efs 0,00 15
e e s Diameter (mm) ZEE

Fig. 1.27.1, Grain size distribution curve,

Que 1.28. | A soil sample has 97 % of the particles (by weight) finer

than 1 mm, 58 % finer than 0.1 mm, 25 %% finer than 0.01 mm and
12 % finer than 0.001 mm. Draw the grain size distribution curve and
determine the following :

Percentages of gravel, coarse sand, medium sand, fine sand and silt
as per IS soil classification system. Also determine C, and C_.
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- 1-20A «G—m.m—m-:.a_
Epgneertnb T

—

tor of Grain (m1m

{Diame
| Percentage Finer

|percentage THRET____|

¢ . ’ m.mﬂhw m- coarse 8 —
am g1ze ist :Uﬁn—cz curve ~N- [4] 3

S Aw ve
-_,:& m_—ﬁ -n::b h Awm—& n - ’ _uumn*:_

Given: 97 H8 25

|

ToFind:Gr

cand, fine sand

Py interpolation,

Table 1.28.1.

0.1 | 0.075 | 0.01{ 0,001
72.083 | 58 [34.416| 25 | ‘o

Percentage Finer

,r|l\|I\\||\|.|\|\|M...& mm)=0%

4.

Percentage of gravel (>
Percentage of coarse san
Percentage of medium san

d(4.75mm-2.0mm)=0%
d (2 mm — 0.425 mm) = 97 % — 72,083 g,

mmw%w\ﬁhnﬁ of fine sand (0.4256 mm - 0.075 mm) = 72.083 ¢
_34.416% = 37.667%
Nerdenage ¢ilt (< 0.075 mm) = 34.416 % .
M “w.ﬁo“ﬁ,mmﬂwmmbﬁ e of Dy, Doy and Dgy by interpolation from table, 1.28.1
Effective size of soil, D, = 0.00099 mm

D,,=0.146 mm

D,,= 0.0445mm
Iniformity coefficient,

¢ = Do 0146 _ 547475
“ Dy, 0.00099
Coefficient of curvature,

2 2
(D) 0.0445°  _ 1.

€= Doy Dy~ 0.1460.00099 ~ 7

Quc 1.29. | Write short note on thixotropy of clay.

1.

2.

2]

When naturally formed clays are remoulded, their original clay moﬁ_s»:no
iz devtroyed and they loge their strength. e
The:loss of strength of a soil due to remoulding is partly due to %.m:nm g
the: toil structure and partly due to disturbance caused to water mojecules
in the ahsorbed Jayer,

Some of these changes are reversihle, T

If a remoulded soil is allowed to stand, without loss of water, it may
regain some of its lost strength R

1-30 A (CE-8em-5) Origin and Classification of Soil

6. Insoil engineering, the gain in strength of the soil with passage of time
after it has been remoulded is called thixotropy.

A
j\? (Undisturbed)
B /]
k2
g| £
@\ E
K S S A
44 (Remoulded) _
~ Time, T
: -Fig.1.29.1.

6. Itis mainly due to a gradual reorientation of molecules of water in the
adsorbed water layer and due to reestablishment of chemical equilibrium.

Que ﬁ.wc What is plasticity index and how will you classify, the

SENEE e RN

soil with the help of plasticity chart ? Also write the equation of the
‘A Line’ in this plasticity chart.

A. Plasticity Index : It is the range of water content over which the soil
remains in the plastic state. It is equal to the difference between the
liquid limit and plastic limit.

Thus, I,=W,-W,

B. Classification of m%bm Grained Soils :

1. The plasticity index and the liquid limit can be used to classify fine-

grained soil via plasticity chart shown in Fig. 1.30.1.
>
g=

b 2% !High
“an L w © a 1 Plasticity
60 Plasticity " =& ! u,\
T T &
50 + I )
i
40 T ! ;
Ip (%) ! d
& 304 1/
| &7
g 207 S
m.m 10 + o I |
5 ' i
[ ! !
0 m i ! —
10 20 35 50
Liquid limit, Wy, (%)

g TH0.LT

o o A il U

www.civilguru.net



;

W%Tnmmm L SBALE T e e . e~

WWW.CIV

1-31A(CE.

J/wo/n:@

1.30.1 separates gilts from clays.

S

- .q] Engincering
Qa::i::ﬁ: Enginct! ring B
e e

. % m 1 Hu._ " - - R
o Theline L:.:_”m.ﬁéq_m. {he liquid limit (LL) of a griven soil mopngmsa:;
3. Inthe n_:.n»“n_._,.n are classified on the bases of LL as »...s:oim :
plasticity Soils Tasticity clays ::.?i-no::z.omm__:_.;.i.
i LL< MMP, wws,wv Zo&cm:.i asticity clays (ot 5&:578338:35_5
i, 39 < LL SO

silts). clays for high-compressibility siltg,

i sh-plasticity gl g .
i, LL>50= mumw_w,__“wﬂ_b of a natural soil with an in-situ moisture Conte

. | jquidity i X AN\U. Qm?—.—ﬁ. d as
we can use the u_n.r:&;.f :ZwO
FN\ = .ﬁh

. - L and therefore LI <0
1e averconsolidated clays, w <PL ! »and thy
5. For ooy O e nonplastic (.e.,brittle); if0SLI<1(ie., PL<w< )
HM Mm ‘< in its plastic state; and if LT > 1 e, w > LL), the soil s ini

liquid state.

Que 131 _ The liquid limit of clay is 64 % and its plastic limit is 34 .

What is the liquidity index of the s0il ? Hoy
the IS classification ?

_M.mmﬂ.d '2019-20; Marks (7]

¥

Its natural water is %m.n\..a.
do you classify the soil as per

Answer _ -

Given : Liquid Eﬁn E =64 @»Emmao.ﬁ.nmmﬁ a.,.wh 4%,
content, w =48 % _ RS

To Find : Liquidity index and Classify. the soilii )
Plasticity index, =Wy~ W, = 64%—34%=30%

2. Liquidity index is given by,

bd

b\u E chouE xHocn»m.qua.
1 30
3. Onthe basis of liquid limit (64 %). A-line is given by, ’ X
Ip=0.73 (w, - 20) = 0.73 (64 -20) = 32,12 @ >30 ;
Hence, Atterberglimit plot below A-line. Therefore soil is organic clayd
medium to high plasticity.

Que 1.32. _ The plastic limit of soils is 24 % and its plasticity index!

. 7%
8 %. When the soil is dried from its state of plastic limit, the voluz}

@ﬁ&mum
otl
tio

change is 26 % of its volume of plastic limit. The corresP
volume change from liquid limit to dry state is 35 % of its volU™
liguid limit. Determine the shrinkage limit and the shrinkage”

. i

AKTU 501810, MarksZJ

1-32A (CE-Sem-5)

Origin and Clazsification of Soil

Answer
Given t Plasticlimit, w, = 24 %, Plasticity index, w\. =8%
Volume change at liquid limit = 35 % :
Volume change at plastic limit = 26 %

To Find : Shrinkage limit and Shrinkage ratio.

A
Vi v
Vp=08784V, oo e
4 i 0.35 V,
- 10.26 V
V,=Vg=065V,|C B LY__lp
!
_ i
1 e
! 1 8%
I 1
!
! ET“ wy
wg 2% 32%

Fig 1554
1. Liquidlimit,w; =24%+8%=32%
2. Dryvolume, V;=V,=V,; -0.35V, =0.65 Vi
V,=Vp=026V,=0.74V,

3. From eq. (1.19.1) and eq. (1.19.2), we get

: 0.65
. ] , HN@ = g <h = O.mqmﬁ ﬁ\n.
4.. AABD and AAFE are similar,

BD _FE _032-0.24
AD ~ AE 0.1216V,

.(1.32.1)
.-(1.322)

. BD=—2%_ L0357, -02302=23.02%
S 0.1216V,
5. Shrinkage limit, wg = w, —BD =32 % —23.02% =8.98 %
_ 6. Shrinkage ratio, SR = W= V)V, 100
: W, - W,
_ 035V, 7065V, oo
32-8.98
SR = 2.339

Eco 1.38. | If the material of the base of the liquid limit apparatus

on which the bowl containing soil drops is made of sponge, will the
measured value of liquid limit of the soil be lower or higher than
that measured using the standard apparatus which has a base made
of hard rubber ? Discuss the result.

www.civilguru.net
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. Joss in SPONEC S COMPALE tohard rubber. Ollowy,
is w..c,_o for less liquid limit :

onsi 4 it can bear the shocks of the cup during i
s :mm A,E. face. Due to this, the soil displaces m.oa:m
rﬂ%foﬁ much liquidis E:Emzm inthat samply, |
han spongy material surface ag shocky
d soil will not move. Hence, it POSSesgy

The liquid limit
reRsons are resp ;
When hard _.:_u.~§. i
Tt will behave hike a "
lace. This will mro.: e
m.:_ chow higher liquid lim u
energy is absorbed by SPODEE
low liquid limit.
From classification curv

—

e of Atterberg, we can say 9&.‘ if the Watep

. n soil, it will behave like a Emmeo.Bwnw:m_ asin cago of
roptents® W ,M,nm_mb.armar the soil does not move, will behave as plastj, o
spongy surfa

solid soil or possesses Jess liquid limit.

—i Que 134 _ Give the grain sizerange of different soil types accordin
ue -

to IS specification.

o

'Answer ;
M#amm mmwﬂmamﬂmwm 1.34.1,in this classification the soils with particle size 4

" less than 0.002 mm are classified as clay size (or clays). 4

. o [le] w0 v

=1 ~ N =4 . =] A
es 2 § S5 8 88
Fine | Medium| Coarse | Fine | Coarse ..m .m ,

Clay Silt . — 2|73

N Sand Gravel o |4

IS Classification (IS : 1498-1970)

 Fig. 1:34.1. Particle sizé (or Gra muumm&mmmumamﬁ‘» xmw A

: B T FAR. W Ve B nﬂmmm&&w

2. Thesoils with particle size between 0.002 mm and 0.075 mm are

assilt size (or silts). ) /

The soils with particle size between 0.075 mm and 4.75 mm are n_pmm&“_

as sand size (or sand) and these are further mcw&&mmm. into z_HH .

categories as fine, medium and coarse sands as shown in Fig. 1341

4. The soils with particle size between 4.75 mm and 80 mm &mm&maﬂm
gravels which are further subdivided into two categories as fin® ==
coarse gravels as shown in Fig. 1.34.1.

5 The soilswith particle size between 80 mm and 300 mm are nﬁmﬁwum ,

v . ..
wmc__uﬁ_mw Mi ﬁromms_:_ nE.:n_n size larger than 300 mm are &mmmp

&

1-34 A (CE-Sem-b)

Origin and Classification of Soil

| VERY IMPORTANT QUESTIONS

m.&?.smah...éagn—.a;a aré very important. These questions

may be asked in your SESSTONALS, as well as -
" .. UNIVERSITY EXAMINATION. =~ -

Q.1

Q.2
AN
Q.3.

Q. 4.

What do you understand by residual soil and transported
soil ?

Refer Q. 1.2, Unit-1.

Define the basic terms which are related to soil system.
Refer Q. 1.7, Unit-1.

An oven dry soil sample of volume 250 cc weight 430 g, If the
specific gravity of solids is 2.70, what is the water content
when the soil becomes fully saturated without any change
in its volume ? What will be the water content which will
fully saturate the sample and also cause an increase in
volume equal to 10 % of the original dry volume ?

Refer Q. 1.10, Unit-1.

The specific gravity of soil solids for a given soil sample
was determined by density bottle method using kerosene.
Following ebservations were recorded. Campute the specific
gravity of soil solids at test temperature which was
maintained at 27°. Alsoreport the value at 4°C. Take specific
gravity of kerosene at.27°C as 0.733.

Refer Q. 1.12, Unit-1. ’ )
What is a ‘silica tetrahedron’ and an ‘aluminiam
octahedron’? How are silica sheet and alumina sheet
formed ? Show their schematic representation.

Refer Q. 1.21, Unit-1.

Illustrate by schematic diagrams, how the clay minerals
kaolinite, illite and montmorillonite are formed ?

Refer Q. 1.22, Unit-1.

What is the use of particle size distribution curve ? With
the help of particle size distribution curve.

Refer Q. 1.27, Unit-1.

What is plasticity index and how will you classify, the soil
with the help of plasticity chart ? Also write the equation of
the ‘A Line’ in this plasticity chart.

Refer Q. 1.31, Unit-1.

The liquid limit of clay is 64 % and its plasticlimit is 84 %. Its
natural water is 48 %. What is the liquidity index of the soil ?
How do you classify the soil as per the IS classification ?

Refer Q. 1.32, Unit-1.
©OO©
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S i o R PART-1 |

¢ mﬂgmm‘now&aoa in .u.&.ﬁﬂo“&., M\\mnmcnda& Ne : L G E.“w. ;
Relationships, Permeability-Darcy’s Law, Hydraulic Conductivity,

Soil Hydraulics

»

‘Equivalent Hydraulic, Conductivity in Stratified Soil. ' -

)

e Soil Hydraulic,

Gl 7 Questions-Answers

~—

 Long Answer Type and Medium Answer Type Questions

Define the term total stress, pore water stress and

Que 2.1,

effective stress for given soil.

. Stress Condition in soil-Tobal, -
Paret MMMMW@ and Neutral, Stresses nd
" Relationships; " . ° 2

mmnﬁmmﬁmﬁqvﬂﬁﬁ ,Hﬂ_m ;
Hydraulic Ocﬁ@ﬂn@%ﬂ
Equivalent Hydraulic, - . ',
Conductivity .in Me.ﬂw&mw@‘ 5 il

‘Answer /.

1. Total Stress: ]

i.  When a load is applied to soil, it is carried by the solid grains and the
water in the pores.

ii. The total vertical stress acting at a point below the ground surface is due

to the weight of everything that lies above, including soil, water and
surface loading.
Vertical total stress at height 2, c=v_, A
fii. Total stress thus increases with height and with unit weight.
2. Pore Water Pressure:
i  Pore water pressure (u) is the pressure due to pore water filling the
voids of the soil. Thus
u=y,h
Pore water pressure is also known as neutral pressure or neutral stress,
because it cannot resist shear stresses. .
3. Effective Stress:
i.  The effective stress (G ) at a point in the soil mass is equal to the total
stress minus the pore water pressure. Thus,
; 5 =o-u
For saturated soils, it is obtained as :
G =t b=V, == r)R=Yh
where, ¥ = Submerged unit weight.

Part-2 : Seepage, Flownets,
o Seepage Calculation’ *,
from a Flownets,

Flownets in Atiisotropi¢’ Soils

Seepage Through-Earth. Dam,

Capillarity, Critical: Hydraulic: Gradient:

and Quick Sand Condition,

/ N dwmm@‘u.u—..mmm,ﬁ‘ﬂnw?m. WUFW~ .

i

F:

LR e

Wno:b& surface. If the saturated unit weight is 18 kN/m?, compute
the total stress, pore pressure and effective stress at a depth of 5 m,
for the upward flow under a gradient of 0.5.

2-1 A (CE-Sem-5)
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Geot 2._:._?.:__ um.STL_.:;..._._\_H‘.u.I ‘1\\1\‘%.\\'1\]’}.@5.3

e

Given: Saturate
Depth of roil, H=

d :5: 5.0;."—:; ¥ont =18 _n.z}ﬂm.,

5 m, Gradient, i=0.5 ‘
<s, Pore pressure and effective stress.

To Find : Total stre
A_NY ———A
q ST IIIII g = 18KNMm®
H=5m. H”H”mmm i = 0.5 (gradient)
SEEEE
B Fig. 2.2.1:
1 Total stress at level B—B (below the 5 m depth)
o= .F,me." Hm X m = mo Hﬂ..Z.\B»
2. Total head = (H + &)
Where # is pressure head loss due to upward flow water.
. Lk
3. Gradient, i= 7

h=ixH=05x5=25
4 Pore pressure at level B, u = (H + h) y, = (5 + 2.5) x 10 = 75 kN/m?
5. Effective stress = Total stress — Pore pressure =oc—u

& =90-75 =15 kN/m?
6. Stress Distribution :

f
|

5

le—— 5 | —————p] Ft—>|
ewwwﬁz,\sm 75 kN/m? 15 kN/m? :
al stress Pore pressure  Effective stress -
‘Fig.22.2, o

e

Sarit

EA =

RS

s

Que23. _ The difference in valyeg of capillary rise for fine mw_a :

and silt was found to
0.5m.C be 4.5 m

If illary rise in fine sand ¥
ompute the differepqy the capillary rise in fine

in size of voids of the two soils-

24 A (CE-Sem-5) Soil Hydraulics

Given : Difference of capillary rise = 4.5 m,
Capillary rise in fine sand = 0.5
To Find : Difference in size of voids.

1. Let capillary rise for fine sand = & |
Capillary rise forsilt=h ,
2. According to question, b -k =4.5 « 1F cm
p o= 030
¢ d

0.5m=50¢cm
450 - 50 = 400 cm
0.30
S
0.30
50
0.30
2 H
d, = 0.30

400

7. Difference in size of void,
d-d,=6x10"?-75x10"*=525x 10 em

3. We know,

=S
Sl
[}

=6x10"%cm

=75x10"*cm

A soil profile consists of a surface layer of sand 3.5 m

thick (p = 1.65 Mg/m?), an intermediate layer of clay 3 m thick
(p = 1.95 Mg/m®) and the bottom layer of gravel 3.5 m thick
(p =1.925 Mg/m?®). The water table is at the npper surface of the clay
layer. Determine the effective pressure at various levels immediately
after placement of a surcharge load of 58.86 kN/m? to the ground

. Given:Forsandlayer:h=35m,p=165Mgh® |
| Forclaylayer:h=8m,p=195Mg/m® =~ |
 Forgravel layer:A=35m,p=1925Mg/m®

Surcharge = mw..m.mWZS,Hu. 5 s R
' To Find : Stresses at various levels

CEELNE S AL

1. AtSectionA-A: o=58.86kN/m3 u =0, g=58.86 kN/m?

2. AtSection B-B: o=58.86+3.5(1.65 x 9.81) = 115.51 kN/m?

www.civilguru.net
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Geotechnical Engmee ing

u=0 6= 115.51 kN/m?

58.86 kN/m*
(e
3.56m  Sand B £
+ BV 115.61 115 51
A :
3m & Clay C 172.9 |129.43 143.47
IMl s 2
3.5m Gravel D
LA c=238.99 u=63.77 5= 175.99
kN/m? kN/m2 kN/m2
Fig. 2.4.1.

3. At SectionC-C: o= 11551+ 3 x (1.95 x 9.81) = 172,90 kN/m?
u = 3 x 9.81 = 29.43 kN/m?
g = 172.90-29.43 = 143.47 kN/m?

4. AtSectionD-D: o=172.90 +3.5(1.925 x 9.81) = 238.99 kN/m?
u = 6.5 x 9.81 =63.77 kN/m?
G = 238.99-63.77=175.22 kN/m?.

Que 2.5, _ A granular soil deposit has 10 m depth over an

impermeable layer. The ground water table is at 5 m depth below
ground surface. The soil is moist up to 2 m from water table with
degree of saturation of 50 %. Plot the variation of to
water pressure and effective stress.

Take ¢ = 0.6 and G = 2.67.

Answer _

nmcn.b : Depth of soil deposit = 10m o 8
Specific gravity, G = 2.67, Degree of saturation, $=0,5

tal stress, pore

Void ratio, ¢ = 0.6

To Find ; Plot variation of o, u m:m m,

A Gs

A
Bommmm .
10m ulms..ul.m.cﬁ_w
S5m

D D

Fig.25.1.

TN

AT AT

Sbmac:

e

ENY™

L

T T e L e

2-6 A (CE-Sem-6)

Soil Hydraulies
1. DBulk unit weight,
4 = [G+Sey
Ine ﬁ 1re w fw
l¢, = 10 kN/m® = Unit weight of water)
2. 5706
Ty = A mqm +ooma\ 2] 110 =168.56 ki
. G+e 267+06
0 . uh v uﬁl!ll 10 = 20.44 KN/m®
Ty L ey )1 -
" Vg = Do (287210 _ 10 o) N/
l+e 1+06

4. AtLevelA-A:
c=u=6 =0

5. AtLevel B-B (Upper Side):
¢ = vh =16.69 x 3 = 50.07 kN/m?
u=0
6 = 50.07 - 0 = 50.07 kN/m?

6. AtLevel B-B (Bottom Side):
o= 16.69 x 3 = 50.07 kN/m?
u=-=2x981=-19.62 kN/m?

G = 50.07 + 19.62 = 69.69 kN/m?
7. AtLevelC-C:
o=16.69 x 3+ 2 x 18.56 = 87.19 kN/m?>
u=0
G = 87.19 - 0=87.19 kN/m*
8. AtLevelD-D:

c=3x16.69+2x 18.56 + 5 x 20.44
= 189.39 kN/m?
u=5x9.81 =49.05 kN/m?

T = 189.39 — 49.05 = 140.34 kN/m?

A o e ||||Ol.m.rd..
-19.62 )
B==1500
0 WT
Olll. llllllllllllllllll
D 189.39 49.05 14034 D

Total stress (o) Pore water pressure Effective (mﬂ.amm
....E._.u.__m.m.m_.._.ﬁ.ﬂ.g,&.am&.w%@&mﬂpz_iwﬁvﬂ@w%sw.

S e L S ittt T i rebdan o3
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. ;
ular soil deposit is 7m decep over an im pormeay,
an

Que 2.6, Agr - table is 4 m below the ground surface, The

y d watc : ith a saturation of
Inyer. The groun illary risc of 1.2 m w1 of50 ¢,
deposit hasa zone MMM.MM._ siress, pore water pressure and ﬁ.nonz‘a
Plot the variation ¢ = 0.6 and G = 2.65.

depth of deposit,
[AKTU 2019-20, Marks g7

IO

stress with the

Answer . _ o
= 7 m, Depth of water table =4 m

. : i sit = .
Ghon: Dt T T
/..oEBao.ﬁuo.m,o%EBimmuu.msl vith the d h deposit.
To Find : Plot the variation of o, u and G with the depth of deposit.

boree S e WAL

i GS A
) JOp—— IIII%._w 4m
7m OIIW.Mm_uI 4I<H,O
Hm m
D D
Fig 261
1. Bulk unit weight, o
o mQ+m¢<s
1+e
{y, = 10 kN/m3 = Unit weight of water}
e m m.mm~++c%mx o.mu %10 = 18.44 kN/m®

2. Saturate unit weight, y

G 65+0.
Eum +¢?umm 65+0 muxs

l+e 1+0.6
= 20.3125 kN/m3
3. Dryunit weight, vy, = Gy, - 2.65x10 - s
AB 1ve. 1706 16.5625 kN/m
4 AtLevelA-A:
C=u=g =(

5. AtlLevel B-B (Upper Side) :

o= 10 =16.5625 x (4 - 1.2) = 46.375 kN/m?
u=

C=46.375-0 = 4
6. AtLevel BB (Bottom Side), 270 KN/m

0= 16.5625x (4 1.9) = 46.375 kN/m?
U=-1292x% HQHIHMWZ\EN

C=46.375 - (- 12) = 58.375 kN/m?

e S s Y P Tyt S . -

2-8 A (CE-Sem-6) Soil Hydraulics

7. AtLevel C—C:
0= 165626228 +(4-1.2) x 18.44 =68.503 kN /m?2
uw=0

G = 68.503 - 0 = 68.503 kN/m?
8. AtLevelD-D:

6=(4-1.2)x16.5625 + 1.2 » 18.44 + 3 x 20.3125
= HM@.& WZ\EN
=3 x 10 = 30 kN/m?

= 129.44 - 30 = 99.44 kN/m*?

Ql ®

D 9944 D
Total stress (g} Pore water pressure (1) Effective stress (3)

Fig, 2.6.2. Variation of o, » and with the depth of dépasé
Eithi7 L (Alvalues arein kN/m, s T

L LIy 2 PR E R & L i iy P v S b lat

i.  Darcy'slawstates that there isa linear relationship between flow velocity
(v) and hydraulic gradient (i) for any given saturated soil under steady
laminar flow conditions.

e

Fig 2717

-2

ii. Iftherate of flow wm g (volume/time) through cross-sectional area(A)of

the soil mass, Darcy’s Law can be expressed as :
v=Q/A=Fki

www.civilguru.net
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sechnical Engineenh: -
- k= Coefficient of ﬁaaemgrﬁv..
where: ; = Hydraulic gradient.
Ak = Difference in total heads.

L = Lengtho
£ Eﬂ- u - - .
m the flow through soils is laminar.
) - valid for flow in cla¥s, <ilts and fine sands. In coarse sands, ——
2 M %WEMM .ﬂrhv woﬂ.Bm.q be turbulent and Darcy’s law may not by
m.uu:c\ .zm...- ]z to the valid, the relationship between velocity (v) apg
F e rradient (i)should belinear. .
afi rmmwm fne-grained soils, cuch as colloidal clay, the interstices ate
) M.HN.MMM,& The q(m«.on./a. i< therefore very small. In such soils, the Darcys
aw is not valid.

Que 2.8 _ Define permeability. Explain the laboratory methods to
find permeability coefficient.

f the soil mass.

J-&H:mmnw‘ of UE
1 Hvuh,ﬂa\.m lawis a.WH..m

OR
What are different methods for determination of the coefficient of
permeability in a laboratory ? Discuss their limitations.

[AKTU 2017-18; Marks 10]

Answer

A Permeability : It iz the property of a porous medium which permits
slow movement of free or gravitational water (or other fluids) through
iteinterconnecting voids,

B. Laboratory Methods : The coefficient of permeability of a soil can be
determined by vsing the following methods -

1  Constant Head Permeability Test :

Wi?mﬁb ”smmw tests are used for estimating the coefficient of

ermeability of coarse-grained soils of hi ili lean
| andsandgen) ghpermeability, suchas ¢

iL m"m,. 2.8.1showsthe arrangement in vhich the flow is one-dimensional

 andin downward direction, .

2 The figure also indicates the

of soil, L, aver which the head loss oceurs

. The experimenta)] dat- . ;
mC»MmMMMM.M\M\.DnnH Q.h.?u consist of measured ﬂﬂgnwﬁ% of nﬁmn?mﬂmm Q
o mervalt, under steady state conditions of flow, The head

[

head loss (h,) and the Sﬂmmvmu&bm length

loss & is also nioted,
k can be computed from the form
= 9L
h At
Q= Quantity
I, = Head 1o
A = Areg of

ula,

vihere,
of discharge in time ¢,

S over Jength ..
eross-section of soil sample.

=y

2-10 A (CE-Sem-5)
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imitations : Following are the limitations of constant head permeability

test:

Equipment expensive.

Complicated to set up and to use.

Not suitable for most sites.

Test durationlong.

Falling or Variable Head Permeability Test :

Falling-head test are used for fine-grained soils with low permeability,

such as silty or clayey fine sand, silts, and clays.

A typical set-up for falling head permeability test is shown in Fig. 2.8.2.
The water level in the stand pipe is observed from time to time.

Let A be the area of soil sample, @ the area of stand pipe and L the length
of soil sample.

If the head difference at time ¢, is 4, and at time ¢, is %, then coefficient
of permeability is calculated from the expression.

oL 3
s
At -1y oo \k,
Limitations : Test specimen cannot be consolidated to expected in-situ
effective stress.
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Stand pipe

H

IRSER RS AR

Que 2.9 _ A soil sample 90 mm high and 6000 mm? in cross-section

as subjected to a falling-head permeability test. The rmwmw fell from
500 mm to 300 mm in 1500 sec. The permeability of the soil was 2.4 x
103 mm/sec. Determine the diameter of the stand pipe.

[AKTU 2019-20, Macks 07]
Answer |

Given : Length of soil sample, L = m.o...im_.r,w A
A = 6000 mm?, &, = 500 mm, h, = 300 Tam, A¢ -
Co-efficient of permeability, & = 2.4 x 10-3 mm/sec
To Find: Diameter of stand pipe. " " . "

rea o
o

i
T
4

1. According to falling head permeability test, nomwmmo:,n of permeability is
given by,

24x103= —2%90 x_nﬁ%u
6000 x 1500 300
Area of stand pipe, a = 469.83 mm?
2. Diameter of stand pipe,

o (8)" (1xt0005)

R 14

T
= 24.458 mm

2-12 A (CE-Sem-5) Soil Hydraulics

Que 2.10. _ Give the expressions of the equivalent permeability for
horizontal and vertical flow of water in 80il medium.

Answer
A. Equivalent Permeability for Horizontal Flow of Water (Parallel
to Bedding Plane) :

1. LetZ,Z,Z, are thickness of parallel soil layers, and ko kb, k, . are
permeabilities of layers.

2. The total discharge through the deposit will be the sum of discharge
through individual layers.

9=+ Qy+....+q,

g=kiA
q, =k iA
3. &umNu\ﬂ_MN_+\w~mNn+»un.Nu+...+w-...N..

hZ=hZ +hZ,+kZ +. . kZ,

b= Mz k7, + R Z, +..k.Z,
* 2\ +Zy+2,+...2

n

f(a e
/m ky m.»n')
q

[ 2=2,+2,+2,..4+2)

-

G

N e T T e T 1S o

‘Fig. 2.10.1. Flow parailel to bedding plane.’

—s S A SN, e — T S

B. Equivalent Permeability for Vertical Flow of Water
(Perpendicular to Bedding Plane) :

1. Forflow perpendicular to bedding plane the discharge g will be same for
all layers.

2. Considering gross area of cross-section of flow, and the velocity of flow
will be same for all layers.

3. The total head loss will be sum of head losses in individual layers.

ru&_+=n+ﬁ+.,:+wa
4. iZ=iZ +iZ,+iZ,+. i 2,
v v v v v
5. —Z = — T ot —Zy+ v —2Z,
TR AR
zZ_2.%, %, 2,
e iy T Whant RIS/ . &
ke R Rk Rk k,
VA
6 k=
V4L 4 % %,
k ky ky Tk,
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3 peenng -

...é:.ﬁr:_a_:. e \\\_\3 stratification i8 much marg thay
_E...a:q hy |
tion.

- ability
- Tho perme: _r_g stratifica

" . lar
perpendict (rom oNC steatum of permeabiligy, k, e

passes » deflecti
e 2114 Flow ke If the deflection angj,
\b.m\\\._ of ?.2:3-::: z:. first stratum and the :s.M“.s

tum

another stra rface is 6, 1 X rive arel of !
Row line at the IETAEL 0 i is a, Then de ation bogy,, |

c: «ction in the second str :
deflecti
k,, k@ 800y OR fhior soil2

- o soil-
from soil-1 to an oi —ES:ma

ass .
When the flow lines m and k., they deviate from the 53&»2%

different an_.nm_m_hH_wMu these two no:m:wcdm. I, > k, and ky < k, szr
the two s011S. .
the help of neat sketches on

Find out the expression
two dissimilar soils.

[AKTU 2018:19, Marks s

interface of

Mﬂ_‘mﬂMﬂ\_ ability of the two soils be &, andk, é.w

Let the cocfficients of the perme

<hall consider separately the two cases when (i) 2, >k, and @0k Qﬁ

.»vw
A %Mmmmmmk& shows the case when the soil (1) has permeability more

than the soil (2).

—

ol
5

gl
(&)
Co

¥y
4, (Or&

s

Soil -2 Qmu
i ky>h
ou s 1 2
(a)

Fig. 2,111, Flownet | Ep :ob-uoaomgo.osm wow..a

The flow lines get deflected towards the normal after E.omm:ﬁ %

interface,
3. The phenomenon of deflection of the flow lines is somewhat mEz_E. s

o

. refraction of light rays from a sparse medium to a dense medium .:
- Leta, be the angle which the flow line makes 55 the normal i mez
and n be the angle, in soil (2). .

5. Let¢, Ea ¢, be the two equipotential lines,

2-13 A (CE.. Seny
)

for the law of deflection of flow line p¢ the

L

N e

NL 4A .O— -Sem-6) Soil Hydraulics

6. The disch: :ﬁa through the flow channel between the two flow lines in
two soils is given by,
Ay, =k, (AlAs)) An
and, Aq, =k, (AhlAs)) An,
Ior continuity of flow across the interface, the discharge through the

7.
flow channel remains the same, Therefore,
Aq, = Aq,
L, (AW/As ) An| = k, (Ah/s)) An,
k(An fhs) = klAn,/As,)
by _ R
tane, tana,
ky _ tana (211.1)
ky tana,
8. [Eq.(2.11.1) must be satisfied at the interface by every flow line crossing

it.

B. Case (ii),k, <k,:

1. Fig. 2.11.1(b) shows the case when the flow takes place from a soil of low
permeability to that of high permeability.

2. At the interface, the flow line is deflected away from the normal.
3. Using a procedure similar to that for the first case, it can be shown that
I U
tan g; tan a,
i b _ tang
k,  tana,

4. Ask,>k,theanglea,isgreater than angle @, and the flow line deflects
away from the normal.

@ﬁa 2. _,m Abed of sand consists of three horizontal layers of equal

Faserian

2 rm nr_a_nﬂmmm. The magnitude of the coefficient of permeability for both

the upper and lower layers is 4 x 10~ mm/sec and for middle layer is
'\ 6 x 10 mm/sec. What is the ratio of average permeability of bed in
- horizontal direction to that in vertical direction ?

{ AKTU 2015-16, Marks 10

S e

. Oomwmﬁca of permenbility for second layer, k= m x 102 mm/sec
. ocmmmﬁoﬁ of vm_.EmmvEQ for third layer, k&, : .» x:10~ mm/se¢

Lt }:a_x., =

Y, ,. - tovertical a:.mnSo:. e

AL ..1‘

3

Assume thickness of layers =Z
L. * Average coefficient of permeability in horizontal direction,

oF ! Q.::E OcmEGaﬁ of wm_.ﬁmmdnbnw for mamn Fu,mﬁ. .m .» x Hci BE\mmn .

To Find : Ratio of mﬁammd wanEmwgrq om —x& in to:.nouam_ &uma_uon. :
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2-16 A (CE-Sem-5) Soil Hydraulics

xZ i.  Let P(x,y) be any point on the drawdown curve. -
== Z+Z+Z = ii  The point O at the bottom of central axis of well is chosen as the origin
g of reference.
4x10% Z+6x107Z+4x10 7z iii. Applying Darcy’s law,
= 3z dy
=kA_ i =kQ2muxy)=L
N:xsfrmxs-f&ng-os =4k Y e
k= N Ty 4% = dukydy .(2.13.1)
:ent of permeability in vertical direction, . . T
2. Coefficient ofp 7 +7Z,+2, iv. Now, integrating the eq. (2.13.1), we get
= 2 2 R H
& |Nl~+|Nl~+m o;.m.nwnﬁ.v;@
\wﬂ ~¢N Wm P x h
Z+Z+2Z R (H?-h?)
= . —_— =2k — 7
\NN = N N R VA q HO@.« " 2
1100 6x107  4x10° , be— @ B
3Z ; ” . n(H*-h%) " r
k= A where, r = Radius of main well.

! N H +|H|.+[.I.§H‘
4x10*  6x107  4x10°
5 3

= = 5.98 x 10~ mm/sec
* (2500 +16.87 + 2500)
3. Now, the ratio of average permeability of bed,
k 0.02
= = =33.44
E,  598x10*

Que 2.13. _ Explain field methods to determine permeability.

[AKTU 2015-16, Marks 5|}

-Answer. ,‘
Field Methods : Followin, ; B m%,w
permeability : g are the field methods to m.mﬁmuEEE 1

Field methods

R = Radius of zero drawdown curve.
h = Depth of water in main well,

Pumping.out tests ,ﬁ:BEzw.E tests

7

For confined F ‘
{8
A aquifer " Mm.hwmwsmn Open-end tests Packer 16
Pumping. Oyt pegy ;
L P —Evmbw..

Out Test i Uneonfineq Aquifer:

{ q = Rate at which water is pumped out of well.
~ v. To avoid the use of R, an alternative method is used to measure
¢ drawdown s, and s, in two observation wells located at radial distance T,
and r, from the axis of main well.
! 1
& Observation " e R W
o | wells | [ T .
- nk s a2 Initial water table
Y SN Y | Y Y Y i il T
3 23N 4 ! Cone of depression
Nl ||
m .S “ ] wﬁuh- V&
: : I _ “
H E E h \
3 3 [ ]
3 E = ! I
i \nM m Hm . “ |
v E 5 S - :
A 1o 1EE
1B A _"
===
\ 1 vH  yEEES _

~Evmﬂ$o=m layer
Fig 101 Plnping-ut s n yeenfined aquer |

Vi, The depth of water in the two observation wells is :

h, nmwlmﬂ
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chnical Engineering A am.ms.a_

bn“&.&lhu

Geote

d.m. ZOE_ %H\I at HHN.H
y=h, 8t x=T,
(2.13.1), we get

2
viti. Therefore, integrate the ed.

a k
4 x
- QN ?j
ﬁc@ 2 =2
k= 7 log, 2
an k) n

2 Pumping-Out Testin Confined Aquifer :
i LetP(x,y) be any point on the drawdown curve.

X aL

T —
ra— | R—— __

P Initial EmNoan:n m_i_n

Un»ﬁmaﬂu 2_3

v

1
1
1
]
]
1
s ' P(x,y)
1
I
]
1
1
1
]

nnnnnannnrnn

Impervious stratum
e mr /@Eﬁ

=== |b “ Confined 35».2 . V”

||
1
}
[H]
[}
HH

mpervious stratul

Fig.213.2.p _,.ﬂav?m.c:n test Hw mmrmﬁmm maﬁmm_. {

PR 5 it st ikl

ii. The origin of reference O is chosen at the bottom of axis of mail ﬁw,ﬁ.

iii. By using Darcy’s law, g=FkA | = EmﬂS.&N

dx
e
x = 2mb hdy
v, chc. integrati h& H
e [ < omk [dy
h

TSNS AT

2-184 (CE-Sem-5) Soil Hydraulics

2nb(H - h) r
v. Alternatively, if &, and A, are the mmvzpm of water measured above
bottom i _Bumgocm mﬂ.mﬁﬁp in two observation wells located at radial

distance r;, and r, from the axis of main well, themwe can write

3
qum = 2nkb ‘w.&s
pm
n By

k=

qlog, .W = 2nbk (b, —h,)

1

.9 r
k= log, =
27 () o 7,
B. Pumping in Tests.:
1. Open-EndTest: /
i. In this method, an open end pipe is shrunk in the- medium and soil is
taken out from it.
H,
aq q P g - q
i RN

IAARARARARN

(b) ] (d)

e e e i e e r—y

m..m. 2.13.3. Oﬁmu.mmm rwmﬁm.

g T ¥ WATERA s d

ii. Cleanwater having the temperature m_._mvn_w greater than ground water
is pumped into the medium through the pipe under constant head with
the half of discharge measuring device.

k=

q
55rh
Differential head, 2 = Gravity head + Pressure head
Packer Test :
The packer tests are commonly used for pressure testing of bedrock by
using packers, but these tests can also be used for determining coefficient
of permeability of soils.
ii. For packer tests the expressions for the coefficient of permeability are :
a. If L>10r

£ po B
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L

e [RINGE

fo

s ineenng
hnx W.,wanu.l —————

Geoted
_— ¢ E
= — 1O, | —
A=Lh Belr

reL<l0r

b If .
q s o1 Il.u
k= 5oL sinf hwﬁ
> k = Difterential head.
when r = Radius of bore hole.

L = Length of the test section.

{6~

T.
FZ2N\Y

s AN\

pipe

Packer

el
{a
-
byt
"
3]

[

T

..*.“,_-_H-Ma —
Yy
\

]

s 2134 Puspiagin st - ingle and doible ket et

Que 2.14. | Discuss the factors that influence permeability of soil

=, -
et T

L i=Tminzerethe fectors affecting the ili ils :
Wnow.a.wnmm of Pore Fluid . e b
Puze rs.m. .wr-m Mm..»mxn wmw.mw 0ccupy pore spaces in a soil or rock.
i 4Mwo =l mnm 7 Proportional to the unit weight of pore fluid and
a.ou..m mmmwnwa.v M.+ tional to viscosity of pore fluid.
slncrezse 1 i
Bompe o0t IM ,mmM i the void ratig increases the area available for
: vvmm}.».b.ﬂ mm_hm OMM_MMM@MMW for critical conditions.
Enty MSQP.. btz e purities : The organic impurities and

5
i
i
N

Adsorbed Water .
“LSarsed water Menrc o sl - :
P =7 HB8ans a thin mpj - i
Emndual sl gragrs mmicroscopic film of water surrounding
Az water i nes fr

= LIree o mgy .
fLare zrd thus 6 Move and hepce reduces the effective poré

thusdecregge; .. i
HTeaseg coefficient of Permeability.

and coefficient of permeability is reduced |

2-20A (CE-Sem-5)

B.

Soil Hydraulics

Shapo of Particles : Permeability is inversely proportional to specific
surface e.g., as angular soil have more specific surface arca compared to

the round soil therefore, the soil with angular particles is less permeable
than soil of rounded particles.

| PART-2

Seepage, Flownets, Seepage Calculation from a Flownets,
Flownets in Anisotrapic Soils, Seepage Through Earth Dam,
Capillarity, Critical Hydraulic Gradient and ™~ =~
_ Quick Sand Condition, Uplift Pressure, Piping. -

o @.ﬁmmmmolm.gmnm.

Long Answer Type and Medium Answer gﬁﬂdowﬁosw ,

Que 2.15.

What is flownet ? What are the salient characteristics of

a flownet ?

‘Answer.

A .Eoﬂﬂm_n : Agrid obtained by drawing a series of equipotential lines and

stream lines is known as flownet.

Fig. 2.15.1. Portion of a flownet, |
Characteristics / Properties of Flownet : Following are the
characteristics of a flownet :
Equipotential lines and stream lines intersect each other orthogonally

in a flownet.

There can be no flow across the flow line and velocity of flow is always
perpendicular to equipotential line.

Loss of head between two equipotential lines is always same and is
termed as equipotential drop.

Area bounded between two equipotential lines and flow lines is known
as flow fields which are approximately square in isotropic medium, while
in non isotropic medium, they are approximately rectangular.

www.civilguru.net
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Ooénmnwaanmu muu_mubmﬂﬂ.bﬂ
area between two flow lines isknown as flow chanmet gy, g di
> Mr&nﬂshs each flow channel is Same: and do ?&ﬂg
Jevel are reversed on upstream WnStream sigq
6. Ifwater ﬂoﬂn dary condition, there is no changein flownet ; . M;E&
““mr MMWM:M for given set of boundary conditions. > Nowny

Que2.16. | Explain flownet- Describe its properties o, -
Que 2. Uy

ap plications.

ARTU 201990, Masiess

.w.. , @mﬂwmﬁ. and Properties : Refer Q. 2.15, Page 2-20A, 1J; nit-o,
B. Application: Flownet is :mmn to: .

1L Estimation of seepage losses from reservoir,

9. Determination of seepage pressure.

3. Uplift pressure below dams.

4. To check against the possibility of piping and many others,

Que 2.17, | How would you determine seepage by =mgnymr3u ety

Answer _

1. Let Ag be the discharge through each flow channel takin
the head ‘H’ and considering unit length of flow field in the plane
2 Ag=Av =Ayv,=Av :

=(,x1) v, = (b, x,.b v,=(b, x1) v,

g place under v

3. Total discharge,
q= EZ\ '
N, = Number of flow lines — 1
4. -
N
5. Flow net can be :mz « = Number of equipotential lines —1

ed for determinat;;
hydraulic pressure anq exit WMMM%ES. of seepage, seepage pressure,
6. Discharge is given by, Ag = hiag .

gu\mw\w@xb

For isotropic medium, =, ¢
Ag = kAh

Ag=p H

N,

= _kH
e
d d

7.

byv,=by,= bv, 2N

2-22 A (CE-Sem-5) Soil Hydraulics
N
ﬂ“ = Shape factor
Determination of Seepage Pressure at a Point :
1. .Seepage pressure (p) at a point is given by,
p,=hy,
where, h = Total head at the point = (H — nAR).

H = Total head causing flow.
n = Number of potential drops upto the peint under
consideration.
H

Ah = Potential drop per field = v
d

Dﬂmmum\. What are the properties of a flownet ? Also derive an

expression for the Laplace’s equation of continuity for the two
dimensional seepage flow.

E OR
Drive the laplace’s equation of continuity with all assumptions.

| AKTU 2016-17, Marks 10|

[ SRR

A
B
1.
2.
3.
4.
5.
6.
C
L

Assumptions made for Deriving the Laplace Equation :

The flow is two dimensional.

Water and soil are incompressible.

Soil is isotropic and homogeneous.

The soil is fully saturated.

The flow is steady, i.e., flow conditions do not change with time.
Darcy’s law is valid.

Derivation :

Let us consider an element of soil of size dx by dz through which flow is
taking place.

The third dimension along Y-axisis large. For convenience, it istaken as

unity.
3. Let the velocity at the inlet and outlet face be v_and ma. xt

N

ov,
&

£

-0
X-direction andv,and T~+ Mm £

Rnu in Z-direction.

4. Asthe flowis steady and the soil isincompressible, the discharge entering,

the element is equal to that leaving the element.

&Nw&a

ov ov,
5. Thus, vdz+v,dx= h<u+ man &umw+h§+ .

ﬁm<a+m<uu&a&uno
o 0z

B G
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Fig. 2.18.1. Two-dimensional noﬁ..w

i
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Tre minus sign indicates

rom Derev’s law,
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ALt

ik iz fras
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) 9] ;2
q.:a..?m?:r - W. . \ f =
, ixt Y
Fay 125y, iz the
,P\C.Sﬁ.:.mbnw :Z.. ]

00ty e,

izt
.—.mw..hmqku
aplae. .
Vit Riven by
=~ hh
k.w;..ﬁa.mc:x \.\0

“Yuation jp g,
Yuation jy

e continuity equation for two-dimensiona] flow.
totzl head at any point. The horizonta] and vertjca]
he hydraulic gradient are, ,

cZ
that the head decreases in the direction of

..{2.18.2)

rms of head 4,
Teprisented in terms of velocity

| B L T AT IS 7108 Mo "Bl a P ary

R e T

e

PO AT

2-24 A (CE-Sem-5) Soil Hydraulics
29 v o= ch
az ‘ Jz
15. Substituting the values of v and v, ineq. (2.18.1), we get
2
P P _ _ .(2.18.3)
x* ot

16. Eq.(2.18.3)isthe Laplace equation in terms of velocity potential.
Que 2,19, _ What are the assumption and limitations of Dupuits’s

theory ? . | AKTU 2018-19, Marks 07 |

Assumptions ; Following are the assumptions of Dupuits’s theory :
The flow is laminar and Darcy’s law is valid.

The soil mass is isotropic and homogeneous.

The well penetrates the entire thickness of aquifer.

The flow is steady.

The coefficient of permeability remains constant throughout.

The flow towards the well is radial and horizontal.

Natural ground water regime remains constant.

Limitations : Various assumptions have been made in the Dupuit's
theory formulae. In actual practice, however, none of these conditions
may get fulfilled; say for example :

L An aquifer is not fully homogeneous.

2. The well might have been dug half way through the aquifer.

3. Permeability may not be uniform.

4. The ground water table may be inclined and thus, the base of the cone
may not be a circle.

9. The equilibrium conditions might have not fully reached.

rp

NG R WD

w

.@.:c 2,20. | Derive the equation to calculate seepage through earth
dam.,
OR

Explain the Dupuit’s solution for the calculation of seepage through
un earth dam resting on an impervious base.

The quantity of seepage flow through the body of the dam may be
calculated for two coses :

L When dischargoe angle, i} <30°

ii.  When discharge angle, 30° < f < 60°
Iere we assume discharge angle B < 30°
Scepage through Earth Dam with Discharge Angle less than
J0°:

s Wk 327>
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2-UBA (O
- ona than 30° (M 2200 E.::_ S b whoro gy _a#:a__zl
: m_z _.h:::_ to downatronm fiee can Do bt :._._#”c
uv W =
:.M_.,_”_.M.._.ﬁ s of tho seopage e eaalenight 1y,
1h idewover tho fongth CS with tho HOOPago 1,
0,

- :l: - -
;.;;_:,::_2._ _.u:.?_::\ z S

1. Irtheany lo
B T ?.2_:1_,.».
N
Schaflirnach "

o tis asumed L

A tangent al point & colne

8
R
e S E.L S
Y
.*si - «,h.\ut I[alii?-l‘l.lll' — _rh\ 2
A e _44_;7\
-~ TN RN N RN "
&.444444.%?..24/2/ W x/(énuz//éﬁ( TLNG
L >
1
Fig. 2.20.1 :
4 The discharge is given by,
TN
o M
q e (2.20,1)
5 Bt ik af=tmm
dy
and Z = distanee SP = asin fj, whero SCmaq
6 Therefore, q =k (asin ) tan w(2.20.2)
7. Fromeq (2,200 and (2.20.2), wo ot
., 2 .
kZ— = kasinflan )
l.-
or Zdz=asinfi i dy
8 Integrating between x = u cos  to x = o, nnd botwoon Z = a sin ) to 4,
\_ \
U
Zd: = asin f} tan 3 ._. dx
aconfd
_ Me 2w .
) " = a”sin® ) = @ sin Bt [ (d =~ @ cos )
I~ asintp - c:z:.,..:
| cos) (f ~a cos [3)
h* cosfy
_..: SaTeosf = 0 g - 2 a? cos )
@i gy Hosp
9y sinfy S
4, rom ey, E.u:_..; we pet
_N ) ) -im.rll». lr.)l..Aw.) !.....||I.-l|,'l - ———
w2 agE Ah* cos 3 / win® ) conf)
Zeospy
{ BTy
o d . 2
. rcz:,r :..... - r- . ...E.mc.&
o} gin? [}

e .z.._:év

| i

IR

I

2-20A (C15-Bem-6) Soil Hydraulicn

10, Oneo the valusof ‘o’ han beon dolermined from eq. (2.20.4), tha dizehiarpo
enn bo found uning eq. (2.20.2),

Quo 2.21. | Why in thero moro ltkelihood of *quicld condition in nands

thun in elnyn 7 Alwo dorive the oxpression for eriticnl hydenalic
gradiont.,

on
Explnin how upward flow of scopngo water cnunes the effective
atrons, Whint is tho rolo of the pore water pressure in the quick snnd

[AKTU 2017-18, Marks 10 |

condition ?

‘Answor ,

1. Whon (Tow takon pluco in upward direction, scepage pressure also acts
vorlienlly upward which results in decrease of effective pressure in the
noil.

2, I'scopage pressuro is such that it equals the submerged weight of soil,

offeclivo stross reduces to zero.

In such condition shear strength of cohesionless soil maws i3 zerv and

roil particlos havo tendeney to flow with water.,

4. Inthis process, seil particles loave the soil mass.

. This condilion is called quick sand condition.

0 =2Zy-p =0

: Zy = p,
Zy =iZy,
fmi w2 811, sy =Gy,
Yo ((Ltedy, )
i = G-1
7 e

6. 'Tho hydraulic gradient at which quick sand condition occurs is termed

ay eritical gradiont, piping gradiont and floating gradient.,

7. For fino sand and silt, specilic gravity is approximately 2.65 and void

rutio (.66, then eritical gradiont is approximately unity.
. 2.65-1 165

] B —m—e—— @ =)
<7 14066 1.66
ip=1
8 To avoid quick sand condition ' should be less than eritical hydraulic
gradiont,
lonee, oS = &

i
9 Tneohosive soils liko clay duc to their inherent cohesion, shear strength

iv not reduced to zoro ovon if offective stross reduces to zero,

10, Heneo particlos in the cohoesive soils aro hold duo to inherent ¢ohesion
und does not lenve the soil mass even if effective stresses becomes zevo,

S T T T TSR W eER ey R TR TGRS WTEE N O WGBS TREE T W ¥ TV
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r=c+ O tan 0

t=C

Que 2.22. Write & short note on :

i Capillarity-
ii. Uplift pressure.

‘Answer: :
A %Mﬁwﬂ%ﬂmmoqm the water table to which zuo. mom._.m saturateq jg call
L o M: mam rise and this phenomenon om.Emm capillarity. ed
9 bwﬂqm the water table, when z.x.. soil is saturated, pore Pressure ;) be
. negative (less than atm om_urm.de.. .

Capillary depends on the grain size and the size of pore.

In coarse grained soils the capillary rise is very small compare ¢, fine

bl

grained soils.
B. Uplift Pressure: Lo
1. Uplift pressure at any given point is the pore water pressure acting

vertically upward due to the residual pressure head at that point,

The diagram of distribution of uplift pressure along the base of the dam

can be drawn and the total uplift force then calculated by working gyt

the area of the uplift pressure distribution diagram.

3. Uplift force is an important consideration in the stability of a masonry
dam. ;

4. The total uplift force acts opposite the force of gravity due to the weight
of the dam and hence reduces the stability of the hydraulic structure,

5. Uplift pressure along the base of masonry dams can be effectively reduced
wu, providing vertical cut off walls at the upstream end of the base ofthe

am.

Que 2.23. ~ What is piping in hydraulic structure ? Suggest some
remedial measure to check or prevent it, |

[ AKTU 2015-16, Marks 10

A Piping:

1 Itis a phenomenon wh;

; which occurs due i e

moving through a sej] mass, i wsstonchy mcv-msl.mnm

It results in the formation

through which soil is carr
oceur, :

B. Preventi ipi
tons of Piping Failures : The following measures ar

generally adopted to .
d Prevent pipj s ,
L. Incr €asing the Path of mumwowﬂ_ﬂm“wﬂmm .

[

2,
of continuous tunnels or pipe-like formations

ied by flowing water and piping failure may

\

==

=

=l =

Soil Hydraulics

2-28 A (CE-Sem-5)

i.

ii.
iv.

The hydraulic gradient (i) depends upon the ?;v omvn..nno_w:op» (L). If
the length of the path is increased, the exit gradient will decrease to a

safe value. )
The length of the path of percolation can be increased by adopting the

following methods :
a. Increasing the base width of the hydraulic structure.
b.  Providing vertical cut off walls below the hydraulic structure.

c. Providing an upstream impervious blanket, as shown in Fig. 2.23.1.

Reducing Seepage : L
With a reduction of seepage through the dam, the chances of piping
failure through the body.of the dam are considerably reduced.

The quantity of seepage discharge is reduced by providing an impervious
core, as shown in Fig, 2.23.1.

Providing Drainage Filter :

A drainage filter changes the direction of flow away from the downstream
face.

It prevents the movement of soil particles along with water.

The drainage filter may be horizontal or in the form of arock toe. It may
also be in the form of a chimney drain, as shown in Fig. 2.23.1.

A chimney drain is effective for stratified soil deposits in which the
horizontal permeability is greater than the vertical permeability.
Loaded Filter:

Aloaded filter consists of graded sand and gravels. The function of the
loaded filter is to increase the downward force without increasing the
upward seepage force.

The loaded filter is placed at the exit point where the water emerges
from the foundation.

For the sheet pile wall, the filter is placed over the affected zone.

The loaded filter increases the factor of safety against heave piping. The

factor of safety (F) is given by,
W+W
F= ———
U
where W is the weight of filter.
The loaded filter should be of pervious material such that it does not
increase the hydrostatic pressure. It should only increase the downward

force.
Chimney drain

B3040/ ERa e aIOIINEa TRl nsaIROINIREInINaIINRRIPRIRIRIE

Upstream blanket
Enm:mnmm...ﬁ muww<m¢nwo= ,cw, .Ewmdm.,.
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Explain €8
ally saturate

.@:Q, M-Nh..
discuss about partl

- " 3 -n u . . . .
o%ﬁ%mw_.w%%%% ,mnr an impervious core, capillary siphoning iy
; as shown in Fig. 2.24.1.

g

Capillary .mmvrci:m
(water spills over core)

Shell ore
s

Fig. 2.24.1. Capillary siphoning.-

The water risesin the outer shell due to capillary action. If the crest iy
Jevel) of the impervious core is in the reach of capillary rise, water flow!
from the storage reservoir to the downstream over the core. :
Considerable quantity of stored water may be lost to capillary siphoning
To prevent this, the crest of the impervious core should be ke
sufficiently high.
In other words, the difference of top level of the core and water leveln)
the reservoir should be more than the capillary rise in soil of the shel}
Partially Saturated Soil : ¢
1. Generally the soil is made up of three phases, which are called as sl
] solid; water and air. m
2. Ifthe pore or voud space in the soil is fully occupied by the water, Eme."_,..
isfully saturated. :
3. Hthe voids space in the soil is partially occupied by water, the pore ssail
to ._um partially saturated, eETl
wwhm%wm%”m_mmmwm degrec of saturation value. il
sinbetween 0 1o 100 %, then the soil is partially saturat w

Que 2.25.

w

SIS

As ageotechnical engineer for the design of a filter QE_W_,_

earth . E
Eméhm%. the proper selection of filter material is required 't
€ Piping failure, 5o what ar e the conditions, you will Emm

In yourmind at the tjme of filter design ? | AKTU 2017-18; En..wmé b

1. When see
Page water : " .
coarser materia], vawom M from a soil with relatively fine

away into the coarse Emﬁmzmwsmm.ﬂgmﬁ the fine soil vmﬁs&

"y

. m.udg
grains
es may**

|

Soil Hydraulics

2-30 A (CE-Sem-5)

Over a period of time, this process may clog the void zpaces in the

pA
coarser material. .
Such a situation can be prevented by the use of a filter or protective

filter between the two soils.

For example, consider the earth dam section shown in Fig. 2.25.1.

_ If rock fills were only used at the toe of the dam, the seepage water
would wash the fine soil grains into the toe and undermine the structure.

Hence, for the safety of the structure, a filter should be placed between

the fine soil and the rock toe as shown in Fig. 2.25.1.

3.

SRS

&

Filter
Rock toe

¥ . Soiltobe
protected

/Fig, 2:2¢ .1. Use of filter at ?W?m of am eart &ME.
7. For the proper selection of the filter material, two conditions should be
kept in mind : !
The size of the voids in the filter material should be small enough to hold
the larger particles of the protected material in place.
ii. The filter material should have a high permeability to prevent building
of large seepage forces and hydrostatic pressure in the filter.
iii. The filter material specifications are given below :

v
.

s

&

D, (filter) <5
" D, (protected material)
4 D, (filter) __ <20
D,, (protected material)
D, (filt
b (Bilter) <25

D,, (protected material)
D, D, and D, refer to the particle sizes from the grain size distribution

curves.

Que 2,26. | Describe the uses of flownet.

Answer _

The flownet can be used for a number of vﬁgmom as given below :
1. Discharge : The space between two adjacent flow lines is called a flow
channel. Let NV, be the number of flow channels. The difference between

www.civilguru.net
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two adjacent equipotential lines is called cquipotential drop. Let N, be

the number of equipotential mwomm. |
%ﬂa Head : The _%nx cﬂﬂ%”& \ﬁkm., from one 3::5_,9.59_ line to the
next is /N ;. The total head at any point can bo determined as:
h=h-nx(N)
where, n = Number of the equipotenti
Pressure Head : The pressure at any po
minus the elevation head.
The pressure head is given by,
h o=h-(=h)=h +h,
" = Pressure head atP.

where,
aa - Elevation head at P-

Ji = Total head.
Hydraulic Gradient : The average v
flow field is given by,
i = Ah/As
As = Length of the flow.
, = Loss of head.

al drops upto consider point.
int is cqual to the total head

alue of hydraulic gradient for any

where,

. VERY IMPORTANT QUESTIONS . ..
Following queslions are very important. These questions.
" may be asked in your SESSIONALS as well s’
.. . UNIVERSITY EXAMINATION. = - = '

Q.1. In acohesionless soil deposit, the water table is at the ground
surface, If the saturated unit weight is 18 kN/m?, compute

the total stress, pore pressure and effective stress at a depth.

of 5 m, for the upward flow under a gradient of 0.5.
Ang. Refer Q. 2.2, Unit-2.

Q.2. A granular soil deposit is 7 m deep over an impermeable
layer. The ground water table is 4 m below the w.n.o::m
surface. The deposit has a zone of capillary rise of 1.2 m
w””.w M mw.m:nmzou of 50 %. Plot the variation of total stress
dopos; Mm “ _c,MeMMMHM M-mn.*mm‘.ﬂmn:é stress with the depth of

Ang. Refer Q. 2.6, Unit-2.

Q. 3. Describe Darey's

v's law o Ths ‘g
Ans: Refer Q. 2.7, Unit.2. and give its validity.
Q. 4. Define permeability. Explain the

permeability coefficient, laboratory methods to find

I

2-12A (CE-Sem-5)

AR

Q. 5.

AR
Q.6.

ATiE,

Q.7
Ansi

Q.8.
" ARE
Q.9.

Q. 10.

Anig;
Q.11

Q.12,

Ans;

Soil Hydraulics

Refer Q. 2.8, Unit-2.

Flow passes from one stratum of permeability & , to anoth

z?.:n:.i of permeability ke, If the n_onaoﬁcw.. mrm_wa .M ﬁ..wn
flow line at the interface ig a, in the first stratum wMa_ nrm
angle of deflection in the second Stratum is a,. Then deri e
a relation between k., k,, a,anda, ,- Then derive

Refer Q. 2.11, Unit-2.

A Tma— of sand consists of three horizontal layers of equal
thickness. The magnitude of the coefficient of permeability
for both the upper and lower layers is 4 x 10~ mm/sec and
for middle layer is 6 x 102 mm/sec. What is the ratio of
average permeability of bed in horizontal direction to that
in vertical direction ?

Refer Q. 2.12, Unit-2.

Explain field methods to determine permeability.
Refer Q. 2.13, Unit-2.

What is flownet ? What are the salient characteristics of a

flownet ?
Refer Q. 2.15, Unit-2.

What are the assumption and limitations of Dupuits’s

theory ?
Refer Q. 2.19, Unit-2.

Why is there more likelihood of ‘quick’ condition in sands
than in clays ? Also derive the expression for critical
hydraulic gradient.
Refer Q. 2.21, Unit-2.

What is piping in hydraulic structure ? Suggest some
remedial measure to check or prevent it.

Refer Q. 2.23, Unit-2.

r for the design of a filter of an
tion of filter materialis required
so what are the conditions,
he time of filter design ?

As a geotechnical enginee
earth dam, the proper selec
to prevent the piping failure,
you will keep in your mind at t
Refer Q. 2.25, Unit-2.

©00
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Part-2

Part-1 Soil Compaction, .....iiwmererseersssersses wlwkw gwum .p

Water Content-dry Unit- e : q
Weight Relationships, ORI D S _
Factors Controlling Compaction, " -
Field Compaction Equipment,
Field Compaction Control, "
Proctor Needle Method

Consolidation : Primary and ...............;. 3-10A to 3-:
Secondary Consolidation; -~ ©.- o il
Terzaghi’s One Dimensional -
Theory of Consolidation, ..
Consolidation Test, KEEYrL
Normal and Over Consolidation Soils,
Over Consolidation Ratio, - g

Determination of Coefficient -
of Consolidation . . .~ -

3-1A (CE-Sem.5)

TV

3-2 A (CE-Sem-5)

Que 3.1.

S : Questions-Answers

Soil Compaction & Consolidation

[PART-1]

Soil QQSES..&E:‘ Water Content-Dry Unit Weight Relationships,
Fuactors Controlling Compaction, Field Compaction Equipment,

. Field Qoﬂbwﬁ,maa Control, hweﬁoﬁ Needle Method.

_ . Long Answer H«Em and Emm:ﬁﬂ Answer Type Questions

What is compaction ? What kind of improvement of the

mbm.mumminm properties of a soil mass can be brought about through
compaction ?

‘Answer

Compaction : It means pressing the soil particles close to each other by
mechanical methods. During compaction, air is expelled from the void
space in the soil mass.

Effects of Compaction on Engineering Properties of Soil :
Following are the engineering properties affected by the compaction of
soil.

Permeability : The effect of compaction is to decrease the permeability.
In the case of fine grained soils it has been found that for the same dry
density soil compacted wet of optimum will be less permeable than that
of compacted dry of optimum.

Compressibility : In case of soil samples initially saturated and having
same void ratio, it has been found that in low pressure range a wet side
compacted soil is more compressible than a dry side compacted soil, and
vice versa in high pressure range.

Pore Pressure:
In undrained shear test conducted on saturated samples of clay it has

been found that lower pore pressures develop at low strains when the
sample is compacted dry of optimum, compared to the case when the
sample is compacted wet of optimum.

But at high strains in both types of samples the development of pore
pressure is same for same density and water content.

Stress-Strain Relation : Samples compacted dry of optimum produce
much steeper stress-strain curves with peaks at low strains, whereas
samples compacted wet of optimum, having the same density, produce
much flatter stress-strain curves with increase in stress even at high

strains.
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Que §.2.

i,

Que 3.3. * Explain the field methods for compaction of soil in
details,
What are varigus type

types of rollers are gy
specifications of such rollers

Answer .

a] Engineering

. Swelling : .
Shrinkag¢ E:.: <oil compacted dry of optimum shrinkg ,

At same density d wet of optimum.

at of compacte ; -
Nﬂﬁﬁw m.“: compacted dry of optimum exhibits greqyq, Swol];
z_rwaao.am:.nm than samples of the same density €ompacteq sg_

optimum.
What are the factors that affect the compaction 7

7~u~.anmmzu !

g,
of

Factors Affectingthe Compaction : Following are factors thyy o,

the compaction : . ,
Water Content : As the water content 1s increased, the Compagty

density goes on increasing; tilla maximum dry density ig achieve 4,
which further addition of water decreases the density. )
Amount of Compaction : :
The amount of compaction greatly affects the maximum dry density gyg
optimum water content of a given soil.

The effect of increasing the compactive energy resultsin an increase
the maximum dry density and decrease in the optimum water contep;
Method of Compaction : The density obtained during compaction ?.
agiven soil, greatly depends upon the type of compaction or the EE“_E. 3
in which the compactive effort is applied. : . m
Type of Soil : The maximum dry density achieved corresponding toa
given compactive energy largely depends upon the type of soil, ;
Admixture : PRy
The compaction characteristies of the soils are improved by adding other ;
materials known as admixtures. 1

The most commonly used admixtures are lime, cement and bitumen.

AP

Lo

[AXTU 2016-17, Marks 18]

OR ;
s of field compacting equipments ? Which
ited for clayey and gravel soils ? Also give ;

Method of i i
practice are Muwunw_m”nrc%.u The three methods of compaction used 1
Romming, 8 rolling and vibrations,

In thi ;

A ?ﬂﬂﬂwwﬁﬂ ﬂ, ‘o compaction, tampers are used
Stone), about 3 .Mo mﬁwsie. (or rammer) consists of a block of iro? “
lifted for about 0,39 Hm_: mass, attached to a wooden rod. The tampe*”

Amechanjcy] ramme and dropped on the soil to be compacted-

T1S operated by compressed air or gasoline power

3-4 A (CE-8em-5)

2o g,

E:

iii.

iv.

vii.

Soil Compaction & Consolidation

It is much heavier, about 20 to 150 kg. Mechanical rammers have been
uscd upto a mass of 1000 kg in some special cazes.

Tampers arc used to compact soils adjacent to existing structures or
confined areas, such as trenches and hehind the bridge abutments,
where other methods of compaction cannot be used.

Owing to very low output, tampers are not economical where large
quantities of soils are involved. Tampers can be used for all types of soils.
Rolling : Rolling of s0il is done by various types of rollers.

Smooth Wheel Roller :

A smooth-wheel roller generally consists of three wheels; two large
wheels in the rear and one small wheel in the front.

A tandem type smooth-wheel roller consists of only two drums; one in
rear and one in the front.

The mass of a smooth-wheel roller generally varies between 2 to 15 Mg.
In these types of rollers compaction is achieved by the application of
pressure over the soil mass.

These are generally suitable for crushed stones, gravel and sand
(coarse grained soil).

This is generally used for road construction.

Sheep Foot Roller:

This type of roller has many round and rectangular shaped projections
or feet attached to a steel drum.

One foot has 50 to 100 cm® surface area and 150 to 250 mm feet projection
from the drum surface.

As the coverage is about 8 to 12 %, very high contact pressure, ranging
from 1400 to 7000 kPa, depending upon the size of drum and whether
the drum is partly or fully filled by water or sand.

This type of roller compaction is achieved by kneading action which
provides comparatively stronger bond between compacting layers of the
soil mass. .

These are generally used for the construction of core of earthen dam
(cohesive soils such as clay and silt).

Pneumatic Tyred Roller:

This type of roller consists of a box or platform mounted between two
axles. The rear axle has one wheel more than at the front.

This roller has about 80 % coverage, i.e., 80 % of the total area is covered
by tyres. )
The tyre pressure in small rollers is of the order of 250 kPa where as in
heavier rollers. it may range between 400 and 1050 kPa.

The soils are usually compacted in about 200 mm thick layers with 8 to

10 passes of the rollers.
In these rollers, compaction is achieved by use of both pressure and

kneading action. )
These are suitable for all types of soil but are generally used for cohesive

soils,
These are used for construction of air fields, roadways and earthen

dams,
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Geotet

i ions : ibratory comps :
C. Vibrat 1UBSQSEEQOR. In vibratory pactors, Saamzog

1 Itisdone by 1 during compaction.
are induced in the so1 ailableina variety of forms. When the Vibrag
or

9 $I<
o The compactors&r€&VEE © ) 4 avibratory roller. Th
2 Litiscalledavi y - these ro]le
js mounted ona drum d the smooth-wheel type "Sare

i natic type an
qvailable both as pneu! .
Ina mESE-s.rm& type, a separate motor drives an arrangemen; p

ichts to create high frequency, 55. amplitude, vy, o
down OmnEme.:m of the drum. These rollers are suitable for noEvM %m
granular soils, with no fines, in layers upto 1 m as&c:.wmm.

4. Ina Emzam:n-a._.& vibratory compactor, a m.mvmhmﬁm Sg.mﬂ:m it

! attached to the wheel axle. .E_m.vm:wﬂ box is suspended mmb.&.mﬁw
from the axle so that it does not vibrate. These compactors are Suitable

ular soils with thickness of layer of about 3 cm

for compacting gran X . .
5 Another form of a vibratory compactor is a vibrating-plate compactor
In this svstem, there are number of small plates, each plate is owoumn&

by a separate vibrating unit. Hand-operated vibrating plates are gJs,
available. The effect of the vibrating plates is limited to small depthg
7. The main use is to compact granular base courses for highways NE.H
runways where the thickness of layers is small.
8. Vibratory compactors can compact the granular soils to a very Ewr
maximum dry density.

Que 3.4, “ Write a short note on :

i  Field compaction control.

eccentric W

ii. Proctor needle method.

[ AKTU 2016:17, Marks 10]

OR
How will you perform the Pro Y i
; ctor’s needle test in a site for
controlling the degree of compaction ?
Let us suppos i r .
PPoSe as a geotechnical expert, you have a challenge to

cont - . R
rol the compaction in a site; so how will you control the

compaction by the Proctoy’s needle method ?

| AKTU 2017-18, Marks 05
Answer _

A Field Contro]
of Compaction -
1. The field compaction paetion ;

The water content control consists of the determination of :
The dry dengit at which the soi] has been compacted, and
¥ {or dry unit weight) achieved !

To attain a deg;
; esired densit : A
molsture content ang dry aw by compaction, periodic measurements of

process, ensity will be required during the compactiot

1€ methods f ..
fiel or mmﬁmnn::_sm moisture content and d7¥

density in ¢
eld, severg] methods are available :

Sl ot i

NTEETY

TS

e

4-6 A (CE-Sem-5)

1

2.
3.
1
i

i
iil.
iv.

V.

V1.

ix.

Soil Compaction & Consolidation

_.:.on.gn needle method.

Core-cutter method.
Sand replacement method.
Proctor Needle Method :
Used for rapid determination of moisture contents in-situ.
Equipment consists of a needle attached to a spring loaded plunger,
calibrated to read penetration resistance in kg/crn®
Needle can have a suitable bearing area for the soil (larger bearing area
for cohesive soils).
In the lab, sample is compacted in the mould and penetration resistance
measured using Proctor needle.
Water content and dry density is found.
The above process is repeated on the same sample for varying moisture
contents.
Thus laboratory calibration curve is drawn.
To get moisture content in the site, sample of wet soil is compacted into
the mould and penetration resistance read off from the Proctor needle.
Moisture content corresponding to the penetration resistance obtained

from the laboratory calibration curve.

\ Calibration

er needle

Dry density
in prop

Penetration Resistance

1 OMC
Water content
5% w.mr«u.q @.mmwﬁw"mm curve for H.E_w...u,m. !

‘Que 3.5. | Describe standard Proctor test and modified Proctor

test.

=P

[Answer

[AXTU 2019-20, Marks 07 |

Standard Proctor Test :
To study the compaction characteristics, laboratory compaction tests

have been developed. )
The standard Proctor test developed by RR Proctor is widely used as a

guide.
The equipments used in the test consist of:

Volume of mould = % ft3 (945 ml).

Weight of hammer = 2.495 kg

www.civilguru.net
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ctive height). ‘e,
Collar - 2 msz:..ﬁm aEAB.HMQ dis filled in standard cylindrical moulq
. tost, soil to be teS f layers of
In this test _,sﬁ:n%:ﬂ::voﬁo layers. )
1000 mi1 subjecting it to 25 blows with t,

olume IFEC ted by X
5. qu_. layer 1s beir oms.w%m kg and free fall height of 304.8 my,

ammer
WMHM& Proctor Test:

sy 1
tandard cylindrical mould of volume 25 W30

4

1. Inthistest soilisfilledin s

945 ml in five numbers of layer.

Modified Proctor test ,

Standard Proctor test
Zero air void line

]
1
b
U
Ly
o

P
>

Fig. 3.5.1. Comparison of compaction curves.
Each laver is subjected to 25 number of blows with the help of hammer
having total weight of 4.54 kg and free fall height 0f 457.2 mm.
3. After compacted soil, its sample from the mould is collected to find the
water content at which compaction was carried out, which further utilized
to compute the degree of compactness in terms of unit weight of soil.

I {
fe 1+w

)

Que 3.6. _ During the construction of an embankment, the density

mﬂ.&nnﬁ by field compaction was investigated by the sand jar method.
A :_Wm.s pit was excavated in the newly compacted soil and was filled
Mm_ Mwmwﬁuhm M.mum. The following were the observations : Weight of
v om pit = 2883 gm, weight of sand required to fill the

gm, bulk density of sand = 1.52 gm/cc and moisture content

of embankment soj] = .
comparted sp, soil = 16 <, Determine the dry density of the

Answer

Giv PR . TR
i o 1 gl oA fom pit = 2853 g, Weight of a0d
%crnmﬁm content of manwm 56 WMWWMF mxmcmm&\ of sand = 1.52 n.:\a.

om.Em"memam.Gowmoz. = 6% ity

Volume of sand, v = klmmml 2356

cm:m;w = IHm]m = 1550 ¢cm?

e ra_u,

3-8 A (CE-Sem-5) Soil Compaction & Conzolidation

2. Bulk density of soil excavated,
i il 2833
Peoil = M)\n_mrnﬁ.mwm_.. = W.mt = 1.86 ym/cc
Volume of 501l 1550

3. Dry density of compacted soil,

= Pl
py = ol
4 1+w
1.86
= -~ =1604gm/cc
P4 = 170,16 &

proctor test :

Tyial No. ; 1 ]| 2] 3 ﬂ 4 56 |
Mass of Wet Soil (kg) 170 [ 189 | 203 | 199 | 1.96 | 1.92
Water Content (%) 77 | 115 | 146 | 175 | 19.7 | 212 |

Volume of mould is 945 ¢c and G = 2.67. Determine the maximum dry
density and optimum moisture content.

‘Answer . |

ot ,Qm<m14u¢ohcﬂw of Bo_.wm =945 cnd, Specific gravity, G =267
To Find : Maximum dry density and Optimum moisture content.

1. N Water . Massof Wet |p, = T wsu x c.._..ﬂm
“Content (%) - - | Soil(kg) (4D {gm/cc)
77 . 1.70 1.67
1L5 1.89 1.79
14.6 2.03 1.87
175 1.99 1.79
19.7 1.96 1.73
21.2 1.92 1.68

2. Curve between dry density and water content as shown in Fig. 3.7.1,

www.civilguru.net
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1. Relative density = Emax ~ Cinsity ‘
€max ~ €min
_0.75-0.50
" 075035 <100 =625%

[\

Q2

3.

=

1.87 (g, max)

14.6 % (OMC)

5 10 15 20 25 30
—w %
Fig. 8.7.1.

3. Maximum dry density, Py px = 1.87 gm/cc
4. Optimum moisture content = 14.6 %

Que 3.8. | The in situ void ratio of a granular soil deposit is 0,5

The maximum and minimum void ratios of the soil were determineq
to be 0.75 and 0.35, G = 2.67. Determine therelative density and relatiye
compaction of the deposit.

Given : In situ void ratio, e, ,, = 0.50 s o
Maximum void ratio,e_, =0.75 : A e o )
Minimum void ratio, e, =0.35, Specific gravity, G = 2.67 *

To Find : Relative density and Relative compaction.

Maximum dry unit weight of soil,

Gy,  267x98

Yt = = = 19,38 kN/m? ,.
. H +e_. = . m .
Dry unit weight of sojl ip, mm_%s 1+085 .
Gy
Ltisoy m = . = N@Q %x9.8 _ 3
oot T p 4 € it 14050 - 17.44 kN/m
:P._DZS.. ﬁQ:;vE.:OB - A\L:a ity _,.N A.A‘
i T x100= —22 =89.9 %
:.:E:: 19.38 x 100 =89 9%

~

4-10 A (CE-Sem-5) Soil Compaction & Consolidation

PART-2

. Consolidation, Primary and Secondury Consolidation, Terzaghi’s
One Dimensional Theory of Consolidation, Consolidation Test,
- ‘Normal and Over Consolidation Soils, Over Consolidation Ratio,
‘Determination of Coefficient of Consolidation.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 3.9. | What do you mean by compressibility of soil ?

-

1. The property of the soil due to which decrease in volume occurs under
compressive forces is known as the compressibility of soil.

2. When the soil mass is subjected to a compressive force, like all other
materials, its volume decreases.

3. The compression of soils can occur due to one or more of the following

reasons :

Compression of solid particles and water in the voids.

Compression and expulsion of air in the voids.

iii. Expulsion of water in voids.

4. Compression of soil also takes place by expulsion of air from the voids
under a vibratory load; such a compression is usually known as
compaction.

5. In asaturated soil mass having its voids filled with incompressible water,
decrease in volume or compression can takes place when water is
expelled out of the voids. Such a compression resulting from a long term
static load and the consequent escape of pore water is termed as a

consolidation.
Que 3.10. | Explain consolidation. Also differentiate between
consolidation and compaction.
OR

Write the difference between compaction and consolidation. The in-
situ void ratio of a granular soil deposits is 0.50. The maximum and
minimum soil ratio of the soil were determined to be 0.75 and 0.35, G,
= 2.67, also determine the relative density and relative compaction

[AKTU 2018-19, Marks 07

of the deposit.
OR
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Compare petween €

A

1 The compress ien of

consolidation.
It is occurs due to €Xp
3. Thesoil ﬁ&d.n._mm shift
thus they attainac

The decrease in S0l

paction and consolidation.
om

)

AKTU 2016-17,

\ Consolidation : o saturated soil under static pressure ig know, N
ulsion of water from the voids.
from one position to other by rolling anq sliding

a closer packing. ]
1s volume occurs not due to compression of solids o

due to expulsion of water

expulsion of air from the voids.

& ifti soil particles as water escapes.
t due to shifting of soil p :

- Mwwmmmwmmo: can occur due to one or more of the following factors.

m " Due to external static loads from the structures.

i Due to self-weight of the soil such as recently placed fills.

i Dueto lowering of the ground water table.

iv. Due to desiccation. ) .

w. Uw.m.mwmunm between Consolidation and Compaction :

8.Ne.! Consolidation Compaction . - -

L _ Consolidation is gradual | Compaction is reduction in volume

! 1 reduction in volume under |under dynamic loads such ag

__ ‘ sustained static loading. rolling, tamping, vibrating, ete.

C o2 | This process occursitselfin | Itis an artificial process.

m M nature.

| | .. . - - -

| 3 | This i applicable to fully | Itisapplied to partially saturated

[ _ saturated soils. soils:

* __ﬁ Reduction in volume oceurs . | Reduction in volume oceurs dueto |

from the voids.

_. It may take a ot of time,
| especially for clays it may
| take vears,

6 =

{a) Before

conselidation (6) After

consolidatjon

It occurs instantaneously after the

application of load.
Y
Air Ha v T
Water ﬁ w
Y V, . [
Solids \h, S
(a) Before (b) After
compaction compaction

T

3-12A (CE-Sem-5) Soil Compaction & Canznlidation

C. Numecrical: Refer Q. 3.8, Page 2-9A, Unit-3.

Que 3.11. _ Write a short note on :

A. Immediate settlement.
B. Primary consolidation.
C. Secondary consolidation.

Answer _

A. Immediate Settlement:

1. Immediate or elastic settlement takes place during or immediately after

the construction of the structure.

It is also known as the distortion settlement as it is due to distortions

(and not the volume change) within the foundation soil.

3. ~ Although the settlement is not truly elastie, it is computed using elastic
theory, especially for cohesive soils.

B. Primary Consolidation :

1. Afterinitial consolidation, further reduction in volume occurs due to the
expulsion of water from the voids.

2. When saturated soil is subjected to a pressure, initially all the pressure
is taken up by the water as an excess pore water pressure.

3. Aswater is almost incompressible as compared with solid particles. A
hydraulic gradient develops and water starts flowing out and decrease

in volume occurs.
4. The decrease depends upon the permeability of soil and is therefore,

time dependent.
This reduction in volume is called primary consolidation.

Secondary Consolidation :
The reduction in velume continues at a very slow rate even after the

excess hydrostatic pressure developed by the applied pressure is fully

dissipated and the primary consolidation is complete.
The additional reduction in volume is called secondary consolidation.

It is attributed to the plastic readjustment of the solid particles and the
adsorbed water to new stress system.

Que 3.12. ~ Give the assumptions of the Terzaghi’s theory for
calculating the rate of 1-D consolidation and prove that :

oiz 8% [AKTU 2017:18, Marks 10]

= =C
ot Y 52

Answer _

A, Assumptions: Following are the assumptions made in Terzaghi’s one
dimensional consolidation theory:

The soil mass is homogeneous and fully saturated.

The soil particles and water are incompressible.

Darcy’s law for flow of water through soil mass is applicable during

consolidation.

Qo

L

ol A

www.civilguru.net
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nt during oo:mo:amsoz.

it is consta N
ability and deformation oceurs op)
Dlyin thy

o direction only
direction of _oma:mmu“wﬂmm_w due to mon_.o.mmo in <.cEEP

The %Eqamﬁow ore water 0ceurs only in one direction,

The drainage 01 P » offers no resistance to flow of watey fro
A boundary dral hange in thickness is continugyg rcwugmy
cﬁmam%ﬁwﬁwnmn lated to initial thickness only, fing
valueot € b

mm..w,.mwwunw%m aclay layer of thickness H, sandwiched bety,
rﬂ. H sdy &

i i faces.
: d which serves as drainage
ﬁ.w_mwﬁmwm_wwe. is subjected to a pressure Enmem:ﬁ Ao, excess rangn
ressure is set up in the clay layer.
p ant of pressure application, whole of the consglig,.

thetime?, theinst: . :
%.ommﬁm g is carried by the pore water so that the initjs

sionisre

eeq ﬁso

EXeey

hydrostatic pressure i, isequal to Ac, and is represented by a straigy

line Z = Ac onthe pressure &mnlvcaon&mmuma.
The distribution of excess hydrostatic pressure & at any time g
indicated by the curve AFB, joining water levels, in the piezomety/
tubes, this curve is known as isochrone and number of such isochron
can be drawn at various time intervals __Hm to, tg .mﬁn. o

The slope of isochrones at any point at a given time indicates the rateq!

L

change of & with depth. . . !
At any times ‘' the hydraulic head ‘A’ corresponding to the eﬁ#

hydrostatic pressure is given by,

he & . (3120]
, Yu i

Hence, the hydraulic gradient 4’ is given by, .
j=oh_1 cu S 8122}

&z v, oz -

Thus, the rate of change of Z along the depth of the layer represtt';
the hydraulic gradient. F
The velocity with which the excess pore water flows at the depth 7!
gwven by Darcy’s law as : . .

v=hi= l\ml % u.wlm ‘ i .auwm :
Yo Oz :
The rate of nrmsmwo?o_onaw with depth is given by;
L | -
%y, at o dict?

Oozmaﬁ. _. f
o the xNM MHM_ vo:m_mEo:ﬁomm.Nm QH.‘ dz, and width of dy perpe"

3-14 A (CE-Sem-5)

12.

13.
14.

15

16.

17.

18

Seil Compactinn & Consolidation

¢ E X t=0,u=nan
AN T
/ﬁ ”W. 1sochrones

TEREERE V. an

Drainage face (sand) t=t,u="0
siin i B .

2 F
A A ..
M 1 .&\ wll“ﬂl!
&N§ 4 da m_WMHMn..

H=2d NI
Clay 3 ' *
4 M
Drainage face (sand)- vt mlu&n
(5)

(a)
.Fig. wum“— One dimensional consolidation.
If v is the velocity of water at the entry into the soil elements, the

velocity at the exit will be equal to v + W&N
éz

The quantity of water entering the soil element per unit time = v dxdy
The quantity of water leaving the soil element per unit time
cv
=|vV+— &u dxdy
h 2z Y
Hence, the net quantity of water dg squeezed out of the soil element per
unit time is given by,

Ag = W dudyds (3.125)

The decrease in volume of soil is equal to the volume of water squeezed

out, However, from

AV=-mVAG ..(3.12.6)
V, = Volume of soil element at time ¢ = dxdydz

m, = Coefficient of volume change.

AT = Increasc in effective stress.
.. Change of volume of soil element per unit time is given as:

where,

ag= V) _ o dedydze 2830 (3.12.7)
ot ot
Equating eq. (8.12.5) and (3.12.7), we get
L A C2) (3.12.8)
. oz , ot
Ag=AG + I ,where Ao is constant.
AAG) __ oK .(8.129)
ot ct
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and (3.12.9), we get

19. Hence, fro . i i
Zo=mo 31y Iy
# 12.10), we get 5

. (3.12.4) and (3.

90, Combining cq o k mwm ’
M;.l h LY mmm >
a et "
C = ko Coefficient of consolidatigp

where, v .«:\3_. .
Que 3.13. | Describe the objective and procedure of ncnmomammg

test in brief.

Answer _ i

A Object of Consolidation Test : To determine the noBE.mmmec

-

&

Que HM|_ Write a short note on : k

A
B.
C.

Answer

A
I.

characteristics of soil one dimensional consolidation (Oedometer) testi; 2,
carried out. Objective of test : ,

To determine the amount of deivrmation.

To determine the rate of deformation

Procedure :

Sample is placed in the cutting ring in between two porous stone,
The loading beam is then brought into contact and dial gauge is etz |
zero.

When first load of 10 kiN/m? is applied reading of dial gauge is takenat
14,12, 1,2, 4,8, 16, 30, 60, 120, 240, 1440 mins. !
Now load is doubled and dial gauge reading is taken as in step 3. Loadis
doubled upto 640 kN/m2. 3
C:Wm&um is done by removing 3/4th Joad and reading is observed & :
earlier.

»

N, .;.SE.? consolidated soils and over consolidated soils.
Con telent of compressibility and coefficient of volume chang® |
npression index, swelling index and recompression inde¥

PR
w

Normz NP

A uﬂﬂm.h___.__\co.oumo_._mwmom and Overconsolidated Soil ¢ o
past, to m - consolidated soil is gng which has not heen mc_”.._.magﬁ_,P §
A mo_.._ is mmw:_ﬁﬁwv“m coroy :.umn the present existing pressurc (o -
. overconsolidated ifit hag been subjected in the P8
sent pressure, ol the

different oe 8oils and overconsolidated soils are P
Nt types of soils byt these only indicate the condition or St of :

soilin relat;
1on to the past and present pressures exerted on it-

.@5 4-16 A (CE-Sem-5)

Soil Compaction & Consolidation

The same s0il may hehave as normally consolidated soil in a certain
pressure range and as overconsolidated soil in sore other pressure
range.

The liquidity index of normally consolidated clay is generally between
0.6 and 1.0, whereas that for overconsolidated clay is between 0 and 0.6.
Coecfficient of Compressibility and Coefficient of Volume
Change:

Coefficient of Compressibility :

The coefficient of compressibility ( a,)is defined as decrease in void ratio

per unit increase in effective stress. It is equal to the slope of thee— G
curve at the point under consideration

ﬂc = “&II@ = %

dé Ac

As the effective stress increases, the void ratio decreases, and therefore,
the ratio de/d G is negative.
The minus sign makes ¢, positive. For convenience, the coefficient of
compressibility ¢, is reported as positive.
Coefficient of Volume Change : The coefficient of volume change (or
the coefficient of volume compressibility) is defined as the volumetric
strain per unit increase in effective stress, Thus

-AV/V
m, = %@ =a,/[(1+ep)
where, m, = Coefficient of volume change.

V,, = Initial volume

AV = Change in volume.

AG = Change in effective stress.
Compression Index, Swelling Index and Recompression Index :
The compression index (C, ) is equal to the slope of the linear portion of
the void ratio vs. log G plot. Thus,

C=__2%
 log,,(5/Agy)
The expansion index or swelling index (C,) is the slope of void ratio vs.
log G plot obtained during unloading.
‘ B

G+AcC .

g 757
Recompression index is the slope of the recompression curve obtained
during reloading. It is expressed as,

C =

€

C = S+40
Fm: =

www.civilguru.net
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Que 3.15. Brie!

A Coefficient of consOICEE

m. Laboratory consolidation ¢
relationship.

,.»bmﬂ.n.. _

>. Difference between Coefficien

A Chg,

fly differentiate between :
lidation and degree of consoli datiop

urve and field ncﬂmo:ap:
0

t of Consolidation ang degre, |
€ of !

Consolidation.
S.No. Coefficient of _ Degree of Qg
Consolidation : N, R

1 |The coefficient of consolidation
represents the combined effect
of the coefficient permeability
(k) and the coefficient of
volume compressibility (m,).

The degree of consolidatioy ol
represents the stage o
consolidation at a certain _ooms.%
in the consolidating layer, -

2. |Itisexpressedas:

Eum k un
M.__.H Fo m v, 3

Degree of consolidation is give
by :

U.

3. |It hasunits [L?T) i.e., m¥sec
or m%/day

It is unitless quantity.

B. Laboratory consolidation curve and field consolidation|
relationship :

Laboratory Consolidation
Curve

m. No.

Field Consolidation
" Curve . ¢

The consolidation curve
Emmm:.amm represents the
behavior of sojl in the

The consolidation curve
measured represents the
behavior of soil in the field.

laboratory.

—

Soil nature and physical
features are

The nature of the tested soil i

TSy

mmmc.n_.mﬁmm with %nm_.EmE.bw
Mszmm.:sn Properties of
oundation soils  usin

FvoquQ. ¢

identifies, positively zat directly identified by field
High . ]
Bher costs generally | Determining engineering :

properties of foundation s0ils by
means of field test is B.o_.M :
economical and less f7

consuming. \\

Que 3.16, : i
IJ Explain methods for determining the ccmmmamm:n o

consolidation of a soil

\

3-18 A (CE-Scm-5)

Soail Compaction & Consolidation

iAnswer _

Following are the method for determining coefficient of consolidation of
asoil:

Logarithm-of-time Method :

Plot the dial readings for sample deformation for a given load increment
against time on semi log graph paper as shown in Fig. 3.16.1.

Plot two points, P and € on the upper portion of the consolidation curve
which correspond to time ¢, and ¢,, respectively. Note that £, = 4¢,.

The difference of dial readings between P and @ is equal to x. locate
point B, which is at a distance x above point P.

Draw the horizontal line RS. The dial reading corresponding to this line
is dg, which corresponds to 0 % consolidation.

Project the straight-line portions of the primary consolidation and the
secondary consolidation to intersect at 7. the dial reading corresponding
to T'is dyq, i-¢., 100 % primary consolidation.

Determine the point V on the consolidation curve which corresponds to
a dial reading of (d, + d;,) /2 = dy. The time corresponding to the point
V is tg, i.e., time for 50 % consolidation. ’

Determine C, from the equation T, = C, x ¢ /d*. The value of T, for

0.197 &

Muo

U,, =50 % is 0.197. So, C, =

dy + dygo
2

Dial reading

hNSo.Ll..u_..|||._..|||u.v/

1

1 ] 1 >

5o Time (log scale)

Fig. 3.16.1) Logarithm- f-tinie method for determiination of C,

mn:mﬂm.noo#om.mia Method : .
Plot the dial reading and the corresponding mn:muméooﬂ.om.m.ﬁm Jt as

shown in Fig. 3.16.2. )
Draw the tangent PQ to the early portion of the plot.
Draw a line PR such that OR = (1.15) (0Q).

The abscissa of the point S (i.e., the in
consolidation curve) will give %ﬂ.. (i.¢., the square-root-of-time for 90 %

consolidation).

tersection of PR and the

www.civilguru.net
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Dial reading

0 gllﬁ Q R ([Time
tgo .

“Fig, 3.16:2. Square-root-of-time method for determination of ¢

3
3

5. Thevalue of T, for U, = 90 % is 0.848. So,
_ 0.848 d*

Loy

c

v

Que 3.17. | Write a short note on :

A Contact pressure.
B. Final settlement by void ratio.

Contact m.uummmE.m : The upward pressure due to soil on the underside
of the footing is termed as contact pressure. It is of following types:
L Contact Pressure on Saturated Clay for Flexible Footing :

| —]G.S. ‘
L
\_ s
Settlement _ ~ ‘
W, .
\Contact ¥

- pressure ,

(@) Flexible footing 53 Higid footing
. H_n 3.17.1. Contact Pressure on saturated clay. |
2471 shows the qualitative contact wnmmwmwm distribution under

flexible and rigid foo;
. gid footin . ;
ﬁsﬂw distributed _oww Mmmgm on a saturated clay and subjected t02
nthe footing jg flexib] £ v
i e, it : o
muwmuc.s_ws deflection the MmMMMMN.Bm into the shape of a bowl, with the
€ contact pressyre distribution

is uniform,

3-20 A (CE-Sem-5)

Soil Compaction & Consolidation

Contact Pressure.on Saturated Clay F igi i
(Figt. 3.17.200)] y For Rigid Footing
If the footing is rigid, the settlement is uniform.

The contact pressure distribution is minimum at the centre and the
maximum at the edges,

The m:.mmmmm at the edges in real soils cannot be infinite ag theoretically
determined for an elastic mass,

In real soils, beyond a certain limiting value of stress, the plastic flow
occurs and the pressure becomes finite.

Contact Pressure on Sand For Flexible Footing :

Fig. 3.17.2 mgs.a the qualitative contact pressure distribution under
flexible MSQ rigid footing resting on a sandy soil and subjected to a
uniformly distributed load q.

In this case, the edges of the flexible footing undergo a large settlement
than at the centre.

The contact pressure is uniform.

_ —Gs. | GS.

RS Y B2
~ % 7’ V4

(@) Flexible footing (b) Rigid footing
- Fig. 3.17.2. Contact pressure on sand. -

TR

Contact Pressure on Sand For Rigid Footing [Fig. 3.17.2(b)] :
If the footing is rigid, the settlement is uniform.
The contact pressure increase from zero at the edges to a maximum at

the centre.
The soil, being unconfined at edges, has low modulus of elasticity.

However, if the footing is embedded, there would be finite contact

pressure at edges.
Final Settlement by Void Ratio : The final settlement AH can also be

computed from the following relationship :

AH _e-& o oap=9"%.g

H l+¢ l+e
For Normally Consolidated Soils : Compression index for normally
consolidated soil is constant. Hence substituting the value of e, —e, in

terms of C,

C G
<—logyg =2
1+e G,

%me

where, Oy = Gy +AC

www.civilguru.net
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d Soils :
all in case of P
clling index C, is very small in comp

eﬂgnuﬁn-—mﬁ—ﬁnﬁ

~Q~.—HO—.—O 18 S
r the sW

reconsolidated soils ag the
re,

mamo:

For Ov
Final sett
compression index o0
toC.. )
¢, —€= C, Ems —

|

i Now 1

C. Gy
- Hlogyp="
M= 10, 5

The above equation i applicable where Gy is smaller than the pre-

i Settlement,

consolidation pressure Gp-

If the pre-consolidation/over consolidation G, is m.nmmﬁmw than &, by

smaller than g, then final settlement is computed in two parts :

a  Settlement due to pressure g, to O, using C_, and

b. Settlement due to pressure G, to G, using C..
i AH=——Hlo |u + H log,, =2
v Thus T e 105, H+$ E1p 5,

Que 3.18. _ A soil sample 40 mm thick takes 40 minute toreach 40%

consolidation. Find the time taken for a clay layer 8 m thick to reach
80 % consolidation. Assume double drainage in both cases.

[ AKTU 2016-17, Marks 10]
Answer _

Given : Thickness of sample = 40 mm, ‘Eﬁorbmmm of mmE H&Bﬂ m E
Degree of field consolidation = 80 %
Degree of sample consolidation, U = ﬁo %, .H.ES t= mo 55 :

To Find : Time consumed in field nobmormmsg..

A For 40 % Consolidation :

1. Drainage path for double drainage, d = 40 =20 mm

2. Time factor, 2

o3
I
]
—

qm
I|| QAmc §
ocu_ . Q..E.
w =0.1256

3-22 A (CE-Sem-5) Soil Compaction & Consolidation

3. Coefficient of consolidation,

T,d®
t
0.1256 » (202

C,= o0 " 0.0209 mm%sec

c

v

B. For 80 % Consolidation :

1. Drainage path for double drainage, d = 8000 _ 4000 mm

2
9. Time factor, (For U> 60 %), T, = 1.781-0.933 log,, (100 - U %)

n._ = 1.781-0.933 Homucﬁoo 80)=0.567
3. We know that,
C = ﬁ&m
v t

2
0.0209 = 0.567 xnﬁocov

t = 434066985.6 sec
t = 5023.923 days
Time consumed in consolidation, ¢ = 5024 days

@ﬁm a umt A soil sample 20 mm thick takes 20 min. to reach 20 %

ochmo_umwa-oﬂ. Find the time taken for a clay layer 6 m thick to reach
40 % consolidation. Assume double drainage in both cases.

[AETU 2015-16, Marks 10 |

Oudmb .H_Fowummm em meEm = wc mm; Ummumm o». oobmormmﬂou
U =20 %, Time, ¢ =20 min, Field degree of noumormmscF U=40%

" Thickness of field clay layer =6 m
, ,Ho m.,-nm ﬂsm emea for nouwo_&m:ou

1. For Soil mﬁ:w—c :
wc

i, Drainage path for double drainage, = =10 mm

ii. ‘Time, ¢t =20 x 60 = 1200 sec
iii. Time factor for U < 60 % is given by,

1 2
T = meL uimﬁ =0.0314
v~ 40100] 41100

iv. Also time factor is givenby, T, = C, M.

www.civilguru.net
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T d° 0.0314 x 10?

nsolidation C, = = o

Cocflicient of co .
= 2.62 x 10~ mm%sec

For Field Clay Layer:

3]

6000

Drainage path for double drainage, d = = 3000 mm

£(U)°_x( 40
i Time factor for U<60%, T, = 7 Po‘o =100/ = 0.126

Td*
fii Weknow that, C, = IMI
Time taken by clay layer for 40 % consolidation,
;o 0.126x 3000°
T 262x107°

= 432824427.5 sec = 5009.54 days

Que 3.20. ‘ A saturated clay layer of 5 m thickness takes 1.5 Years

for 50 % primary consolidation, when drained on both sides, Its
coefficient of volume change m, is 1.5 x 10 m?kN., Determine the
coefficient of consolidation (in m%/yr) and the coefficient of

permeability (in m/yr). | AKTU 2019-20, Marks 07/]

Answer _

Given : Thickness of ‘&mv, _@mn =
Qumoo‘mqﬁsm.uuu
m,=1.5x10-2 mkN :
To Find : Coefficient of consolidation and nommmﬁ‘mu_.nom mm.wEmmE.E _
Time factor for [J < 60 % is given by -

nf U2
ﬁunﬁluu
47100

2 5 m, Percentage of consolidation]
-9 yr, Coefficient of volume change,;

-2 yﬁm
| v= 7\105) =0.19635
Coefficient of consolidation ig given by
2
c,- L °
; ﬁ..a&”MUN.mE

C = 019685 x 9 52
v /Hm’lj = Owu.m Sm\vﬁ.

5 )

£

e

3-24 A Aﬁm.wm..:-mv Soil Compaction & Consolidation

3. Coefficient of permeability is givenby, k=C m 7
v v
=0.818 x1.5 % 102 10 =0.01227 m/yr

Que 3.21. _ In the laboratory a 2 ¢m thick soil sample takes 25

minutes to .nomor 30 % degree of consolidation. Find the time taken
for a 5m thick clay layer in field to reach 40 % consolidation. Assume

double drainage both cases,

Answer _

‘Given : Thickness of sample = 20 mm, Time, ¢ =
consolidation, U = 30 %,
consolidation, U=40%

| AKTU 2018-19, Marks 07

% 25 min, Degree of
Thickness of clay layer = 5 m, Field degree of

To Find : Time taken for reach 40 % consolidation.
For Soil Sample: :

Drainage path for double drainage, d = 20/2 = 10 mm
ii. Time, ¢ =25 x 60 = 1500 sec

o

. 2 r 2
iii. Time factor is given by, T, = = Tm& -z 30 g - 0.07

4 100
iv. Time factor, T = C, mw.
Coefficient of consolidation,
C,= Td =0.07 x 10° =4.67 x 10~ mm?sec
t 1500
2. For Field Clay Layer :
: . : 5000 _
1. For double drainage, drainage path, d = 5 = 2500 mm
Vo t[UT =[407
i. Time factor, T =—|—I==1—1| =0.126
mefactor v LSL LSL
e T. d* 0.126x(2500)*
1. t = X =
v Dmetaken, = = S T107

v

¢t = 168629550.3 sec
t = 1951.73 days

Que 3.22. _ During a laboratory consolidation test, the time and

dial gauge readings obtained from an increase of pressure on the
specimen from 50 kN/m? to 100 kN/m? are given here:

Time (Minute) | 0 | 01 |025] 05110 |. 20 | 40 | 80"

Dial Gauge
Reading 3975 | 4082 | 4102|4128 | 4166 | 4224 | 4298 | 4420
.(ecm x 10-9)
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nical Engineering

Geotech

Dial Gauge
Reading
{cm x uOl:

ethod, determine C,. The averag,

. i f time m
Using the Jogarithm o nsolidation was 2.24 e, and it wyg

height of the specimen during co
drained at the top and bottom.

Answer _

Civen s Height ofpecimen =24 e, Increase in pressure = 50 kN

ToFind:C. . -~ S et A S
1 The semi-logarithmic plot of dial reading versus time is shown jp
Fig. 3.22.1.

040

0.42
044
g
T, 046
nm
g 0.48
5 050

0.52

f
ow# _a 1 1 1 < 1 1 L [
01 0304 10 . 3 10 30 100 300 1000
Time (minute)}—log scale .
Fig. 3.22.1.
2. Forthis, ¢, = 0.1 mj
2ty =0.1minute, ¢, = 0.4 min i
Y ute to determ .
&Sou 0.52 e &c
dy= 0416
Q.me - .Qo + Ruco. _ @A.Hm + O.mm =0 468

2 2

3. ¢ iscaleul:
5018, ated by corresponding to dy;), tso~ 19 minute (from curve)

4. We know that,

o

2.24)°
0. 2 o.E.A-.’.u
c,= 29, T\

; 50 19
.013 cm¥minyte = 2.17 x 10~ 4 cm?sec

n

326 A (CE-Sem-5) Soil Compaction & Consolidation

@_,E.u.ww. Representative samples of a layer of silty clay, 5 m

thick, were tested in a consolidometer and the following results
were obtained : Initial void ratio: 0.90, Preconsolidation stress = 120
KN/m? Recompression index = 0.03 and Compression index = 0.27 .
Estimate the consolidation settlement if the present average
overburden stress of the layeris 70 kN/m? and the increase in average
stress in the layer is 80 kN/m2.

‘Answer -

. Given 3 Thickness of .Fw.mn of silty clay, Hy=5m, Initial void ratio,
. ep=09, m..nm.nob.m.oﬁammon stress, 5, = 120 kN/m?; Recompression index,
T CiE 0.03, Compression ,.Ua_mw. C_=0.27, Average overburden stress,

c

& =70kN/m? Increase in average stress = 80 kN/m

v H.h 5 d m.O@.ﬁ.mo:mmﬁou settlement. I A
1. The increased stress, (G, +AG)="70+80=150 kN/m?.
This is greater than & _ (= 120 kN/m?).
2. Seftlement is given by,

m: ||
s o CPetggZeyc o g
¢ i+e, o, 1+e, G,
3 3 =
S, =003 x 5x10° ) 120 4 g7, 5x10 4, 150
14090 €70 1+090 120

Consolidation settlement, S, = 18.48 +68.85 = 87.33 mm
Dﬂo m.NA A clay soil, tested in a consolidometer showed a decrease

in void ratio from 1.20 to 1.10 when the pressure was increased from
0.25 to 0.50 kgf/em?2, Calculate the coefficient of compressibility (a,)
and the coefficient of volume compressibility (m). If the coefficient
of consolidation (C)) determined in the test for the given stress
increment was 10 m2/year, calculate the permeability in cm/sec. If
the sample tested at the site was taken from a clay layer 3.0 m in
thickness, determine the consolidation settlement resulting from

the given stress increment.

Answer

o ﬁ:Eﬂ : _..ummmmmmm invoid Esou wwo..o 1 8 R S
" Incrensedin pressure = 0.25 to 0.50 kegffm? C, = 10 m*/year .
* Thickness of clay layer = 3 m. FRTE PINER R

To Find : Coefficient'o
compressibility, Coefficient o

1 Change in void ratio, ae =¢,—¢ = 1.20-1.10=0.10

of -com m_.mwm‘._.wz,m&.... Oom.mm..&mmm ‘of ,.3._&5@
of permeability, Consolidation settlement. .

p

e

e S T SN N A T A VTR
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A5 =0.50- 0.25 = 0.25 kgf/em?
sibility, ,
_ 2 010 g4 cm¥kef
%= 3% 025
fvolume compressibilitys
a, 0.4 _0.18 em¥/kgt

m.= H+ma - H+HNO

9 Increasein pressure,
3. Coefficient of compres

4. Coefficiento

5. Coefficient of consolidation,
" 10 % 10*

2 =
C,= 10mlyear = o <60 x 60
= 3.17x 105 em%/sec

ient of mﬁamm_uu..mnwr
B o e = € 1, = 3.17x 10 x 0.18 x 1000 x 104

= 5.7x 105 em/sec
Consolidation settlement,

cm¥/sec

=1

Ae 3.0x0.10
= Bl = Te120

Que 3.25. _ A normally consolidated clay layer of 10 m thickness

has a unit weight of 20 kN/m?® and specific gravity of 2.72. The liquid
limit of the clay is 58 %. A structure constructed on the clay increaseg
the overburden pressure by 10 %. Estimate the consolidation

[ AKTU 2019-20, Marks 07|

=0.136 m

settlement.

Answer E

o kst gy b, 1 10, Vst gt o35
7 =20 kN/m®, Specific gravity, G =2.72; Liquid limi = v oLeay
in overburden pressure = 10 %, quid imit, wy = 58 %, Hso.ummmm,

To Find : Consolidation settlement,

L Void ratio for saturated soil, e = .
for: 16=wG=0.58x272=1577
Compression index for remoulded soil, C, = 0.007 (w, — ,%
= 0.007(58-7) = 0’357 -

_mﬂammm at the centre of the clay layer, o =D =20 x 5 = 100 WZ\BW
nereases in stregs AT =10 % of

» . ! ‘ g, = Hco = 2
Consolidation settlement i given v@ *0.1=10%kN/m

-

B N

o

1+ NQ mc
- 035710
= ; 10
1+15776 *log mlwl%%lou =0.05733 m

—_—

CE-Sem-5) i
3-28A( Soil Compaction & Consolidation

Que 3.26. | In a consolidation test, the void ratio of the specimen

which was 1.068 under the effective res 2

to 0.994 eﬁwoa the pressure wasg Fnﬂagmmﬂﬂcmwﬂ ﬂﬂ”ﬁ% WMJHHMMM
the coefficient of permeability, compression jndex Also find the
settlement of foundation resting on ahove type of cla if thickness
of layer is 8 m and the increase in pressure is 10 rz\hn..

[ AKTU 2018-19, Marks 07 |

‘Answer_

. Given : Initial void ratio = 1.068, Final void ratio = 0,994
Initial effective pressure = 214 kN/m?,". .
' Final effective pressure = 429 kN/m?,
Thickness om‘nﬂw,%, layer = 8 m, Increase in pressure = 10 kN/m?
To. Find : Coefficient of permeability, Compression index and
Settlement. - SR . .
1.- Coefficient of Permeability :
i.  Coefficient of compressibility,

- Ae _1.068-0.994
Y AS 429-214
i Coefficient of volume compressibility,

e Ae _ 344 x10°*
" AG(l+e) 1+1.068
= 1.664 x 10~* m¥kN
iii. Coefficient of permeability, & = c,m,y,
Assume, ¢, = 4.8 x 10~ m/min
¥, = 9.8 kN/m?
E=48x105x1664x10"*x9.8
78.275 x 10~ 8 m/min

a

=3.44 x 10~ * m?% kN

2. Compression index,

& Ae  1.068-0.994
€7 logy, G/ c,) log hp[www
"} 214
C.=0.245
3. Settlement, S= C. H, log,, HEW
l+eg, Sy
0.245x 8 214 + .Su
. 1 = 0.0188
1+1.068 omsﬁ 214 “
S=18.8mm
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Q.1

What are yarious

. Explain consoliduiion.

- A soil sample 40 mm thick takes 40 minute t0

L

very important. These Q:a_e.: :
ur MHMMNQZ\PBM as twel] ke E_.
EXAMINATION. -~ .

3

H ?
mpaction ¢ d ¢
omp crties of a soil mass can be broug of g

What is €
ht g,

en .Bﬂﬁlﬁm—uHOﬁ.
through compaction 7

Refer Q. 3.1, Unit-3:

Which type of n..o=
Also give specifica
Refer Q- 3.3, Unit-3.

How will you perform the Proctor’s necdle test in asitef,
controlling the degree of compaction ?
Refer Q. 3.4, Unit-3.

tions of such rollers.

consolidation and compaction.
Refer Q. 3.10, Unit-3.

Write a short note on :
Immediate s-t{!ement.
Primary consulidation.
Secondary consolidation.
Refer Q. 3.11, Unit-3.

Briefly differentiate between :

Coefficient of consolidation and degree of conso
Laboratory consolidation curve and field cons
relationship.

Refer Q. 3.15, Unit-3.

m&_mo_w
olidat

Jayer 8%
Jo draint®

consolidation. Find the time taken for a clay
to reach 80 % consolidation. Assume doub
both cases,
Refer Q. 3, 18, Unit-3.

1.5 ¢

50 % pri .
0 % primary consolidation, when drained ©

types of field compacting equipmeny
ers are suited for clayey and grave] 5__%,‘

Also differentiate betwe:

-.un%wm_

f
!

f

¥

3

k

ol
A a
Saturated clay layer of 5 m thickness _;.Wmma o o

ey e

A (CE-Sem-5)

08

AN

Q.9.

Soil Compaction & Conzolidation

Determine the coefficient of consolidation (in m?/yr) and

the cocfficient of permeability (in m/yr).
Refer Q. 3.20, Unit-3.

fts coefficient of volume change m_ is 1.5 » 107> m%/kN.

In the laboratory a 2 cm thick soil sample takes 25 minutes
to reach 30 % degree of consolidation. Find the time taken
for a5 m thick clay layer in field to reach 40 % consolidation.
Assume double drainage hoth cases.

Refer Q. 3.21, Unit-3.

A normally consolidated clay layer of 10 m thickness has a
anit weight of 20 kN/m? and specific gravity of 2.72. The
liquid limit of the clay is 58 %. A structure constructed on
the clay increases the overburden pressure by 10%. Estimate
the consolidation settlement.

Refer Q. 3.25, Unit-3.

©eo
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[e=pat "8th

Soil and §
Stre

Part-1 .

th%.w

. Contact Pressure : .-

Part-3 :-

- Determination, Direct- mmn A ,.,,

Soil Liquefaction ~ -» -

Elastic Constants of Soils.luiwiri iyt
and their Determination,
Boussinesq Equation for
Vertical Stress, The-
Westergaard Equation

Stress uwmn.mmganu.Gﬁ@mﬁ_....... 3
Loaded Areas, Coxicept of - .
Pressure Bulb, -

Shear Strength : ..........
Mohr Coulomb Failure - "
Criterion, Shear Strength.. =
Parameters and . . ¢

Tri-axial Shear Test; "7,
Unconfined Compression Test,
Pore Pressure, Skempton’s. <
Pore Pressure Coefficients, -

4+1A (CE-Sem-5)

Stress Ummﬁio:ﬁos ;,

rmmﬁ. :

prosoe srars

42A (CE-Sem-5) Stresg Distribution jn

Soil & Shear Strength

} : " i ' l K ’ ; ' Catle

; N.meo Constants of m..&.% and their Determination, ,wo:%«pg .,..
Equation \.oﬁaxml«.nﬁ Stress, the Westergaard Equation.' - .. .

e ; @ﬁw&moum.gmmm

Fo.ﬁ..m gmﬁ%ﬂgmmﬁn _H,Sm&E..u bﬂmﬂmﬂ .H&.un Du.mwwmonm i

.| Write short notes on :

A .Noﬂmmmummn.m analysis.
B. Westergaard’s analysis.

And also, write comparison between these two analyses.

P WMVmwwﬂmma.m Amnalysis :

L. Stress at any point P’ in the soil mass due to point load ‘Q’ applied over
its surface at point ‘O’

can be computed using Boussinesq theory.
2. Assumptions : Following are the assumptions made in Boussinesq
theory :

L Soilishomogeneous, semi-infinite, elastic and isotropic.

ii. Hooke'slaw is assumed to be valid in this theory.

ii. Selfweight of soil is ignored.

iv. Soilisinitially unstressed.

No change in the volume of soil takes place due to application of load.
Distribution of the stresses is symmetrical about vertical axis.

The surface of the soil is free from shear stress and it is subjected to only
point load,

) > X

3.

www.civilguru.net- - -
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4-3 A ﬁcw.masé

al m:ﬁ:ﬁﬁ.:m

where, 3( 1

7= Depth of point below surface of soil magg,
- = Radial distance of point P from axis of Joaq

5/2

where,

_sef 1
= * 2 Tmhu-
z

Boussinesq’s equat
acting on the surface,

e

a
W g
Westergaard's Analysis :

Assumptions: Following are

theory : . .
Soil is homogenous, elastic, semi-infinite and non-isotropic.

Medium is assumed to be laterally reinforced with numerous closely

spaced sheets of negligible thickness.
In this theory medium is assumed to be horizontally rigid but verticall

elastic.

the assumptions made in ﬁmmﬁmwwmﬁ%

Q

Vertical stressisgivenby. c,= I, —
Z

1 = Westergaard’s influence facto
o1 o 3/2 :

w

- 2
H+mhhw
Z

( 1 3/2 @

2 2
14 mﬁhu 2
Comparisons be Z ;

ns between Boussinesq’s and Smmee.mﬁwnm.m TheorY’

2=

For any value of =

N. c.n.mHQch
I m = Nsmm
Z

NwHNE

;on for shear stress at point P due to point load g |

el

Cf-Sem-H) Stress Distribution in Soil & Shear Strength

sAA !
., VW1 (1 M
T T 2
2n r 1+ Nh Wu
Ht h\v z
¥
— =1.52
Z
i, 'The cffect of Westergaard’s assumption is that the concentration of

stress directly under the load is less than that given by Boussinesq but
exceeds it at some distance from the centre.

Thus at r/Z = 0, Westergaard's value is 67 % of Boussinesq’s value, at
1/Z = 1.5, both are equal but at r/Z > 1.5, Westergaard’s stresses are

mammeou.

A concentrated load of 30 kN acts on the surface of a

homogeneous soil mass of large extent. Find the stress intensity at
a depth of 8 m and (i) directly under the load; (ii) at a horizontal

distance of 6 m. .

Given:Q=30kN,Z=8m -

" To Find : The stress intensity :
i Directly under the load. :
i At m”voa.m.os.n&. distance of 6 m.

r=0,Z=8m

O.l mw H m\n
= 72 on|1+(r/ 27

5/2
3031 1 | _0994kN/m?

= g 2n|1+0
i Atahorizontal distance of 6m,r=6m,Z=8m
. r 6
- —_——= - HO.ﬂm
Z 8
30 3 1
6.= —X—| 53

== g on|1+(0.75)
0.0733 kN/m?

i Directly underthe load,

An elevated structure with a total weight of 10,000 kN is
e legs rest on piers located at
What is the vertical stress
t 7 m beneath the centre of

aca, 4.3."
supported on a tower with 4 legs. Th
mro corners of a square 6 mon a side.
increment due to this loading at a poin

the structure ?
OR

AR

WA

YIRS
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| 4-6A (CE-Sem-5)
in the use of the w°=mwmuam€m iy
ss in a soil due to a poing _aﬁam_.a
d termine T q
to de . with a total weight of 10,000 kN is &

ith 4 legs The legs rest on piers located at ¢},

Stress Distribution in Soil & Shear Strength !

Que 4.4 " |A rectangular area 2 m x 4 m carries a uniform load of

nwuozf_ m t/m? at the ground surface. Find the vertical pressure at 5 m below

€ cory, the centre and corner of the loaded area.
. - . .u-
on a tower With 2980 hat is the vertical stress incremey, ;" AKTU 2018-19, Marks 07
ofa m.n.waw.m m”p -M hnmm@omu_.. 7 m beneath the centre of the sty oﬁcuww r B
'Answer R ) ) )
: y :Refer Q. 4.1, P; R ' _"Given : Size of rectangular = 2 m x 4 m, Load = 8 t/m2.
A Assumptions of Boussinesqs Theory Q 2ge 424, Unjp . . 'To Find : Vertical pressure at 5 m below the centre and corner.
B. Numerical :

. . S 1. Vertical Pressure below the Centre of Rectangular Area:
Given : Total weight of structure =10,000 kN, Um@zu. omonrN = .:_w i  Therectangular area divided into small rectangle is shown in Fig. 4.4.1.
Side of square,a =6m ; . R “ I
ToFind:Vertical stress at point 7m beneath the centre of the structyz, At 14 im
. : B | S e h
| Radial distance of point,r = /3’ +3° =18 =424 m k Ay m Ay
1
N , I 2 m
. it ja—— 4 m —»| ,
e Fig AL
Ao | T L2
S3m N, i, m=—=-=04 i
|« 6 E|I._" - M w. “
_ = —=-=02
Pe 1@. - "=Z% {
- Fig. 43,1 iv. Vertical pressure is given by, 1
v | Sy |
2. The total load is distributed in 4 equal parts the load carried by one v. For the centre of rectangular area, all the small rectangle are equal, so, §
10,000 vertical pressure, 7
leg = = == 2500 kN o, =4ly
; i 1 2mnm® + 0?2+ m*+n®+2 i
3. The vertical stress at point P due to one leg, Iy= mﬁ o g e e + '
5/2 s &
(o] "luw@, H o N:uEASM.T;..-THuEN A_%_B.Hv ,‘
€l MﬁNm 2 tan 3 5 = | ~\& i
H+ﬁhu . m*+n*+1-m'n __.
2 | 1 T x 0.4 x 020047 +0.25 + D" 047 +02%+2
3 5/2 = ) 7,02 +1 i
= SX200F_ 1 - 11.152 kN/m? in| 040 0F 0T L 00T |
dmxy 4.24)° L 2x04x02047+02°+1) g ﬂ_
5. The tota] vert] TA 7 u B T 0.7 +1- 047 x 0.2 ‘
s v
ertical stress dye ¢ all four legs of structure = 0.0328 =4 x 8 x 0.0328 = 1.0496 tUm? ,
qu 4x % =4 x 11.152 2. Vertical Pressure at 5 m below the Corner:
0= 44.6 kN/m?2 L 4
i
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4-TA AO—w.ch.mv

n=
L lculs
: . tarly, value of® and n put ineq: (4.4.1) and calculate,
i, Similarhy, 0881 | -
% =qly=8% 0.0951 = 0.7448 t/m
iv. 0 kN acts on the surface of a soj]

load 1
45. {A nounmb:.wn& .
Que _ find the vertical stress at pointg

. 5 analysis 3 >
MH%MNCMM%W MMM Nﬂ‘mommﬂm on the 'axis of loading, and (i) at radial
i

distance of 2m from axis of loading and at depth of 3 m.

@Mﬁmnm. Marks 10

Given : Concentrated load, @ = 10 kN, Depth nm point, N =3 B i 8

w&&&&mgom&v&uﬁﬂuo Lt L Al

To Find : Vertical stresses. ; R S
Jsing Boussinesq equation :

Vertical stress at point 3m below the surface,
5

3Q 1 2

NU MHNN hﬂVn
1+| =
Z

—

G

(1]

_ 8x10 . P z
9 x 3* H+ﬁmuN

3
-  0,=053KN/m?
. Stress at radial distance of 2 m from axis of loading and at depth of 3m

isgiven by:

Q~H lwwﬁwo lHl g
“ 2

1+ mhw
_8x10[ 1 TR
21 x 3% 2

1+ hmu

6, = 0.21 kN/m?

Que 4.6 _ F
e or a sedim §
appropriate chmmm:mmuwﬁ.«. soil deposit, which solution is 110¥°
assumptions involyed 84's or Westergaard’
1 te the
load of 40 kN goty Mﬂ_ MMmEm Westergaard’s erMowW wcwuwwﬂ?uﬁmm
surface of a soil, Determine the verticd!

Stress Distribution in Soil & Shear Strength

480 Ahm.mo:-.mv

gtress jncrement at points directly beneath the load upto a depth of
0 m and draw a plot for the vertical stress variation upto depth of

[ARTU 2017-18, Marks 10 |

10m.

Answer .

A. Reason for Appropriate Solution :

1, Boussinesqs solution assumes that the deposit is isotropic. Actual

sedimentary deposits are generally anisotroipic.

9. There are generally thin layers of sand embedded in homogeneous
clay strata.

; 3. Westergaard’s solution assumes that there are thin sheets of rigid
materials sandwiched in a homogeneous soil mass.

4  These thin sheetsare closely spaced and are of infinite rigidity and are,
therefore, incompressible.

5. These permit only downward displacement of the soil mass as a whole
without any lateral displacement.

6. 'Therefore, Westergaard’s solution represents more closely the actual
sedimentary deposits.

B. Westergaard’s Theory Assumptions : Refer Q. 4.1, Page 4-2A,
Unit-4. ,

C. Numerical:

* Given : Vertical load, @ = 40KN, Depth, Z=10m

: *; ToFind : Vertical stress variation upto depth 10 m.
e emdghinty, | . ' o
=32 L
2T oz T
14(3)

2. Radialdistance, r=0

3. Verticalstress, ©,= 5 72 2xn Z* z?
4. When
z=1, o, = mw.mm =TSN
z=2, o, = %\Mb = AT
Z =3, 0. = .H%%.m ac
\ Z =4, g, = ,H\mu_..w..-b =1.194 WZ.\E.‘.
Z=5, o, = w@m.mm dia
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Geotechnical Engineering . maE.E

_ 1910 _ 4 53 kN/m?
9% 736

5= 1210 _ 039 kN/m?
NH ,N. s #w

o = 1210 _ 298 kN/m?
Z= m. 2 64

_ 1910 _( 236 kN/m?
Z=9, c.= 81

19.10 2
- 2220 _0.191 kN/m
Z= HO_ g HOO

Stress, o, —»

e s e,

=

ESToaCooonE

e

e -1 HATH b H Hethi TRH]T; ] R
s H12d {1143 16 h 20 il
| T i
Sl u
il f 111910 Hitl
_ﬂ .“: ; | 1l il Wm H i
2z Eiili :
N 119 g _
2 m.f_:u ! w i | —
3 A i
} LE i _W*“” *
i i
AR e
_z
I

P
S

==

ress baa.&.:ga Under hog.& Areas, Concept of Pressure Bulb
Contact Pressure, -~ % il

Questions-Answers

HLOH—W ?msmn. -H_mevm m.—uﬂ EG& “r

Que 4.7 Deyi
ol erive an expr s
p essi .
circular area. ) on for the vertical stress under &

etermi .
below and at a radia) &NMWMM orcal stress at a point P which is 3
Use Westergaarg °t3m from the vertical Joad of 100 kN:

8 solutiop, - ——
o [AKTU 2017-18, Marks 1¢

4-10A (CE-Sem-5)

Answer _

vertical Stresses Under a Circular Area:

1. Let usdetermine the vertical stress at the point Pat depth Z below the

ntre of a uniforml 2 i
mmm. 4.7.1. rmly loaded circular area as gshown in the

2. Lettheintensity of the load be ¢ pe
loaded area. Boussinesq’s solution

3. The load on the elementary ring o
q(2 nr) dr.

4. 'The load acts at a constant radial distance r from the point.

Ac = wExmn&JxPx 1

£ orn 22 [L+r/ NWJ.:N
Intensity = ¢

Stress Distribution in i1 & Shear Strength

runit areaand R be the radius of the
can be used to determine o .

k4

f radius 7 and width dr is equal to

Fig. 47.1. Circular load:

5. The vertical stress due to entire load wm.qump by,

(47.3)

R
c,= 3q¢Z° .q rdr

° C.N + vaﬂw
6. Let r? + 72 = u. Therefore, 2r dr = du
Eq. (4.7.1) becomes,

o, = 3¢Z° .—.Z»_ au

2 52
“ zt 2u

- Nu H I.|H|
= -q QNE + 25" AN.JQB

1 1
3| ——
= QN Nu Amﬂ» +Nuvu\mg

1 w2
or =q 1- H+Q~\NVL

or QHNnXQ

2
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7.

o circular arca, and is gy, by
L}

where L3¢ thenflt _ ) 5
1= PR NL ity
) for the influence Som._&o:_o I nm can be written in terms vy
Eq. (4.7.2101 p; , oo debl
angle 20 mczgwﬁ .;o Wom\N. e |
H\mn » — H 3/2
- ——5
~..n 1 Hulﬁwbn m*
32 = 1-cos®0
v (473
indics ‘Nm%mn as 0 tends to 90° the value of I, mvvuomnrmw
ma.z.qS e word hen 8 uniformly loaded area tends to by very

itv. In other words, ¥
MMM in comparison with the depthz,
mnnznaa ely equaltog-
Numerical

Given: Depth of point p,Z=3m
Radial distance of point P, 7= 3m,

.EEE_;@&&mqmmmmgcﬁ%. R s |

Westergaard's equation is given by, g
H

the vertical stress at the point pj;

.
A

Load at point P, @ = Hoowz b

|\|I|Hmm |Nlm.

%% T+2r/Z)
1 100 _ 5 681 kN/m?

6. = — = owpliz

:= T+ 263/3° " @

Que 4.8. _ Derive an expression for the vertical stress for a line
load and for a uniform load on strip area.

Answer

1L

i

Line Load :

If the line load wm .Sq intensity q per unit length parallel to Y-axis on the
surface of a semi-infinite elastic medium, the vertical stress o, at a point
P, as shown in Fig. 4.8.1, is given by, ’

5 .
o, = . % Woomhm (480
Eq. (4.8.1) may also be expressed in the form,
o-29f_1 T (48

z

tZ|1+(x/Z)
where, Z is the depth of poi i . :
along X-axis from mzw m_:_wu H_UMMMW. and x is the horizontal distanc® ew

Stress Distribution in Soil & Shear Strength

g/unit length
— +X
N
Z
+Y G,
VA x P

Fig. 4.8.1. Vertical stress due to .:N:.w load.

9. Strip Load :
) at a point P, due to auniform load of intensity ¢

i The vertical stress (o,
on strip of width (B) and semi-infinite length (Fig. 4.8.2) is given by,
o= m (20 + sin 26 cos 29) . (483)
U
i IfthepointP is directly below the centre of the strip, i.e., $=0,eq. (4.8.3)
becomes
o, = 1(20+sin20) (4.84)
T
where, 26 is the anglein radians subtended by the width of strip at point
P.
|
I Bl |
[l 1
AEAN BAAL
J—ll. 7 ! e i
\ \\\e/“ e . &
1 7 [ i
A |
\ g oA
I /s s 1 .
Z A | B
VY 1 1
[ ! ]
9 i’ "
O, I \M\\ \ ‘
%wv i
¥ P .
. Fig. 4.8.2. Vertical stress @:@,_ﬁp.m_c..ﬂ_v.fmm.ﬂ
th 2 m carries a load of i

.wc.o 4.9, | A long strip footing of wid
350 kN/m. Calculate the maximum stress atadepth of 6mbelowthe ¢

centre line of footing.
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Geotechnical Engineering

‘Answer, _ SR e e e SN
' Given:Widthof footing, B =2m, Depthofpoint, Z=6m, Tatensiy, -

vens ¥ . $
om_Emm = 350 kN/m. _

To Find : Stress at a depth of & m below the centre.
o -

1. Stressisgivenby, 0, = mﬁ. 20 +5sin26)

B/2_1 _167=0=95°
0= 7%

29 = 0.33 radian
- 350 _ 175 1N/m?
2=

=~

0. = 115(0.35+0.325) = 36.5 kN/m2.

Y

1o

Que 4.10. _ Two long boundary walls of small width run Paralle] ¢,

each other at a distance of 3 m apart. The self-weights of the wallg
are 25 kN/m and 15 kN/m. Plot the distribution of vertica] stresg
intensity due to the walls on a horizontal plane 3 m below the ground
level :
Answer
" Given: Self weight of walls = 25 kN/m and 15 kN/zh ', . ©
Distance between walls = 3 m, Depth of plane=3m: .-
To Find : Stress &m.qmuﬁmang.. R T

L Vertical stress due to line load at Z’ in depth from the ground level,

’ 2
o= 2| 1

)
"z
QNNQ\N . .
where, =2 1 T
. .- >
1 ﬁ&
"z

depth from the ground level,
. %y =qply=15

Vertical Stregg Due nﬂ S‘h_@w . *Iy

Atpoint 4,

HHO.NN&E

B o<

414 (CE-Sem-5)

Stress Ummﬁlv:zob inSoil & Shear Strength
Wall-A 25 kN/m

3m

Wall-B

15 kN/m
Fig 410,

- 2 1V
G, =25 —_—
AT uxu.zT+L
Stress under the wall - A, o, = 5.30785 kN/m2
i AtpointB,x=3m,Z=3m

2 1 \?
Tz
3x3.14 14 h MW
3
Stress under the wall = B, 6, = 1.32696 kN/m?
5. Vertical Stress Due to Wall-B :
1L AtpointB, x=0,Z=38

G, =25

2
2 (1Y}
%= 15x wxwkfég

Py

Stress under the wall = B, O = 3.1847 kN/m?
il AtpointA,x=3m,Z=3m

2 Y
°p=15 | 3x3.14 L ﬁm%
"\3

Stress under the wall =4, qu 0.7962 kN/m?2
6. Stress Distribution :

<>
BT QP _a Ve

e c‘&.“

LERSURATRE )

mmmwmwﬁ.
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_Gem-5) Stress Distribution in So;
alum.P:uw.on | a\_m.PAQm Se 101 1n Soil & Shear Strength
%) ; _Al B IV_ |
. Q )
—-mnWH—ﬂw Uv- ﬁﬂ@m%:ﬂo ~WOTN i i et . .
what 0 you ande ) rg ang y _.
Que 411 . rtance of pressure ulb. , |
S b7 GivetheimP . |
uhm\ﬂhm\q 0.8 M
-Answer e Bulb: 1
£ d Pressur’ . ,
A Pressure .Hmo,a.a. M_w “ch connects all voE.a of equal stress beloy, ty ~15B _,
L An isobari1s @ Emm ke words, an jsobarisa mw..mmm A.”oioE.. ,
ground mmhwﬂo..m muw number of isobars as shown in Fig. 4111 g5 ay
2. Wemay .
. ;stem. .
m:.mu.smm Sy ts a fraction of the load applied at the surfage
3. m.mn?.mmwwm« Wwﬂwﬂnma closed figures and nwmmJEM raﬁ form of a by, \
4. SInceEuEs g fpressure or simply the pressure by, . i
) ¢d as bulb of press . € bulb, ) Contours of equal vertical stress under a
. »/@Mw are MMMNM‘W% o drawn for vertical, ronNoamL and shear stregg,, (a ¥ p d square area (B x B).
m w.:n one that is most important :m the calculation of settlements ) _ w\_
footings is the ve rtical pressure 150Dar.

Isobar

Combined
stressed zone

Lines of

equal vertical
_pressure or : :
isobars .

0.29
(Combined)

Fig. 4111, Bulh of pressure. .

/\ .

B. Importance of Pressure Bulb : i
1 I n his opening discussion on settlement of structures at an Internatio ; () Prossure bulb for closely spaced square footings (loaded areas)
Conference held at Harvard University in 1936, Terzaghi u%.on%_@. AR
stressed on the importance of the pressure bulb and its relationsh? [ Fig. 4.11.2.

with the seat of settlement. Que 415 . .
2. Asstated above, we may draw any number of isobars for any aﬁaﬁm e uu A water tank is supported by a ring foundation having
(buch as isohare of 0.8¢,0.64, ...... 0.1¢), but the isobar that isof 9.5_“% outer diameter of 8 m and inner diameter of 6 m. The uniform load

ﬂ_.r.:wms:_n_. is the one which encloses a soil mass which i8 responst ““io:mm@ on the foundation is 200 kN/m? Compute the vertical stress
or the settlement of the structure, , o ..E_mon_ by the water tank at a depth of 4 m below the centre of the
guch azone” oundation, .

Terzaghi recommende : i 3
smmended that for all practical purposes, r of va¥

be tuken ¢ vy ‘
oo en as 9_.‘ zonc bounded by the vertical stress contod Answey
4. The depthwhere the ver gtin® S
“priwnere the vertical stress in the s ._Bmmmaoﬁ_caeﬁco. b a0 e et e e MR RTE ST N, BT
Aﬁe foundation contact prewsure is, thus r:ﬂé: as the siggnificant ) _m tven : Iutehsity of UDE = 200 kN/n®, Z'=41, D,= m::.b,w =i ]
1] .Eh.m th | . redl L sw_=a~"<m§cs_ stress, -~ ARSI R TR T
pth D, cvidently, ¢quals to 1.6B (approximately) for a 80" wo:zm_:cm..~ equation for uniform load on circular areais applicable to

finding y loaded circular ared has been

i circular foot; ing: .
voting, where f the footin vortical stress under a wholl

B is the width or diameter 0
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Geotechnical Enginecring Aow.uua:_.e
-o the entire circular areais ngt |
; h cases where theen ¢ oadg
. v . ——
Fig. 4.12.1. Laaded ring portion
Fig:412.1.
3/2 3/2
1- 1 n _1- 1 .
G.=q R q ﬁw..u @.Hm.:
. 1+| =2 1+ =
H A Z
where, R, = Outer radius of ring.
R, = Inner radius of ring.
2.  Here, D =2R =8m=R =4m
D,=2R,=6m=R;=3m
1 2 1 /2

200| 17| — 7| |-200[1- _
@) e
4 1 "\

32 312
= 200 HlﬁWH_ -200 HI_H 1 Q

1.5625

= 200[1 - 0.354} — 200[1 - 0.512]
= 129,29 - 97.6 = 31.64% kN/m?

.

Shear Strength : Mohr Coulomb Failure ,Qz.wmw_.a:. .wwmaﬁm#m:m%m

Parameters and Determination, Direct arid Tri-axial-Shedr Test; |
Unconfined Compression Test; Pore Pressure, Skempton’s P

Pressure ﬁcmﬂn«mi‘ﬁ 9.:&.%@%,N‘\E:m\.ﬂn&a.x..w

b2 e

 Long Answer Ty and Modiion Aewer Type Questions

L18A (CE-Scm-5) Stress Distributiop, inSoil & g,
\u\\\\}l/ * ohe

a:.eﬁ.pm. What is Mohr's circle ? Discugg

h E.:a:wlmﬂnm.

, Mohr’s Circle :

1, Mohr’scircle is a graphical represent,
apoint.

9. Itcanbe shown that the locus of s
through a point is a circle, the Mo

3. Todraw a Mohr circle, the normal stregg o ; )
shear is plotted along the Y-axis. @15 plotted along the X-axisang

4. This method is used for evaluation of principal .
stress, normal and tangential stress Palstresses, maximum shear

X €s on any gj
Characteristics : Following are the | Y given plane.

its

tionof 5 general state of stress at

tress coordinateg (5, 1) for

hr cirele of stress, Al planes

1. The maximum shear stress t
occurs on a plane inclined at
4.13.1.

2. Point D on the Mohr circle represents the stresses (.
an angle 6 with the major principal plane, ,

max 1S Dumerical]

yequal to (g, — i
45% 10 the principal glog, Ly 22 and it

pal planes as shown i Fig.

T)on aplane make

TFig 413.1. Mobrs irele

Shear stresses on Em,bmm
equal but are of opposite signs.

8 at mwmmymumﬁmrmm. each other are numerically

Describe the Mohr-Coulomb failure theory.

>on2_.&mw to Mohr, the failure is caused by a critical combination of the

0 normal and shear stresses.

When the soil sample has failed, the shear stress on the failure plane

defines the shear strength of the soil. Thusit is necessary to identify the
failure plane,

www.civilguru.net
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Geotechnical Engineering A AOm,..mrz:.e

3. Failure of the material occurs when the Mohr circle of the Btrg
~ touches the Mohr envelope. failure envelopo on ¢ S804
4. Atthe pointof contact (Droft m rmal stresses i 1¢ Mohy Cirelg
" critical combination of m:m,mn an _mo_u .nr ;i % 18 reacheq psa_ thy
fajlure occurs. The plane indicated by the hne PD jg ercgmog ””a
i ane. g ' o
5 MMM.WM%H circle s_Eo:. H.mom below the failure envelope novnammz
h (non-failure) stable condition. bo wri 8q
6. The Mohr-Coulomb failure o:mo:ob can be written as the me.smoﬂ,
. the line that represents the failure envelope. The general equatj, {07
s=c+otand Mg,
where s = Shear strength on the failure plane,
’ ¢ = Cohesion strength.
o = Normal stress on the failure plane_
& = Angle of internal friction.

Not possible

oL gaes?

Failure ‘Envelope

\
V4 Lo ¢
Stable ©C

Fig. 14,1, Faiure Bavelope

0
Que 4.15. _ Describe direct shear test. What are its merits and

demerits ?

Answer _

Direct Shear Test :

A direct shear test is a laboratory or field test used by geotechicl
engineers to measure the shear strength properties of soil or rotk
material.

The original form of apparatus for the direct application of shear forceis
the shear box. _

=

The apparatus consists of a square brass box split horizontally at the

level of the center of the soi] sample, which is held between metal grlle’
and porous stones as shown in Fig. 4.15.1.

Vertical load is applied to the sample as shown in the Fig. 4.15:1 and}
held constant during a test, ‘

. . ﬂ_—m
A anm:.m:ux Increasing horizontal load is applied to the lower ﬁm&&.
box until the sample fails in shear.
The shear ~.omn_ at failure is divided by the cross-sectional aréé ’
sample to give the ultimate shearing strength.

{ihe

204 (CE-Sem-5) Stress Distribution iq Soil
e load divid 1S
The vertical load divided by the arq, of the gam le i
7 vertical stress o. Ple gives the applieq
g. Aproving ring is fitted to the upper half of 4 box to
" force. As the box moves, the Proving ring records ﬁramm,ms.m the sheap

Proving Normal lgaq Attt
ring :
Upper ha)f
- Shearing
3 /.  sample foree
o
.I.Illo'“\\h\.ﬂ\\“\“\l\\\k Lmer

Fig. 4,15.1. Direct shear tast’
Merits : Following are the merits of direct shear test -
A direct shear machine is simple and fast to operate, ’
9. Direct shear requirement is much less expensive as compared to other
tests. )
It is easy to test sands and gravels. .
4. Large samples can be tested in large shear boxes, as small samples can
give misleading results.
Demerits : Following are the demerits of direct shear test -
The distribution of normal and shear stress along the predetermined
failure plane is very complex.
Drainage condition during this test cannot be controlled as the water
content of a saturated soil changes rapidly with stress,
The area of the failure plane is not constant during the direct shear test.
This area will be less than the original area of the soil specimen.
The soil is sheared on a predetermined horizontal plane. This forced
plane is not necessarily the weakest plane. This is the most important
limitation of the direct shear test.

The effect of internal restraint by the side walls of the shear box is likely
to affect the results.

The measurement of pore water pressure is not possible.

-

©®

6.

@._,3 p.».u.a._ Describe the triaxial shear test. What are the advantages
of triaxial shear test over the direct shear test?

Triaxial Compression Test : .
: i .4.16.1.

Adiagrammatic layout of a triaxial test apparatusis .mrewd n ﬂmhm il
2. Inthe triaxial compression test, three or more amns.am Mﬂuuocum the
are subjected to uniformly distributed fluid pressu
¢ylindrical surface. .

The sample is sealed in a watertight rubber EM%NMMWM
4. Then axial load is applied to the soil sample untilt

—
()
<
>
=
=)

o)

=

o
=
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5  Theclaysg

. ical Engincering :
Geotechn — load is applied to the soil samp]o

’ : i
- anoznr O:—w. com m.m:_:#

. ] faces. hoftl il
shear on internd inc the shear strength of the soil from ¢
-« nassible to determine Ee:g
g. Itispossib
t failure.
loads a Deviator stress
Ram
\ Rubber membrang
» L~
Sampl
“o .
7 = Drainage/Pore pressure

Cell pressure

Fig. 4.16.1.

Advantages of Triaxial Test over the Direct Shear Test ;

The soil samples are subjected to uniform stresses and strains,
Different combinations of confining and axial stresses can be applied,
Drained and undrained tests can be carried out.

Pore water pressures can be measured in undrained tests,

The complete stress-strain behaviour can be determined.

The triaxial machine is more adaptable.

DO Lo

Que 4.17. | Explain the unconfined compression test.

OR
Describe the unconfined compression test ? What is its advantage

over a triaxial test ? _Wﬂﬂd No;.mcmivnmmiew_

.b,u..mamn _

Unconfined Compression Test :

L Cumo:.mnmm compression or uniaxial compression test isa special caseof
a triaxial test.

2. The unconfined com
specimen of a ¢oh
strength.

. ) indrical
pression test is performed on unconfined Qr:&._.nw
esive soil to measure its unconfined compressio

It is carried out wj , i iaxial ¢l
assembly ig zoM~ without any confining pressure and the riaxial

: required, making the tegt d impler.
B ) procedure simp '
Itis carried out op saturated clay specimens that can stand _EmE%o_.gﬁ_

. . 1 €
Pecimen is loadeq axially where the load is increased to fait”

The loading ig carried out quickly

4224 (CE-Sem-5) Stress Distri bution in Qo) &

2 Shear Strength

uring the loading, the axial shorten, of the spaci a i

6 _US& are measured at certain intervalg Mcs Smmﬂ\ﬁwﬁmwﬂwm.ﬁm m .vnrmn
can be generated and the unconfined Compressive .ﬁnmzwﬂ. TR plor

7. Thigis asimpler but less reliable methoq. .

>‘ dvantages of ::nﬁ.ﬁ:mn compression

i Thetest is convenient simple and quick,

i [Itis suited for measuring the unconsolidated-undrajned
of saturated clays.

jii. The sensitivity of the soil may be easily determ
test on an undisturbed sample and then o the

test over triaxial test :

shear strength

ined by conducting the
remoulded sample.

Que 4.18. _ Describe the vane shear test. What are the merits and
demerits of vane shear test.

-Answer
Vane Shear Test :

1. This test provides a simple and quick method of determining the
undrained (vane) shear strength of relatively soft clays.

2. Itisarotational sheartest, in which a cylindrical volume of clay is made
to rotate by a cruciform vane pushed into the clay.

3. The opposing shear resistance between the cylinder and the surrounding
material is determined from the torque applied to the vane, which is
measured by means of a calibrated torsion spring and hence the shear
strength of the clay can be calculated. .

4. The shear strength of the soil is determined using the formula,

T = nsID?H/2 + D%/6)
where, T = Applied torque.
H = Height of vane.
D = Diameter of vane. -
s = Undrained shear strength.
Merits : Following are the merits of vane shear test :

1 The testis simple and quick.

2. Itisideally suited for the determination of the in-situ undrained shear
strength of non-fissured fully saturated clay.

3. The test can be conveniently used to determine the sensitivity of the
soil,

Demerits : Following are the demerits of vane shear test : o

1. The test cannot be conducted on the fissured clay or the clay containing
sand or silt lJaminations. . .

2. The test does not give accurate results when the failure envelope is not
horizontal,

Que 4.19, | What are the advantages and disadvantages of triaxial
[AKTU 2015-16, Marks 10

Compression test ?
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Advantages : Following are the various advantages of .S.:zaz
v st

. st: i iy
%Bcaﬁm“w”ﬂ%w? control over the drainage conditions. Tegtg
1ere 15

cily conducted for all three types of drainage conditions,
easily os and the volumetric changes can be Measyre

can ro

Pore pressure chang
directly.

The stress distributio
The specimen is free to fail

The state of stress at all intermediate mnmmmﬂm upto failure is knowp, The
Mohr circle can be drawn at any stage ol shear.

The test is suitable for accurate research work.

Disadvantages : Following are the disadvantages of triaxial compressiog
test:

The apparatus is elaborate, costly and bulky.

The drained test takes a longer period as compared with that in a direct
shear test.

n on the failure plane is uniform.
on the weakest plane.

It is not possible to determine the cross-sectional area of the specimen
accurately at large strains, as the assumption that the specimen remains
cylindrical does not hold good.

The test simulates only axis-symmetrical problems. In the field, the
problem is generally 3-dimensional. A general test in which all the three
stresses are varied would be more useful.

5. The consolidation of the specimen in the test is isotropic whereasin the

field, the consolidation is generally anisotropic.

Que 4.20. _ Classify shear tests based on drainage conditions.

Answer _

Types of Shear Test : Depending on whether drainage is permitted
during the consolidation stage and the shear stage, the test conducted
on the saturated soils for determining the shear strength are classified
as follows :

Unconsolidated Undrained Test (UU Test) :

Drainage is not permitted at any stage of the test, that is, either before

the test during the application of the normal stress or during the test
when the shear stresses are applied.

In this test a minimum of three soil samples are subjected to differen®

confining pressures g, and the i . ok
r . nloaded Iting Mo
envelope will be ag m%cés in Fig. Pwe.o Mo flore Theresuine

LA (CE-Sem-b)

3.

Streys Qm.i_é:ca inSoil & Shear St
rength

—

Failure envelope

Shear stress, t
>
=
=
n
<>

uu
1 w
Tumvu AQ%N ﬁa:.vu an_\.‘.w
Total normal stress, ¢
_Fig.4.201.

The Fig. 4.20.1 is &mﬁd.«iﬁw total stresses apd hence defines tota}
stress parameters. The failure envelope is horizontal and wrmmu strength

is given by,
.n\ = n::

where ¢, = Cohesion intercept in unconsolidated undrained test. Angle
of shearing resistance ¢, is zero.

Consolidated Undrained Test (CU Test) :
Drainage is permitted fully in this type of test during the application of

the normal stress and no drainage is permitted during the application of
the shear stress.

Tn this test soil sample is initially consolidated under confining pressure.
This pressure is known as initial effective confining pressure (3, ).

After consolidation, the confining pressure and pore water pressure
may be increased by the same amount thus keeping the effective stress
still constant at G, . This operation is called application of back pressure,

ug. Back pressure is applied in order to saturate the soil sample and to
facilitate measurement of negative pore water pressuré during
application of deviatoric stress in the case of overconsolidated clays.

The soil sample is sheared under this elevated cell pressure cyandit mm.mmu.p
ata vertical axial stress of o, Mohr's circles for determination of tot
stress parameters are drawn with (o~ 1 g and {(o5— up)= G las B&o g
and minor total principal stresses at failure, respectively. The resulting
failure envelope is shown in Fig. 4.20.2.

Shear strength of soil can be expressed as,
= (I tan %n_.

. mwmwnmm
where ¢, and ¢ aretotal stress uE.E:mnmam.oa SEQEE&EH
test. -
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/.s
=

4-26 A (CE-Sem-5) 3

Sample 2

——
P

il is consolidated und ;
6. The 801 C under the 4
for shear by applying the sheg PPlied normg 8

r str
Sample 1 permitted at every stage, es8alag very g1,

tresseg and;
. . 13tegt,
#ly while gr mmhmmmo“

"I Shear stress,

7. Inthecase of .SrmmFo 80ils althoug )

case of cohesionless soils ag the Fww@wﬂqw mu%%r Yime is required i the
g. This testisalso called CD test anqg slow tegt icidy.
@ﬁ.m ,h.NHA. Write ”?Qﬁ.ﬂ the 85:&8@!5.5 Yra;

! out the shear strength parameters, )

_ petween the deviator stregs versu
gsand both) and variation of porew
(for loose and dense sand both). ater pressure versus

~
n
=

-~
Qaj e
"
R
=
=s]
v
=
"o
w
O
n
&
Y
7
[
—_
a
&
|
&
o
~—
-
24
a
=
|

d test for findin
Also show and &
wmww. A.w.a.n. Total m.n,nmm.w failure .mb.«&o% wﬁ..ﬁ.nr »mmn

C. Drained Test (CD Test):

axial straip
inage is permitted fully before and during th _ | Answer |

1. Drainage is permitted fully before and during the test at every gtag, A Consolidated Undrained Test ;

2. In consolidated drained test the sample is first consolidategd und, est : Refer Q. 4.20, Page 4234 Unit4
confining pressure. Then the sample is sheared under the same o der B. Curves: .
pressure. Thus in this test 6, = G, . L. Curve between Deviator Stress and Axial Strain :

: . , i  The Y-axis shows the deviator stress . :

3. Drainageis permitted during shearing of ! Or stress and the X-axis, the axial strain (-
pressure at w.m stages of emmﬁmmm Zero m%m m.mMEEmwmmmﬁnm, the pore watey . ~Fordensesand (and over-consolidated cla ), th i ST ()

4. Mohr's circlesi - . ays ellective stress prevails, a peak value and then it decreases and _ummm . %MES« i

. § circles in terms of effective major and minor principal stressesat to the ultimate stress, at large strains as mw”_ww in wwwm» Mo muuutwmbr equal
failure G,, and G,, = G R ; .4.21.1.
sire u i = Tepr FESR ectively, can be drawn to get effective ii. For loose sand (and normally consolidated clay), the deviator stress
Fi memw_.msmamam. The failure envelope for the test is shown in increases gradually till the ultimate stressis reached.
1g.4.20.3. .
4 Peak stress
| . Yy ' Dense sand
Sample 2 0
. < _ u - — - - /- Ultimate ~~——
i \%ﬂ $.q OT bg . » stress
E | S
i s q Loose sand :
= Tk
< @
= a
l’%& = T o%) Axalstrain—
s, | FIg 4211 Deviator sfréss s, axial st
(Gy), (5,) NS N Curve between Pore Water Pressure and Axial Strain :
=(3,), =( mn.wN Effoct: Aah} aiu i L Inaconsolidated undrained test, there isan increase in wvm pore water
Fig. 4.20.3. By T ective normal Btress, & , vammﬂnm throughout for loose sand (and normally consolidated clay), as
o XA, vtdy d £ e mﬁ AT e gy it g ot a e 8 1 .
5. Shear strength is exor, ress failure envelope for Obemmi . ownin Fig. 4.21.2.
Pressed ag,

1 However, in the case of dense sands (and ocmn.noumommmmmm.nwm%v. the
T,=F o= - Pore water pressure increases at low strains but at large mn.au.,m it becomes
[~ Cy+Gtan ¢ it =€, + G tan mn .o Negative (below atmospheric pressure). - :
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Geotechnical Engineering

Normally consolidated clay
(Loose sand)
(¢ %)
Ve Over consolidated clay
(Dense sand)

Pore water
presgure (Au)

y . e kv a B o o A O, )
 Fig. 4212, Pore pressure vs. axial strain (¢ %),
What are the Skempton’s pore pressure parameterg 9
etween pore water pressure and applieq

[AKTU 2015:16, Marks 15
[AKTU 2016-17, Marks 1

Que 4.22.

Derive an expression b

stress.

Answer -
A Skempton’s Pore Pressure Parameters :

1. Skempton introduced a simple concept to estimate the change in pore
water pressure (Au) in a soil element due to the changes in major and
minor total principle stresses (Ac, and Ady) in undrained loading.

9, There are two type of pore pressure parameter B and A.

i B=Itcanbe defined as the ratio of change in the pore water pressure
with the change in the cell pressure.

i  A=1It can be defined as the ratio of change in the pore water pressure
with the change in the deviator stress. ’

B. Expression of Pore Pressure Parameters under Deviator Stress:

1. Letus Snmamn. E.m element of a saturated soil which is in equilibriu®
under three principal stresses 0,, 6, and o, are shown in Fig, 4.22.1.

pd

ﬂv.u. + DO.Q.
Y

151
Y

O3 03

4.&‘- .. & .. TN 2 . A P S A S
18- 422.1, Pore pressure under deviator stress.
When the element i i e ctress o (oo e
: . 18 subjected to a devi =, -0g)h 1!
Increase in pore water pressyr feviatorstress o=y % ffectiv?

e be Au,. The changes in the €

stresses in the three directions are given by

3.

Stress Distribution in Soj] & Shear Strength

AG, = Agy - Au,

-(4.22.1) |
AG,=-Au |
3 4 -(4.22.2) | ¢
ond AGy = - Au, .(4.22.3) |

Inan elastic material, the volumetric strain A V! Vyis equal to the sum
of the linear strains in three directions, and is given by,

W%nbmw+>m~+>mw !
where, g, = Strain in the direction-1
-, (4, 55)
E E E
&, = Strain in the direction-2
g " E
g4 = Strain in the direction-3
- (5,55)
E "W E
AV, 1-2u, _ .~ .= )
erwummomm, v = z (A3, + AG, +AG;
L]
AV, _ 3(1-20) Tm_ + 46, + 4, u (4224
v, E 3
Becatuse the soil is not a purely elastic material, eq. ﬁ.mw..,c for soils is
modified as,
[/ hEu (42259)
v, U
he soil.

where Oh._ is the coefficient of volume compressibility of t -
. — 9 1), (4.22.2
Substituting the values of 46, AG, and AG; form eq. (4.22.1);(

and (4.22.3) in eq. (4.22.5), we get

A, o @mﬂ\@\.iu

oil mass is a%

Vv, 3
z ..(4.22.6)
WAW.H |Qw_;§q.__ -3 Au,) . :
. :on in the volume 0
As in the case of mmomuovmo consolidation, the reduction in |
fluid in voids is given by,. o a®:D w
AV, =C, (nVy) Aug tothere ductionin |

As the change in the volume of thes
the volume of voids,

;
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€, (ac, -3 Auy) Vo= CnVy) By

W:QQ#OLSHQ_,«\.QSQKE
d t Q_ umbamu
Déuﬁ:n.,é. 3
(Fass
e TFQLXW o
g

s, Becauseasoil is not perfectly elastic, the constant 1/3 isreplaceq byAiy
" the above expression. Thus,

Auy= wn.c x(Aoy)
T + C. w
Au,=AB(Acy) ~(4.228) -
Eq.(4.22.8) can also be written as,
Muy = Aldcy)
where, A=AxB

9, For a fully saturated soils, A isalsoequal to A4, as Bis unity.
The value of the pore pressure parameter A can be determined
experimentally in a triaxial test. .

D:m@_&m; What is the significance of the pore pressure

coefficients ? Illustrate the answer by an example. How are the pore
pressure parameters A and B determined ? ;

Answer _

A, Significance:

1. Skempton’s pore pressure parameters are very useful in field problems
where pore pressures that are induced consequent to change in the

total stress may have to be computed.

moam water pressure play a ve

shear strength of soil.

B. Example:

to

ry important role in determining the

-

Embankment constructed ra

2. Large earth dam const
soft clay.

pidly over a soft clay deposit.
ructed rapidly with no change in water content of

Footing E.momm rapidly on clay deposit,

N

W

\\\\\I.\‘

Umaonimunsob of parameter A and B

Streas Distribution in Soil & Shear Strength
———— " Vlrength

parameter B can be determined in a U7 test. The cell

L 1t R . Pressure ig
increased w.Q Aoy and the noﬂmmvozmwsm. Increase in pore pressure Au,is
Bmumcnan in the first stage of the triaxial test, Then, B = Au/ Ao

-_— - W‘
,, Parameter A is measured during the second stage of the triaxial test, If
. Au,, is the pore pressure increase due toan increase in deviator g

tress of
(Ao, — Aag) with cell pressure being constant, 4 = B, (As, ~ Ac,). For

a completely saturated soil, A= A
3, Fora fully saturated soil, parameter A can also be determined easily in

a CU test.In this test, since Ac,=0when the deviator stressis applied,
A =Au/(Acy —Acy) = Au/ Ac,.

Dﬁ@hhh. A series of consolidated undrained tests on a soil gave

the following results : Coyy = C' o= 05 0y = o' oy = 30% A sample of this
soil was rested in a consolidated undrained test under a cell pressure
of 150 kN/m?, Determine :

i. Deviator stress at failure.

ii. Pore water pressure at failure.

iii. Minor principal effective stress at failure,

iv. Major principal effective stress at failure.

v. The magnitude of A,. :

©Given: Cay=c'gy =0, 0= 0y =30°, Cell pressure =150 kN/m?
.- ToFind : Deviator stress, Pore water pressure, Minor %@vﬁm&&,

.. Major principal effective stress and Magnitude of A,

L 1+sin ¢,

- — " Yu gj =0
oy= o.mx.plmmb.? ,sincec,

Deviator stress

o (1+sin,)
¥ (1-sing,)

_ (204 sin $.) ﬁ 8 n%u umou_

" (1-sin¢,) “

2 x 150 x sin 15°
1-sin15°
104.7 kN/m?

AO.H - O.wvwru - O.w\

)
<
|
a
wv
A
I

2. . (o, = 0g); (4.241)

v (g, +0y)f

www.civilguru.net
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N 431
8,78 (G -ay),
sing' = 6, +6y), (0,+0,), — 2u, ...E.f‘y
Eq. (4.24.1) s divided by eq. (4.24.2), we get
sing, _ (O ox)y =2y uT/m:r/
sn ¢ (0, +03), (o, - Gy, + 2,
sinls® A
sin30°  104.7+2x150
=\.H 97.6 WZ\H—HM
3 m...: = Og— U= 150-97.6 =524 kN/m?
. Gy, = (0, = Gy); +03 =104.7+ 52,4 = 1571 kN/m2
K _ 976 _
5 A= f = =0.93

(0, -0y), 1047

Que 4.25. _ According to Mohr - Coulomb criterion, how is the failyp

plane recognized and how is shear strength defined ?

The cffective stress shear strength parameters of completely
saturated clay are : ¢’ = 20 kN/m?, ¢’ = 25°. A sample of this clay was
tested in a unconsolidated undrained test under a cell pressure of
200 kN/m? and the principal stress difference at failure was
110 kN/m? What was the value of pore water pressure at failure?

| AKTU 2017-18, Marks 1]
Answer _ ‘ ‘

A Mohr Coulomb Theory : Refer Q. 4.14, Page 4-18A, Unit-4.
B. Numerical :

Given:c'=20k /m? ¢ = 250, 0, =200’

7]

o 6, LS
To Find : Pore water pressure at failure. - P,

_ _ e e SRR bk g
(B, - g,)= qu —u)- Aqu —u)= Aqu - qu u.HHo _.ﬁz\a
We know that,

S

©,-5)= (5, + G3) sin ¢’ + 2¢' cos ¢’

10 = (5, +5,) sin 25° + 2 x 20 x cos 25°

A)
8, +5,= 1745 =
o (4257
. 0, -G, =110
3. On solving eq. (4.25.1) ang (4.25.2), we get
3, = 32,25 kN/m? v’
4. Pore water Pressure of fajlure, 4 = 0y — G, =200-32.25= i1t

0 ol

L

452

Que 4:26. | In 2 tri-axial test of goi, SPecimen g

:EL@H
reading

iator 8
L in he ore Drssure prasstors sy TS S

‘Answer

Angye,

“téﬂéﬁﬂa S

A (CE-Sem-5) hress Disributioninogy gy, - st
Tength

a cell pressure of 700 kN/m? and the ; Consolidateq
was 450 kN/m2. The axial load was
tress of 570 kN/m? and pore p

Given : Cell pressure = 700 kN/m?, Deviator styosq - 570 KN/,
Pore pressure = .mmc kN/m?, gmmmmn Pore pressyre ~ 450 _DA.\B.» -
To Find : Pore pressure parametersAand g, , ekl

Assume back pressure =360 kN/m?, increase ce]] pressure = 800 kN/m?

For an increase in cell pressure from 700 to 80g kN/m?, the pore Pressure
increases from the value of back pressure 360 to 450 kN/m2,
Hence, B= 24 _250-360_ 90 .

Ac, 800-700 100
An increase in total major principal stress from 800 kN/m? to
(800 + 570) kN/m?, produced a corresponding increase in pore water
pressure from 450 to 650 kN/m2.

Hence, A=_%m _650-450 200 _ 0.3508
A, -Ac, 570 570
A =AB
A= 93508, .0
0.90

.Oﬁ.,o n.mq In an in-situ vane shear test on saturated clay, a torque

“m 35 N-m was required to shear the soil. The diameter of the vane
as

50 mm ang length 100 mm. Calculate the undrained shear

Strength of the clay. The vane was then rotated rapidly to cause

"*moulding of i ired to shear the soil in the
qoaor_n_aa_r of the soil. The torque require

state was 5 N-m. Determine the sensitivity of the clay.
[AKTU 2017-18, Marks 10]

L EN
f 3 n, Remoulding torque, T =5
7 vane, H-= 100 mm, Remoulding torqu: iy of lay:

Lt Een =0 L

C:E.mm:mm shear strength,

www.civilguru.net
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Gootechnical B2 gineering A Sm.wos.g ok © F-Sem-5) Stress Distribution in Sof) g, Shear Strengtp,
T = 5 35 pescribe the Mohr-Coulomb failure theory
- ‘\l\l\l\.‘\l\\l\ R . .
§= n Abm Hi/2+ D*/6) n[(0.05)° x 0.1/ 2+ Ao.ogw\m D‘.a Refer Q. 4.14, Unit-4.
s = 76394.37 NAn® | AT vibe direot shoa test, What are e ..
9. Inthe remoulded state, . o013 Q.7 MME@ES ? merits and
= 4 _4.15, Unit-4.
Srem = :_a.omvu x0.1/2+ (0.05)* / 6] 8 Nim2 ATIE: Refer Q 4.15, Unit-4
s 17639437 . Q.8 Describe the vane shear test. What are the merits and
3. Sensitivity= T =70913.48 demerits of vane shear test. _
— . ang Refer Q. 4.18, Unit-4.
.,éhﬁ.gﬂmowﬂ% 05@502 Q.9 What are the advantages and disadvantages of triaxial

— AT T , mpression test ?
llowing questions are very important. These que o gy
B s be asked in yotur SESSIONALS as well a5 s Refer Q. 419, Unit-4

. UNIVERSITY EXAMINATI

©e©

Q.1. Write short notes on :
A Boussinesq’s analysis.
B. Westergaard’s analysis. ' .
And also, write comparison between these two analyse,
#Ans Refer Q. 4.1, Unit-4.

, Q.2. A concentrated load of 30 kN acts on the surface of s
% homogeneous so0il mass of large extent. Find the stress
| intensity at a depth of 8 m and (i) directly under the load; il
7 at a horizontal distance of 6 m. : .

A8E. Refer Q. 4.2, Unit-4.

Q-3. Arectangular area2 m x 4 m carries a uniform load of 8t
at the ground surface. Find the vertical pressure at§?

below the centre and corner of the loaded area.
AL Refer Q. 4.4, Unit-4.

Q-4. Derive an expression for the vertical stress undera nw.a._u
area. Determine the vertical stress at a point P éEme 18 am
below and at a radial distance of 3 m from the vertical"

of 100 kN. Use SQWHOH ’ .
o~ gaard’s solution.
ARG Refer Q. 4.7, Unit-4,

Q5. Two long boundary walls of small width run P,
eachother at a distance of 3m apart. The mmﬁ.ﬂmmmEm.ou
walls are 25 kN/m and 15 kN/m. Plot the distrib®!’
vertical stregg intensity due to the walls on 2 hori#?

plane 3 m below the
ound I .
AHY, Refer Q.4.10, Unit-4, & orel

www.civilguru.net
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Earth Pressure ang
Stability of m_ocmm

Part-1

Part-2

\

: . Earth Pressure : Classical Theories,

" For Frictional and ¢-§ Soils,

—

Coulomb and Rankine’s bvbnommwa..m.,

Ioctined Beck Fill, Graphical Methods
of Earth Pressure Determination...

Stability of Slopes : Finite and ...
Infinite Slopes, Types of Slope Failure,
Culmann’s Method and Method of - *
Slices, Stability Number and Chart,
Bishop's Method ‘ Gt

5-1A (CE-Sem-5)

Earth Pressure and Stahil

—— e

[PaRT-1]

O garth ﬁaiinaﬁﬁwa Theories, Coulomb and Rankine's

e aches For Frictional e Soils, Tnclinsd Back il
! Graphical Methods of Earth Pressure Determination,. $

A Ahm.mca.mv

pan BT

ity of Slopes

e
———

.. Questions-Answers

; rﬁnw gmﬂnﬂ.gm and E.o&&: E,.m.&s. Type D:@am.uﬂu

What are the different types of earth pressure ? Give

egamples.

Answer.
Types of Earth Pressure : Lateral earth pressure can be grouped into
three categories, depending upon the movement of the retaining wall
with respect to the soil retained :

1. At-rest Pressure:

i The lateral earth pressureis called at-rest pressure when the soil mass
is not subjected to any lateral yielding or movement.

i, This case occurs when the retaining wallis firmly fixed atits topand is
not allowed to rotate or move laterally.

ii. Fig. 5.1.1(a) shows the basement retaining walls which are restrained
against the movement by the basement slab provided at their tops.

2. Active Pressure:

L Astate of active pressure occurs when the soil mass yields in such a
way that it tends to stretch horizontally.

fi. Aretaining wall when moves away from the backfill, gﬁm.meﬂmsEnm
of the soil mass and the active state of earth pressure mﬁmﬁ.

ii. In Fig. 5.1.1(b), the active pressure develops on the right-hand side
when the wall moves towards left.

u.w. - Passive Pressure :

L A state of passive pressure exists when the movement of the wall is
_ such that the soil tends to compress horizontally.

" ft-side of the wall

InFig. 5.1.1(b), the passive pressure develops on the left-sid
below the ground level, as the soil in this zone 1S compresse
movement of the wall is towards right.

d when the

www.civilguru.net
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Geotechnical Enginecring A Aom,was.mv

Basement slab

Passive
pressure

At rest
pressure

= Active
—uﬂmmm—:d

Movement towargg

No movement p .Alll.;:

@ [PgsLi

Que 52. | What are the assumptions of Rankine’s theory of carty
mnmmwrp.m..w Derive an expression for active earth pressure for dryq

moist backfill with no surcharge. r

ﬁbmﬂwn
r..‘%wm.E.uﬁaoﬂm : Following are the assumptions made by Rankipe for
the derivation of earth pressure :

The soil mass is homogeneous and semi-infinite.

The soil is dry and cohesionless. )

The ground surface is plane, which may be horizontal or inclined.
The back of the retaining wall is smooth and vertical.

The soil element is in a state of plastic equilibrium, i.e., at the verge of
failure.

Derivation For Active Earth Pressure :

L wmwmﬁm consider an element of dry soil at a depth Z below a level soil
S ace.

2. Initially, the element is at rest conditions, and the horizontal pressureis

e

given by,

. Op = Mﬁc Sy .
where, o, is the vertical stress at C, and o, is the horizontal stressat (.
Vertical stress, o,=7y Z. :

8. Thestresses g, and o, are respectively, the minor and major principal
stresses, and are indicated by points A and B in the Mohr circle.

4, rmﬁ. us now no.ﬂm&mn the case when the vertical stress remains constant
while the horizontal stress is decreased.

5. The point A shifts to position A’ : . il
i ircle
increases. and the diameter of the Mohr ¢

\\\3«\\\//&\\2«\\» 1R RX777
a

g VA
Op A.I*l
O
(@) %

iRy 8
3 __....vM..
a -5) E %
A (CE-Sem arth Preggy . | ;
54 ; 2 Stability ofSlopes :
5
&
5
3
2
=
Q
s
i 53
¢ Inthelimiting condition, the point shifts to position A" w
~ circle touches the failure envelope. position A" when the Mobr
7. The soil is at the verge of shear failure. It has attained the Rankine
active state of plastic equilibrium. The horizontal stress at that state is
the active pressure (P,).
T
90°+¢’
o — EP, C o, e {
{Fig.522. |
8. Tig. 5.2.2 shows the Mohr circle when active conditions are developed.
Point E represents the active condition.
9. FromFig. 5.2.2,
P,=0E=0C- CE
As . CE=CD=0Csin¢
P = OC-0Csin¢’
= 0C(1-sin¢) 4521
10. Also, qcuOmn00+nwncc+OOmmbo.
5,= OC (1 +sin¢) 522) L
11. From eq. (5.2.1) and (5.2.2), we get g
K = HIME&. _ ﬁmbu ﬁﬁmolwg “.,., !
¢ 14sing o
p- (12228, s )
® \l+sind (523)
P =KyZ %
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Geotechnical Enginecring 3
ent of active earth pressure.

to determine the active carth pre

where, K, = Coeflici
12. Eq.(5.2.3) can be used
retaining wall.

al_ For a clay backfill behind a retaining wall, what o 4
et %k 7 How is the total active earth PEeia )
re

S8UTC on thy

depth of tension crac
calculated ?

An excavation
more or less vertic
caved in. What was th

soil ? Take unit weight of clay = 20 kN/m?3.

Answer _

A. Active Case:
1. Fig.5.3.1shows the Mohr cirele in which point B indicates the vert;
stress and point E shows the active pressure. teal

The failure envelope is tangential to the circle.
The relationship between P, and o, can be obtained as-under.
From A FCD,

was made in saturated soft clay (¢, =0), with its gjq

al. When the excavation reached 6 m, the g; Qmm

¢ approximate value of cohesion of the n_Mm
y

bl o

A . i

Fig.5.3.1.
mge-u @l" Qb

FC FoO+0C
sin ¢’ = (0,-03)/2

c'cot ¢’ +(o; +03)/ 2
(01-03) _ (oy+0y) .

2 5 sing’+c'cos ¢’

b
’A e v a
o (L-sin¢) = lww:;:, ¢)+c' cos ¢’

v‘m‘h
3
5-6A Ag.maa.mv Earth Pressure N
— and Stability of Slopes
Op= oY o 2oy
.. +m=w ¢ 1+sin o .{5.3.1)
. 3= 01 tan" (45~ ¢//2) - 9 (457 _ ©
4, Hs0y18 equal to the active pressure (p Jand g, i o g
stress 6,(=72), eq. (5.3.1) becomes 1 18 €dualto the vertica) =
— 1 «). u
P = ~: mwda _.\waa.nomo. 5
\1+sin 0._ l+sin 4 w
P =K<vZ-9 :
a an ' .N 2K, (532 W
where, K= 500 25
= Trsmy =tan® (45°-¢'/9)
_eos¢  _ion (45°
1+sin ¢ - -#/2)
5. Eq.(5.3.2)indicates that at Z =0, the active pressureis given by
P =- .o..n.,\w‘a .
6. The negative sign shows that the pressure i ive, i.e., it tri
e inriodor b pressure 1s negative, i.e., it tries to
7. This tensile stress decrezses with an increase i i
D g, e in depth, and it becomes
- 0= K,y Z.-2c K,
or zZ= 2¢c'
. - . . % Nﬂ.
8. The m%ﬁ_ Z, is known as the depth of tensile crack and the depth for |
which the total net pressure is zero, is equal to 2Z_ or L
WK,
9. Total active earth pressure-at the depth H is given by,

 Given Dopthof excavation =6 s Usit weight o clay =20 KN/

: P = K,y mlmn.,\mmln.
Numerical :

e L

To Find : Value of coheésion. -~ =~ 0 "0 e

Olm.n& depth of cut in a (¢, =0) soil is, therefore, equal to |<|.l since ~

K, =1for ¢, =0.
4 6
Y

Cohesion, ¢, = mhmm - 30 kN/m?
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Geotechnical Engincering A Aom.wo:rg
‘\\l\l\l\u\l\\‘l /
Quesd. | Aretaining wall with a smooth vertical back face hiag,
L Aredhin : b v gronmlens,
N Em:omn..amo::vﬁomam . Sonrg
%ﬁwn%%: is horizontal and J.» has the following prope rties “.a.ac
=1.9t/md c= 1.7t/m*and ¢ = H.m A

m. Plot the distribution of active earth pressure on the wa]j,
Determine the magnitude and point of application of ackfiy

thrust. )
iii. Determine the depth of the zone of tension cracks,

it

Answer B
 Given:Z=6m,y=19¢m%,c=17#m% ¢=16° 1 = T
To Find : Active earth pressure curve, Ewmu#ﬂmm_ of active g.
and Depth of tension E.mnw . el il

‘1. Unit weight of soil, v = 1.9 x9.81=18.64 kN/m3
Cohesion, ¢ = 1.7 x 9.81 = 16.68 kN/m?2

2 Coefficient of active earth pressure,
K = Hlmu.beu 1-sin 15°
® 1+sin¢ 1+sinl5°

3. Atbottom, Z=6

=0.59

Earth pressure, P = K yZ-2c, \Na

P, = 0.59 x 18.64 x 6 — 2 x 16.68 \/0.59
P_ = 40.36 kN/m?

-25.62 kN/m?

———

2.33m

N

- 40.36 kN/m?
54.1. Pressure distribution diagram.

: Fig.

P=-E,

P,=~2x16.68./059

== Nm.mm T
Depth of zone of tension crack, kN/m?

5.

A %m,mﬁupﬁnmoﬂm : Following are the basic assum
theory or wedge theory :

1. The backfill is dry and cohesionless.

2. Soil ishomogenous, isotropic, and semi-infinite.

ptions of the Coulomb's

3. The back of the wall in contact with the backfil Emw,wm inclined or
vertical and is rough.

4. The failure wedge acts as rigid body and stresses are uniformly
distributed over it. :

5. TFailure is two dimensional and rupture surface is plane which passes

through the heel of the wall. )
6. Location and direction of resultant thrust is known.
B. Coulomb’s Wedge Theory :

1. Coulombdeveloped a method for the determination of the earth pressure
in which he considered the equilibrium of the sliding wedge which is
formed when the movement of the retaining wall takes place.

. 2. In the active case, the sliding wedge moves downward and outward

relative to the backfill, whereas in the passive case, the sliding wedge
moves upwards. .

. osite to the reactive

3. The lateral pressure on the wall is equal Ewwmumu wedgein equilibrium.

force exerted by the wall in order tokeep thes

- lateral
4. In Coulomb’s theory, a plane failure .mﬁwmmno ﬁnwumﬂwmmmmwwwmm using
force required to maintain the equilibrium 0t :

the principles of statics.
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seedure is repeated on several trial surfaces.
i\ > 18

RTI cpest foree for the acti
o which gives the large: 1ve cage, ang

for the passive case, is the actual failure surfye,

;s more general than the Rankine’s :59..«,.

5. Thepr

6. The trial surfac
the smallest force

= The Coulomb’s theory

Que 6.8 | Discuss Coulomb’s method for determination of Passiye

nless soils.

mwn»? pressure for cohesio

'Answer . .
L The failure surface in Coulomb’s passive state 1s assumed to be a plap,

In this case, the failure wedge moves upward.
The direction of R and P, which oppose the movement are also showy in

Fig. 5.6.1(b). _ |
The reaction R acts at ¢’ to the normal in the downward direction and
the reaction pressure mw.mnﬁm at an angle to the normal in the downway, d

2.

3.

direction.
The value of P, is determined from triangle shown in the Fig. 5.6.1(p),

The procedure is repeated after assuming a new trial failure surface,

G o

The minimum value of _uu is the Coulomb passive pressure.

~

8. Coulomb passive pressure is given by,

w\u = .Wr H\NMN_U
where, K,= sin? (B—-¢")
sin? B sin (B+8)| 1 ,\mi @ +0)sin (@ +3) |
sin (B.+8) sin (B +1)

9. wmwm MmMESbmﬂﬂmmaMm pressure wﬂmgm at a height of Z/3 measured from
ottom of the wall and would be incli 5
shown in Fig. 5.6.1(a). nelined at angle ~_ to the doH.Emr =

10. However, when the retainin i
owever, : g wall moves up relative to the soil, the
friction angle & is measured below the normal and 8 is said to be =mmm,nm<m.

11. The negative wall friction :
produces a value of passive pressure lower
than that for the usual positive wall friction, P P

©
S
2
S
ko)
>
S
s
.D.:w mq 3 Oojﬁmum Coulomb’s theory and Rankine’s theory.
[5.No.|  ~ Coulomb’s Theory |~ Rankine’s Theory |
1. Coulomb considers a | Rankine does not Snmamwmﬂ
retaining wall and the-
backfill as a system.
2. The back of the wall canbe | Theretaining wall is vertical.
inclined or vertical.
3. | Back of retaining wall is | Back ofretaining wallis smooth. f
rough. §
4. | The backfill surface may | Thistheoryallowsenlyforaplane 1
plane or curved. surface. i
5. | More versatile. Less versatile.
6. | More rational and difficult | Relatively simple and hence is »
to solve the problems. more commonly used. i
7. | Pressure magnitude and | Pressure magnitude and .ﬁﬂan “
location are calculated from | are calculated mathematicaly- ;
the concept of wall friction. \\L I
Que 5.8. | How Culmann’s graphical method is convenient ».o“. m i
Nk . . ion ? ¥
determining the active earth pressure forsoils havingno cohesio fi
Discuss all the steps of this method. M
¢ 3
3
il
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&

Culmann’s Graphical Method :
Failure plane

Culmann line

Fig. 5.8.1. ocﬂﬁmub.mmﬂmﬁumnmwammr ‘

Rehbann’s construction becomes inconvenient when the slope angle ;
approaches the angle ¢'. Culmann developed a method which is more
general than Rehbann’s method. .
Culmann’s method is convenient for determining the active earth
pressure for soils having no cohesion. Most backfills, in practice, fallinto
this category.

The method can be used for backfill surfaces of any shape, different
types of surcharge loads and even for layered backfill.

The Procedure Consists of the Following Steps :

Draw the retaining wall AB to the scale.

Draw the ¢-line BD.

Aline BL is drawn at an angle y with line BD, such that y = o.— 8.

A failure surface BF is assumed, and the weight (W) of failure wedge
ABF is computed.

The weight (W) is plotted along BD such that BP = W.

Aline PQ is drawn from point P parallel to BL to intersect the surface BF
at @.

.E:w. _.m:ma, PQ represents the magnitude of P, required to maintain
equilibrium for assumed failure plane,

Several c:.au. failure planes BF,, BF\, BF, etc., are assumed and tho
procedure is repeated. Thus, the point @, @,, Q,, etc., are obtained:

>m585223m%.m55 .wo:::. . rE.cmmm
g points Q., @, Q,, Q. etc. The ¢
called Culmann’s line, % @ Q1. @

11

“arth Progs

y dotted) ig drawn ¢, N
Jine (shown dot . » Hangentia) ¢,
0. >E._u=m_ to BD. Point T is the point of S:mm:ﬁ“ the Cultmang line anq
mﬁm magnitude of the largest valye (P JofP i
1 tangent point ‘7" to the line BD ang v@.m:MS mhaw.nu.amm.ﬂh& from the
pressure (P, \.v._ ) e, Conlomyyy
1 failure plane passest .
The actua p hrough the poiny 7 showm doteg,,

12

%NW\.\._ Using the Rankine theory, determine the toa] aur
hrust on 2 vertical retaining wall 10 m high if the active

the following ﬁuonml.»mm% n.mmo 37 = 19 KN/m?, 8oil retaineq has
at is the increase in horizontal thrust if the o 5
HM_M top of the wall at an angle of 35° to the ws.muounw_ o%om up from

AKTU 201819, Marks 57

Answer |
Given : Height of wall, Z = 10 m, Angle of friction, 6= 35~
Unit émme‘. of soil, y= 19 kN/m3, Slope of soil surface, B=35 "
To Find : Increase in horizontal thrust. :

1. The coefficient of mnﬂﬁw earth pressure (K,) is given by,

| g o losing_1-sings
a - - = -
l1+sing 1+sin35°

2. Thelateral active earth pressure,

P, = (U2) K yZ?=(1/2) x 0271 x 19 x 10> = 25745 kN

3. Now, B =35°

. c0s B - \Jcos? B — cos?¢

N_mou Nn = (08 @ X = =
cosfB+ ,\Sm B—cos™ ¢
cos 35° — y/cos” 35° - cos* 35°

cos 35° + /cos® 35° - cos’ 35°

0.819-J0.67L-0671 _ 810
K, = 0.819x 05197 J0 670611 -
4 Hence, P = (U2) KyZ2=(12) x 0,819 x 19 x 16 = 718,05 KN
5. Increase in roﬁnm-amu S:Emnﬁ = 778.05 - 257.45="520.6 kN

Stability of Slopes : Finite and Infinite Sipes.
Failure, Culmann’s Method n:mgmgw&%mm%
"0+ Number and Chart, Bishop's MO 0.0

L

=0.271

= ¢0s35° x

SN
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o Amswer Type and Medium Answor Type Question,

{Answer
N .,mwﬁa.m of slopes:

A On the basis of method of construction:

Natural Slopes :

The slopes formed due to natural process and exist naturally are calleg

natural slopes.

i  Natural slopes are those that exist in nature and are formed by natyry

causes. Such slopes exist in hilly areas.

2. Artificial Slopes:

i  Theslopes formed by unnatural process. Artificial slopes are formed by

humans as per requirements.

e

-

i Thesides of cuttings, the slopes of mEdmbWEmuﬁ.m constructed for roads,
railway lines, canals etc., and the slopes of earth dams constructed for
storing water are examples of manmade slopes.

B. Onthe Basis of Type of Soil :

1. Cohesive Soil Slope : Having purely cohesive soil as its 8;8.:». Itis
also known as cohesive soil slope. )

2 Frictional Soil Slope : Slopes having frictional soil as its contents. Itis
also known as frictional soil slope.

Oovmm.mc..w-mlsmobw_ Soil Slope : Slopes made up of soil which has
v_og frictional as well as cohesive properties. It is also known as c-¢ soil
slope.

Que 5.11.
analysis ?

'Answer

What are the assumptions made in slope stability

%:mwﬁuwaou@ made in Slope Stability Analysis :

2 mn P.ow_qu. W treated as two dimensional, i.e., no shear mnnommmw MM
umed to be existing ac  ction 0

embankment. g across the plane of cross-secti0

2. Theshear strength of the soil ; —-—
e soil is kn ’ ed inter
of Coulomb’s law; i.e., 18 known, and can be express

Tr=c+a'tang

L

Earth Presgure gng Stability of Slope
Slopes

resent the average :
ore, € E.i.e rep i age effective )
\When different soils are used in the construction of th, ted poil.
quch 99 in a non-homogeneous zoned embankment, 1 rmagn_ﬁmur
wach zone 18 represented by a different Coulombs mm:»m. material in
tren gth; using ¢ and ¢ values of the respective 20 '0n for shear

ne,
[f any water is seeping i.:.ocmr the embankme

disturbing forces, then it is assumed that the flo
already known, 80 that the seepage stresses ¢

nt, JEEN additional
wnet for the zeepage is
. an be evaluated,

with these assumptions, we can analysis and exami g
carthen slopes with a fair degree of accuracy. ine the stability of

que 5.12. | What do you mean by finite slope? Derive the expression
for factor of safety and shear strength during the stability analysis.
Auswer .
Px Finite Slopes :

1 Afinite slopeis one with abase and top surface, the height being limited.

The inclined faces of earth dams, embankments and excavation and the
like are all finite slopes.

o

These slopes are bounded by top and bottom surface.
Tailure of finite slopes takes place due to rotation.
Factor of Safety :

Factor of safety of a slope is defined as the ratio of average shear strength
(s) of a soil to the average shear stress (t,) developed along the potential
failure surface.

= W=

F =slt,
F, = Factor of safety.
s = Average shear strength of the soil.
Average shear stress developed along the
potential surface.

2. Shear Strength : Shear strength ofa soil is given by,
s=c+otand

where,

.nR.h

where, ¢ = Cohesion.

¢ = Angle of internal friction.

o = Normal stress on the potential fai
Similarly, the mobilized shear strengthis given by,

1, =cytotan by .
“here, ¢, and ¢, are the cohesion and angle of intern
develop along the potential failure surface.

lure surface.

al friction that
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c+otand
Fo=————
¢, +otang,
s F =l (T .
3. Factor of safety wrt cohesion is, F, = Z (** For cohesive soil, .

. . v Hﬂz
4. Factor of safety wrt angle of internal friction, F, = i
d

5. Then, F=F.=F,
When, F = 1, then the slope is said to be in a state of failure

Que 5.13. | What do you mean by infinite slope ? Describe the

stability analysis of cohesionless soil in infinite slope.

Answer _

A. Infinite Slope:
1

Any slope of grade extends with uniform soil condition at any given
depth below the surface is known as infinite slope.

The strata of different soils are parallel to the surface of m_oum.

3. Failure of infinite slope takes place due to sliding and failure planeis
planer and parallel to ground surface.

B. Stability Analysis of Cohesionless Soil in Infinite Slope :

Let, AB represents infinite slope having slope angle, i with horizontal,
Failure of which takes along the critical section CD (It means wﬁm:& to
ground surface) and failure is at Z depth from surface.

Mo

Ground
_ —_. surface

D becosi

Failure plane
Fig. 5.13.1.
Area of wedge ABCD = Z « (b cos i)
Volume of wedge ABCD = 7 (b cos i) x H

Weight of wedge ABCD, w = Z (b cos i) x <

Normal component of w, N = 1 cog {

b

S o o

\li’lild\ld.nuxlﬂﬁ m el !m

Earth
) Pressure ang mr:s__@ of Slopes

N=Z(bcosi)yxcosj
N=Z(bcos?i)y
ewnmmcmuﬂ component of w, T = 1y sin ;

6. T=2Z(bcosi)yxsini
T=Z(bcosisini)y

N Zbcosiy-
1 stress,c= = 4
1, Norma. Area (bx1)

G =Z (cos?i) y

-+(3.13.1)
g Tangential stress or shear stress, t=T/Area
e Z(bcosisini)y
(bx1)
t=Z(cosisini)y -(6.13.2)

g, Ifpore water is present, then normal pore water pressure
=Z (cos? i)y,
10. Factor of Safety for Different Conditions of Cohesionless Soil :
i, Dry or Moist Soil : Factor of safety with respect to shear strength,
F =sh

s=c+otan¢

.- _y dry/Moist Soil

P e |

‘Fig. 5,182

i W |

For cohesionless soil, ¢ = 0
s= qﬁmﬁe 7 (cos?i)ytan¢ Ilfromeq.(5.13.1. )
Z(cosisini)y [from eq. (5.13. mz

Z(cos? i)y tan$ _cositand

Zlcos Uy tand
F,= Z(cosisini)y sin i
tan ¢
. ) Fg= tani
m:—:uonnm& Soil :

a4 mstm_.mmmﬂ Soil

o
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5=y Zcos%i
=7 Z cost sini
here y = Unit weight of submerged soil,
rhere,
W %uoi«.&@% i)tan ¢
Fg= — Y Zcosisini  U*¢=0)
tan ¢
Fs= tani

no failure, Fg21

wumﬁ.ﬁug&wgm
57 tani

or G 21, for mSUEJ‘

1 % , Unstable slope

11. For safety or

7
/ Mohr failure

’ envelope

\A _-~" Stable slope

0 o

i 5134

Note : Maximum angle in case of infinite slope in cohesionless soil
should be less than internal friction.

Que 5.14. _ What are the different types of slope failures ?

Answer
Following are the various types of slope failures :

1 Rotational Failure :

L

ii. The slip surface is generally circular for homogeneous soil condit

This type of failure occurs by rotation along a slip surface by downward

and outward movement of the soil mass, as shown in Fig. 5.14.1.
jons

and non-ci ; . .
circular in case of non-homogeneous soil conditions.

(a) Toe failure  (b) Slope failure (c) Base failure

Fig. 5.14.1. Rotational failure.

Earth Pressure and Stability of Slopes

al Failure :
of unlimited extent and having uniform soil properties

% t slope
; A const?? - depth below the free surface is known as an infinite slope

/)

i, 5.4 2 arsation s
) eﬁw:&maoumu failure occurs in an infinite slope along a long failure
i surface parallel to the slope, as shown in Fig. 5.14.2.

Co Bwoium Failure : .
A compound failure is a combination of the rotational slips and the
:Emﬂmﬂoum_ slip, as shown in Fig. 5.14.3.

A compound failure surface is curved at the two en

middle portion.

ds and plane in the

g e TN T s

et AR T

"Fig, 5.14:3. Compound faflure;

i T SR

o ; Eum
¢ along an inclined plane 18 known as P
r block failure, as shown in Fig. 5.144. It
d wedgesof the soil mass becorme separated.

¥ Sk S e R S

4 Wedge Failure : A failur
failure or wedge failure 0
occurs when distinct blocks an

Plane of weakness
or interface

T A Ve IS

iti bove four types o:wmﬁ.m.
e ads and flows may also

5. Miscellaneous Failures:In 2 e
some complex types of failures in the form 01 SP

ocecur.

u». factors of safety used in stability

Que 5.15.| What are the differe
of m—OﬂQw ?
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i f safety :
three different factors o
o th respect to Shear Strength :
defined as the ratio of the shear strength , the
face of failure.

" Following are i
Factor of Safety wi
The factor of safety 15
shear stress along the sur
s
Thus %.m = .I_..” |
where F, = Factor of safety with respect to shear strengty,
. s = Shear strength. 4
= Mobilized shear stress (equal to applied shear
stress). . .
Factor of Safety with respect to Cohesion : The factor of safety

with respect to cohesion (F,)is the ratio of the available cohesion intercept

(¢) and the mobilized cohesion intercept (c,).

c

C

where, ¢ = Cohesion intercept.

c,, = Mobilized cohesion intercept.

F_= Factor of safety with respect to cohesion.
Factor of Safety with respect to Friction : The factor of safety with
respect to friction is the ratio of the available frictional strength to the
mobilized fractional strength. Thus s

Stang _ tang
ctan¢, tan¢,
F, = Factor of safety with respect to friction.

¢ = Angle of shearing resistance.
9,, = Angle of mobilized shearing resistance.

T

F

c

F,=

where,

W&m.wh@. Describe the Culmann’s method for .mﬁ.%noﬁu—mg

stability analysis of homogeneous slopes.

Answer

1

Culmann’s Method :

Culmann’s method is used f; i ili s of
sed for th analysis 0

homogeneo o e m_uE.oEBmS. stability ¥

A plane failure surface passing through the toe is assumed. A plan®

failure surface !
ace 1s not a correct a: i i

., ssumption for a homogeneous 503
Derivation 3 ’ i

Let us consider the equilibrium of the triangular wedge ABD formed

the assumed fajlyre surf in
—_— ace AB as shown in Fi wedge 15!
equilibrium unger the three mogmmm. ownin Fig. 5.16.1. The

i
ii.

i

Weight of the wedge (W).
Cohesive force (c) along the surface AB,

The reaction Risinclined at angle ¢, to the normal.

Earth Pressure ang Stability of Slopee

v C 4090+ a)

KT Qe
} R OX

\)
W

(a=d,)

Fig.5.161.
The triangle of forces is also shown in Fig. 5.16.1. The magnitude and
direction of W and c are known. The direction of R is also known. The
weight of the wedge is given by,

= f L hhu sin (i-a) ..(5.16.1)
2 sini

and . c=c,L ..(5.16.2)

where, H = Height of slope.
c, = Mobilised cohesion.

b, = Angle of mobilized friction.
L = Length of failure surface AB.

1 .
Note : Area of a triangle ABD = 3 dbsind

where d and b are the length of sides BA and AD, respectively.

From the law of sines,

¢ sin (et — bp) uE

W - sinlo, +90°) oS0
Substituting the values of W and ¢ from €d- (5.16.1)
eq. (5.16.3), we get

Cple - EFV.

(1/2)y L(H/sini)sin(@-a) oS O

.(5.16.3)

and eq. (5.16.2) in

o) sin (a— &Eu sec 0:«

or hwﬁu 21 cosecisin(i-
% (5164)

YH

e ms

R R OO

AR
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The left-hand side of eq. (5.16.4)is known as the stability nupy,
b. e left- s

: : ber (g )
The most dangerous plane is that for which the angle a.is such .
e

621 A Aom.maaé

° ; that ¢,
stability number becomes a maximurm, ..,
d(s,) -
do
.9 [sinG-osin(@=¢,)=0
do ‘ . .
sin (i — @) cos (a—¢,) —sin (a—¢,)cos(i—-a)=0
tan (i — o) = tan (e —§,,)
i—a=a—9,
a, = @ +NGSV ...Am.Hm.mv

where a is the critical slope angle. .
6. Taking the value of a, from eq. (5.16.5) put in eq. (5.16.4), we get

ﬁlﬁéu 3 ooseises Tu T-Q%LZXTE % 5 u-?:

Wnommnw.mmn O m_.bﬁ. - es.wmmb ﬁ«. - e,..u

2 2
= W cosec isec §,, ﬁ - 8mM. ~ eag
leuaa _ %ﬂw .(5.166)
H= w_mi .(5.167)

where H is the safe height of slope.
The Culmann method gives reasonably accurate results for
5 homogeneous slopes which are vertical or nearly vertical.

.E._m. critical surface for general slopes is not a plane and, therefore, the
critical slope «, has little practical use for such slopes.

Que 5.17.

Um&ﬁmnoxunemmmoumon?m».wooouom safety by using
Swedish Circle method. |

OR
How a slope is analyzed using Swedish Circle method ? Derive an

expression for the factor of safety.  [ARTU 201920, Marks 07]

.?mﬂau

L w:zﬁgmﬁ.n%mgwwomu Mww MHS__ mass above the assumed slip circle is divided int0
vertical slices of ; g The
number of slices ol equal width, as shown in Fig. 5.17.1.

be used. may vary from 6 to 12, when hand computations are 10

10.

\m.‘v B e e e s e A o 3 e ot

ig. 5.17.1. c - § analysis-method of shices.

Rt S U R P A s S St

In the conventional method, the forces between the slices are neglected
and each slice is considered to be an independent column of soil of unit
thickness.

If slice number 4 is taken as a typical slice, the weight of the slice Wis
calculated as equal to yhb.
where, v = Bulk unit weight of the soil.
h = Height of the slice.
b = Width of slice.
The line of action which can be taken to pass through the mid-width
point of the slice, meets the base of the slice of length [ at P. .
The weight W is plotted as avector PQ and nuw.u resolved intoits normal
and tangential components N and T, respectively, at P.
Since the normal component N passes through P and the 8.=ﬂmum
rotation O, it does not WWMM, a driving moment, but mobilize frictio
resistance along the slip suriace. .
The tangential component T causes the rotating BMBM%. WBnWMuNM
slice, such as slice number 1 in Fig. m..u.:. the ﬁmuaaamebﬂ.
may actinan opposite direction, causing m._.m.wnodum o - aad pegative
T is taken as positive when causiog driving momer
when causing a resisting moment.
The algebraic sum of T will alWway
driving moment.

s be positive and contribute to the

the total driving and
Considering the whole slip surface AB oflength L :
resisting forces are :
Driving forces = ZT _oL+ENtand

Resisting force = Z¢'/ + N tand

€

e %%
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/ﬂzé

il Driving moment = £T'R
iv. Resisting moment = ¢'L R + EN tan ¢' R
v. The factor of safety against sliding, F'is written as :

F= ¢'L + ZN tan ¢’
- =T ....a._.q.c
Since N= Wcos aand T'= Wsin a, eq. (5.17.1) can also be written ip th
form ¢
F= c'L+tan¢’ZW cosa
=W sin o ~(8.17.9)
11. The method of slices can be used for homogeneous or stratifieq soil ang
can be used where seepage is taking place and pore pressure are E.ommb
in the soil. ent

Que 5.18. _ Fig. 5.18.1 shows a trial slip surface through a sej] mass
(c = 30 kN/m?, ¢ = 30°, y = 25 kN/m

%). Determine the factor of s
using Swedish Circle method. alety

N- diagram

A,=29 m?

IN=29x25

= 725 kN
0
71° .
12 n
B
(6)
(5) 550,
7m 4) Wi /5o
(3)
@) Nt
) 19° |z s
A ¥ e ¥, T
W=N S\N e - .
ﬂ.u 3 Zd
T, T,
T- diagram
Ap=16 m?
IT=16x256
=400 kN
Fig.5.18.1,

A‘nwx\uﬁ

TAnswer
Given : Cohesion, ¢ = 3¢ kN/m2 e
Unit weight of soil masg, y = mw wmwm_% of qommwg b=3g¢
To Find ¢ Factor of safety, Mo
1. Thesliding wedge is divigeq _io mﬁmﬁ.. r ,
. N 8 .
o.&n&.m:odm are mroéd in tabular forp, - onamm of equal wigip, of2m, the
Slice : Weight () T
No. | Average . |Width| Voimg [ o] |
- |Ordivate m)| (m) | g4 aﬂmﬁ “1T=Weing| N2 eneq
- Py s | Tl &N &Ny
18 1 s o[ o
2 2.4 2 48 #c’/.’k
—— 20 1| 1877 11832 |
3 3.6 2 72 180 |1oe .’/&1
- P 5 ————— 80 119°]| sggo 17020 |
: 50 | 25 |oge| 1p9s. 196.7
5 4.0 2 8 m =
.0 20 [42°| 13383 14863
6 1.80 2 36 .
. %0 155°| 17372 51.62
IT=394 |sN=73075
2. Length of arc,
2nx12
L = xT71° =
. hmmoﬂ,u 14.87m

cL, +tandIN  30x14.86 +tan30°x730.76

3. Factor of safety, F
T 394 -

. F =22

A.  Stability Numbers:

L. This dimensionless number is proportional .R.u the required cohesion and
is inversely proportional to the allowable height.

S C _ c -8.19.1)
" yH FyH . stability factor.
2. The reciprocal of the stability number is known as stability .
3 s using the friction

Taylor determined the values of S, wo«_ finite slope
circle method.

e e PN

i T e T W W T T T WS T WU S 8 A A A A K AN AL P r e d i o s
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\\\.\‘\\\\1\1 red indicating the stability number, and slope anglg

4, The charts 870 _MZ_EQ.. , _asshownin Fig. 6.19.1,
R 3 values 0 @, 857
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0.86
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: 0.10——7< 2 gﬂuw S

3 0.05 .NK\““\Y\
c.oo‘\_\\h =

o 10 20 0 40 50 60 70 80 90
Slope angle, i
Fig. 5.19.1. |
5 There are 5 parameters, iz €, 1, H,iand¢,. moém<m~., if§,, =0 (purely
cohesive soils), a sixth parameter D becomes also important, as shown
inFig. 5.19.1.

Depth of hard stratum below the top of the slope
Dm = .
! Height of slope

B. Uses of Stability Chart :

1. The stability chart can be used to determine the factor of safety ofa
given slope.

The stability charts can be used to determine the steepest slope fora

given factor of safety. In this case, the stability number is computed
from the relation.

to

§ =_°_
n m.«m

For the computed value of S,, the value of i is read from the stability
chart for the given value of ¢

m’

Que5.20. _ A 10 m high cutting has a slope of 40° to horizontal, the

Hﬁﬂwwgﬁmm and its cohesion, void ratio and angle § were found
e 2.5 Um® 0.81 and 14° respectively. Determine the FOS with

nw%mnn to cohesion against fai ter jevel
rises upto the full height : silure of thesslope. Whon WAtk

ot A (CE-Sem-bB) )
m\\mw >\\! bl ‘IL._NWMQES and Stability of Slopes

given : 6 =2 & for 40" slope values of tabifity nymper g
¢=_:cm of ¢

number for different

—@:
0.122
0.118

14 0.074

4R e

Tmawor |

Given : Cohesion, ¢ = 2.5 t/m? = 25 kN/m?, Void ratio, ¢ = 0.81
Angle of slope, i = 40°, Height of slope, F =10m, =14

o Find : Factor ofsafety w.r.. eohesion againstslope failre.
1. Saturated unit weight of soil,

_(e+GQ)y, _(081+2.7x10
Tt = 14e 1+0.81

9. Stability number, S, = wwm - T wmszs

=19.39 kN/m?

25
F, x9.39x10

F.=36

0.074 = (= 9=14%)

@ﬁmmm . | Describe the Bishop’s method for slope analysis.

Tower
Bishop’s Method : .
1. Equation developed based on Bishop's analysis of slopes, contains the

term pore pressure u. The Bishop and Morgenstern method proposes
the following equation for the evaluation ofu

r =ulyh .(5.213)
u = )
Where, « = Pore water pressure at any point on the assumed
failure surface.

y = Unit weight of the soil.

h = The depth of the point

the ground surface.

assumed to be constant Eacmr.ccn .%m
re pressure distribution.
in the analysis.

in the soil mass below

The pore pressure ratio r, is °
cross-section, which iscalled 8 gaomm%.,au MM
Fig. 5.21.1 shows the various parameters us

¢

Pxs 2

(7§ A e 0
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5 Nm> mnuwnmoanmv
-

Earth py,
The factor of safety F is defined as

nxm:_,@ and mpmr::.
The m_ww?.no of »Jo —uuarm:_ is hopg Eﬁr_a’vmw
F =m-nr, ~(5.21,9) following %nceau\:af 20ntal anq 5 han the
m ~.~ = Stability cocfficients. Ly u.wrtn“.. M ura .q.t:.m and ¢ = 150,
where, e by. n,= DIH i. Plot the distribution of active eqm,
3. The depth factor is given by, 71y ’ ii. Determine the magnitude and poin anmm:...o on the way),
where, H = Height of slope, thrust. . ot application of active
D = Depth of firm stratum from the top'of the Slope, jii. Determine arm.aﬁ:r of the zone of tens
4. Bishop and Morgenstern (1960) limited their charts to value E. ChH ARE Refer Q. 5.4, Unit-5. On cracks,
" equal to 0.000, 0.025 and 0.050. 0.4 What ars the verious s
O < Center of failure surface

. Sumptiong 3
Also, explain Coulom}y Phions in

Coulompy
8 wedge th,
as Refer Q. 5.5, Unit, 8¢ theory.

8 theory ?

Q.5. How Culmann’s graphica) method is conven;j
- - - ﬁ
mm»oﬁ.n-b:-m .S_m active earth Pressure for goilg Mwﬂ—n ».“M
cohesion ? Discuss all the steps of this method, ¢
. . s £ . 5.8, Unit-5.
¥ = unit weight of soil wigs Reford

Q.6. Using the Rankine theory,
on a vertical retaining w
has the following prope
What is the increase in

Fig.521.3.

determine the total active thrust
mb 10 m high if the soil retained
rties ¢ = 35°; 4 = 19 kN/m3,

horizontal thrust if the soil slopes
B up from the top of the wall at an angle of 35° to the
e ! horizontal ? -
__ VERY IMPORTANT QUESTIONS i - AnS Refer Q. 5.9, Unit-5.
: : very important. These questions: :
Fellowisia Mﬁa mw«uMMm«.M ﬁwnwmmmmﬂ ONALSa 1L as : Q.7. What do you mean by infinite slope ? Describe the stability -
may be MWZ _ME.H\ EXAMINATION. analysis of cohesionless soil in infinite slope.

Afis; Refer Q. 5.13, Unit-5.

. Q.8. What are the different factors of safety used in stability of
. ? Give slopes ?
Q. 1. Mcwmﬁvwww the different types of earth pressure A5S Refer Q. 5.15, Unit-5.
xamples.
Ans, Refer Q. 5.1, Unit-5. Q.9. Derive an expression for the factor of safety by using
: S i ircle method.
Q.2. For a clay backfill behind a retaining wall, what is E_M - wmmw_m_.mm..wscw m.. .
depth of tension crack ? How is the total active mwﬂm - 0.4, . ¢ ctabilite
y i i tura . . S| 1Ly
MMMMMMW Mw _o:%.pMMMWJW@MMMMM”MW@NNJM“WM“MM_. When Q.10. What is stability number ? Discuss the uses o
=9 - charts,
the excavation reached 6 m, the sides caved in. ?wn imM AHS Re mﬂ,m 5.19. Unit-5.
the approximate value of cohesion of the clay soil ? T8 o alysis
. unit weight of .n_mv, =20 kN/m3, . 0 11. Describe the Bishop’s method for slope analysis.
Ans, Refer Q. 5.3, Unit-5. AbS Refor Q. 5.21, Unit-5.
Q.3.

to
A retaining wall with a smooth vertical back face r—w”@_. 000
retain a backfill of ¢ ~ ¢ soil up to 6 m above ground l¢ ,

)
|
; -
- DN‘.’ ’
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‘/5.9

Origin ang
Classification of Soi]

IINIT
™ (2 Marks @ﬁmmﬁosmv
—
1.1. Define origin of soil. AKTU 2018-19, Marig 0
Ans Soils are formed by weathering of rocks and minerals at or ne
the earth’s surface by either : ar
i. Physical disintegration due to the action of natural oy mechanicg)
agents, ’ ]
i. Chemical decomposition due to the action of chemical agents,
12. Mlustrate the different methods of soil formation,
Ans. Following are the two methods of soil formation ;
1. Physical Disintegration : It is due to :
1. Temperature changes. iL. Abrasion.
iii. Wedging action of ice iv. Spreading of roots of plants.
2. Chemical Decomposition : It includes :
i. Hydration. ii. Carbonation.
iii. Oxidation. iv. Leaching.
v. Hydrolysis.
13. What is muck ? | AKTU 2015-16, 2017-18; Marks 02
Ans. Muck is the mixture of the fine particles and highly mmnoﬁv%&
organic matter. It isblack in colour and of extremely soft consistency.
14. Draw the figure of element separated soil into three phases:
[AKTU 2018-19, Marks 12

Fig. 1. Representation of soil mass by three-phase diagram-

1.7.

Ans:

1.9,
Ang;

110,

a soil can be deformed.

content :
Oven dry method, i Sandy,
Alcohol method. . ath methg,

Radiation method, ot . Calciup carhide Method.

4
&
o
o
=

Define the term nosmmmamn@

Consistency is a term which s yseqd tod

of a soilin a qualitative mann escribe the ¢ £
: erb e aegree of firmness
medium, firm, stiff or hard | SH“. Y USing deseriptions such e soft,

indicates the relative ease with which

Define bulk unit weight, W te .
unit weight and dry unit 8Mmr”.¢m relation between buix

AKTU 2017-18, Marks 02

Bulk Unit Weight : It is defineg as the total weight per unit total

volume. Thus,

w

< .
It is expressed as N/m3 or kN/ m?.

Relation : Dry unit weight, v, = - .
1+w
y = Bulk unit weight.
w = Water content.

where,

Define Consistency limits. | AKTU 201718, Marks 02]

Consistency Limits (Atterberg Limits) : The liquid limit, plastic
limit and shrinkage limits are known as Atterberg limits. The water
content at which the soil behaviour changes from the liquid to the
plastic state is called the liquid limit; from the plastic to the semi-
solid state is the plastic limit; and from the semi-solid to the solid
‘state is the shrinkage limit.

What is liquid limit ? ) .

3 t at which a soil is
Liquid Limit (w,) : It is the water content at ¥ R
EM&@:%— ina _Mp%a state, but has EmEmwa&mMmanuW%MMmaﬁ
flow which can be measured by any standardiz |

Define plastic and shrinkage limit.

e
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Ang

[

1.12.

ARS

1.13.

1.14.

1.15.

Geotechnical En

gincering (2 Marks) SQ-34 (CE-Som,

ic Limi 1t rs the water content o ;
Plastic Limit, 1,3 Itisdefined € hevater conten ot which -
would just begin to crumble when ¢ into a threg o
approximately 3mm &2:_.:9.. .

Shrinkage Limit, 10g: 1t is the maximum water content, gt whih
a decrease in moisture content does not cause any deereasg iy, "
volume of the soil mass. Itis also the smallest value of waterp sty
at complete saturation of the soil mass.

What are the basic structural units of clay minerals 9

| AKTU 2019-20, Marks g
2
Stru

cture of Clay Minerals: Structure omamw::bmnw_mwnmaﬁ:
of two fundamental crystal sheets :

. Tetrahedral or silica sheet.
_ Octahedral or Alumina sheet.

Briefly explain single grain structure.

| AKTU 2015-16, Marks oup
Cohesionless soils, such as gravel and sand, are composed of bulky
grains in which the gravitational forces are more predominant
than surface forces. When deposition of these soils occurs, the
particles settle under gravitational forces and take an equilibrium
position. Each particle is in contact with those surrounding it. The
soil structure so formed is known as single-grained structure.

Briefly explain the flocculant grain structure.

[AKTU 2016-17, Marks 02|

Flocculant structure is formed when there is a net attractive foree

between particles. Flocculated structure occurs in clays. The degree

of nonnc_w.ﬁobdm a clay deposits depends upon the type and
concentration of clay particles and the presence of salts in water.

What is relative consistency ?

Relative consistency (I,) or consistency index is defined as the ratio

of the difference between the liquid limit and the natural watef
content of a soil to its plasticity index.

I = W, ~w,
g 1

P

Explain index properties of soil. [AKTU 2019-20, Marks 12
OR

Define index properties of soil. | AKTU 2016-17, Mark

sa-

A

1
2

1.16.

-

-
=1

L17.

118,

Ang;
8. No.
1.

A (CE-Sem-5)

2 Marks Questions

OR
What do you understand by index Propertieg ?
9

Index Properties of Soil : The tegt ;
classify a soil are termed as ogﬁmomﬁ,o:
obtained on the basis of such test are te
soil. These are divided into two followi
Soil grain properties.

Soil aggregate properties.

8 carried out in order to
test. The numerical results

Tmed as index properties of
ng categories :

Discuss plasticity index and liquidity index.

Plasticity Index, (1)

: It is the range of moist
which a soil exhibits Emme. ure content over

meWW. It is Em numerical diff
the liquid limit and the plastic limit. erence between

L=w, -w,

Liquidity Index, (I,) : It is defined as the ratio of the difference
between the natural water content of a soil and its plastic limit to its
plasticity index.

) MHEZle
L N

P
What is relative density or density index ?
Relative density (I) is defined as the ratio of the difference between

the void ratio of a cohesionless soil in the loosest state and void ratio

in its natural state to the difference between its void ratios in the
loosest and densest states.

D orl = Ses =% 100%

mbh I.mBE

Differentiate between Activity and Sensitivity.
[AKTU 2017-18, Marks 02|

Activity * Sensitivity | =
Activity (A) of a soilis theratio of | Itisdefined as the ratio ﬂ.ﬁﬁ
the plasticity index and the undisturbed mr.mwma" ﬁn—c
percentage of clay fraction. remoulded strength at the
sgme water content.

Itis expressed as:
s fundisturbed)
S= ———Jded)

It expressed as: A = -Z s (remoulded)
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SQ-DA (CE-Son,g,

1.19. Write down the expressions for coefficient of unifo

s ..55
and cocfficient of curvature.

F.v 1

: ; Dy,
i Coefficient of uniformity, C, = LR
10
bm
N — 30
ii. Coefficient of curvature, C, = mu|8 <D,

120. Define flow index.

ABS Flow index is the slope of flow curve obtained by plotting Water
content as ordinate on natural scale against number of blows op, log
scale. It is given by,

[.= 1%
P~ log,g Ny / N,

where, w; = Water content corresponding to number of blows 2_

w, = Water content corresponding to number of blows N,

121. How will you define the toughness index ?

Azs. Toughness index is defined as the ratio of plasticity index to flow
index.

122. Whatis effective size ? w
Ang Effective size is the diameter in the grain size distribution curve
corresponding to 10 % finer.

1.23. Explain fineness modulus.

Ans. Fineness modulus is the percentage of fine soil present in the coarse

soil. For example in coarse soil 5 % clay and 2 % silt present then
fineness modulus equal to 7 %.

124

.

The void ratio of soil sample is 1, determine the
corresponding porosity of the soil sample.

[ARTU 2016-17, Marks 02]

At
Given: .Su.a ratio,e=1
To Find : Porosity.

Porosity isgivenby, n = £ =

=1 _os
l+e 1+1

©0O

sQ-

oA (CE-Sem-5)

\.\\\\u\\.\“vl.lll.l._

2 Marly Oueztinns

Soil Hydraulics
arks Questions)

(2M

2.1.
ANS:

22.
Axns;

What do you understand by effect;

. ) Ve stress ?
Effective stressisdefined

as the differenca between th i
and the pore water pressure. It is an abstract ity e SRy
. tity an 3
o quantity and expressed
G=c-—u
o = Total stress.
u = Pore water pressure.

where,

What is neutral stress in soil grains ?

Neutral stress is defined as the stre

: ined ; ss carried by the pore water and
it is the same in all directions.

Thisis also called pore water pressure

. and is designated by u. This will be equal to 7% Z at adepth below
_ the water table.

23.

24.
Ang;

25

S

26

What is permeability ?

The property of a soil which permits flow of water (or any other
liquid) through it is called the permeability.

State the Darcy’s law. ?ﬁ.md 2016-17, Marks cﬁ

i i i locity (v) of
As per Darcy’s law for laminar flow in saturated soils, velocity
flow is directly proportional to hydraulic gradient ().
. vl
v=Fki N
k = Coefficient of permeability.

where,

Explain the coefficient of permeability.
o AETU 2016-17, Marks 02

which would occur under unit

It is defined as the velocity of flow
hydraulic gradient. .
Coefficient of permeability,
v
k=

i

law ?
What are the limitations of Darcy's

www.civilguru.net
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AT

L
i

2.7.

28.

AT

SQ-7A (CE

.mﬁﬁ.g
imitations of Darcy's law as moﬁoim P

Mﬂm wwwhmnwm flow through the soil is laminar.

Ttis not valid for colloidal clay. )

The relationship between the velocity and the hydrauli, Eradiey

should be approximately linear.

What are the different characteristics of flownet ?

The characteristics of flownet can be summarized as under :
Intersection between a flow line and an equipotential line shoulg
be at right angles. ] ]

Discharge (Ag) between any two adjacent flow lines is constan; and
the drop of head (Ah) between the two adjacent equipotentja] lines
is constant.

Define mb&omw method by Laplace equation.
Tﬁﬂd 2018-19, Marks 02 _

The electrical analogy method is based on the fact that the Darcys
law, which governs the flow of water through soils, is analogous to
the Ohm’s law governing the flow of electricity in a conducting
medium.

In the analogy, the current being proportional to the voltage dropis
similar to seepage being proportional to head dissipated.

An electrical model is made whose boundary conditions are similar
to those of the soil model. The equipotential lines are drawn by
joining the points of equal voltage.

. The flow pattern obtained from the electrical model is used in the

construction of flow net in the model.

List the factors affecting permeability of soils.
AKTU 2019-20, Marks 02
Following are the factors that affect the permeability of soils:
Particle size. il. Structure of soil mass.
Shape of particles. iv. Void ratio.
. Properties of water. vi. Degree of saturation.
Adsorbed water. viii. Impurities in water.

What do you mean by hydraulic conductivity ?

ARTU 2016-17, Marks

Hydraulic conductivity is a i ks that de
C 1 property of a soil and roc

the ease with which a fluid ?%M&W‘ water) can move throughP
spaces or fractures.

Define the term quick sand condition.

m@\m> (CE-Sem-5)

2 Marks Questjons

a7is. When the effective stress is red
i uce
a stage is m<m=£m.b< reached wh d due to upward flow of water

2.12. Define critical gradient,

H

The hydraulic gradient at whj :
is known as the critical m_.%&mww M_w ) effctive stress becomes zero
= 8-1
lte
where, G = Specific gravity,
e = Void ratio.

2.13. What are the preventive measures from the piping failures ?

afns: The following measures generally adopt -
failures : 8 y adopted to prevent piping

e

Increasing the path of percolation.

A € i Reducing seepage.
iii. Providing drainage filter,

iv. Loaded filter.

2.14. What is the exit gradient ?

Aiis: Exit Gradient: The exit gradient is the hydraulic gradient at the
downstream end of the flow line where percolating water leaves
the soil mass and emerges into the free water at the downstream.
It can be calculated as:

i, = Ahfl
where, Ah = Potential dropin the last field.
I = Average length of the last field in the flow net.

2.15. Compute the range for capillary rise in silt deposits. Assume
[AKTU 2018-19, Marks 02

value of void ratio as 0.7.
: N . -2
! ﬂm<ouu<.&mummo,mw@.q 247 S g
Hom.mu&uwm:mmomgm&wﬁwmm.H.. A e
Assume,  Dj, = 0.05mm, C=40mm
C __ 4 _j485mm

—

Capillary rise, bnaxn = .mwﬂ ~0.7x0.05

©0®
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UNIT:

Soil Compaction ang
Consolidatiop

(2 Marks Questions)

33.

. What do you mean by soil compaction ?

Compaction means pressing the soil particles n.ﬂomm to each other by
mechanical method. Compaction generally increases the shear
strength of the soil.

Design the term relative compaction.

The ratio of the dry density in the field to the maximum dry density
is known as the relative compaction or percent compaction.

p, in the field

o tion =
Relative compaction (.} in the laboratory

x 100

Differentiate between compression index and expansion

index.

Compression Index Expansion Index. -

The compression index is equal
to the slope of the linear portion
of the void ratio vs. log & plot.

The expansion index or swelling
index is the slope of the void ratio

vs. log G plot obtained during
unloading.

It is generally more than the

It is generally less than the
expansion index.

compression index.

Itis givenby, C = _~4€

Itis given by, C, = Ae

_i.wu o hmiﬁ
5, &

o

3.4. Give the IS specification for li
test.

What is weight of hammer,
as per IS - 2720 part VIII

ght and heavy compaction

OR

height of drop, number of layers
n heavy compaction test ?

[AKTU 2015-16, Marks 02

_PNHG 2019-20, Marks @ﬂ .

4

8

Q

DR P € S
\ﬂcp? ACHm-mﬂ——.—-ﬂv

ANE: Following are the N

stions
,,/[

2 gu_.rw Que
ISg eci : T
test : Pecification for fiyy, and

i, The mould is to be 100 mm diame

) %ﬁﬂﬁa 1000 ¢ —both for gy 5y ey 28 heary !

ji, For H_w ; M%M,:vmﬁaskrm hammer shoylq have ! mwagﬁsa.
should fall fom 310 mm hghy. o 12124 125 g
given 25 blows, as usug], - 1AYErs, each layer being

ifi. For heavy compaction, the hammer ghoy
and mro.:E drop from 450 mp, height :“ Mm%m_ a
being given 25 blows, as ugua], . ¢

heary Corpaction

ter, and 1975 m high, yiving o

mass of 4.59 ky
yers, each layer
3.5. What isthe recommendation of US Army corps for protective
filters ?

| AKTU 2015-16, Marks 0z}
an¢ The filter specifications are given below -
bu.n. ﬁm‘;ﬁmﬂv <5
D, (Protected material)
4< D,; (Filter) <
D, (Protected material)
D, (Filter) _
— <25
D, (Protected material)
D,,, Dy, and D refer to the particle sizes from the grain size
distribution curves.

3.6. What are the factors affecting compaction ? o
Axise i e soil is increased by compaction. The increase
= MHWMFMQ&M% MMM%MM %wmumm upon the mozoﬂw.bm factors:
i Water factors.
fi. Amount of compaction.
. Type of soil.
iv. Method of compaction.

i i d?
3.7. What are the methods for compaction used in fiel

i ili choice
AnE Several methods are used for Smenaom cm. soil ,%, www.m.lwmg e
of the method will depend upon the Moum M.%M,
density required, and economic conside
i. Tamping.
ii. Rolling.
iii, Vibrating.

. ion Ugﬁmmm.
8.8. Write down the stages of the consolidatio

ANE The consolidation of asoil deposit can
i. Initial consolidation.
ii. Primary consolidation.
iii. Secondary consolidation.

be divided into three stages:

www.civilguru.net
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39. Define cocfficient of compressibility.

[AKTU 20156-16, Marks 02)
An& Cocflicient of compressibility (a,) is defined as the decrease in voiq

ratio (Ac) per unit increase in effective stress (AG ). 1t is expresseq
as:

-Ac
a = ——
" Ao
3.10. What is the coefficient of volume change ?
A& Coefficient of volume change (m ) is defined as the volumetric

( % u . —
strain ﬁﬁw per unit increase in effective stress ( Ag ). Thus,
0
- -AV/V,
‘ AG

3.11. Discuss the factors affecting the time factor and degree of
consolidation.
Ang The time factor (T,) and degree of consolidation depends upon :
i. Thickness of clay layer.
ii. Number of drainage faces.
iii. Coefficient of permeability.
iv. Coefficient of consolidation.
v. Magnitude of consolidation pressure.

3.12. What is pre-consolidated stress ?

| AKTU 2018-19, Marks 02

Ans. Pre-consolidation stress is defined to be the maximum effective
stress experienced by the soil. This stressis identified in compression
with the effective stressin its present state.

3.13. Define over consolidation ratio (OCR).

Ans. Over consolidation ratio is defined as the ratio of the preconsolidation
stress (g, ) to the current effective stress (o).
OCR = i
g

- Qﬂ.msw the expression for the determination of time factor
(T).

Ans. Time factoris calculated as :

v

For U <60 %
T,=-0933log, (1-U)-0.085  For U>60%

©eO

Q..HWQ«N
4

% Marks Questions
= ]

gQ-12 A (CE-Sem-5)

Stresg Ummeircmos in

Soil and Sheay
TUNIT mﬁ.mbmﬁu

(2 Marks Q

uestions)

pm———

4.1. Define the shear strength of sojl.

[AKTU 201617, Marks 02
Ang: It may be defined as the maxim is < <henr
stresses before the failure. 1 resistance offered by shear

42. Write down the various tests for determining the shear
strength of soil.

Ansi The following tests are available for determining the shear strength
of soil :
1. Laboratory Test :
i. Direct shear test. iL Triaxial compression test.
fii. Unconfined compressiontest.  iv. Laboratory vane shear test.

v. Torsion test. vi. Ring shear test.
2. Field Test: )
i. Vane shear test. ii. Penetration test.

43. Discuss the advantages of direct shear test.

AfE The test has several advantages. Some of them are as follows :

i. Tt isquick, inexpensive and simple. )
ii. Samples can be sheared along predetermined m_mbmm‘ zwwwm w%.
shear strength along fissures or other selected planes are

44. Give the disadvantages of direct shear test.

i i test:
Ang: Following are the %mmw.%wbwwm%w %%W%Wﬁm mwmwmramum R——
i. The failure plane is always

be the weakest plane in the sample.

3s in the
; ater pressure in t
#i. There is no m&.ocmwwob for Bmm..mﬁﬁum. pore fq. unm m%.mnﬁcm stresses
shear box and so it is not possible t0 detero®

from undrained test. ‘ ,
in shearing strength ?
TRTU 201516, Marks 02
ally onethat exerts

45. What is platen or end effect

3 late; espect
A8 Platen inshearing strengthis aflatpd

or receives pressure.
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Explain in bri

Explain the isobar.

‘Isobar’ is !
,w%cé the ground surface at W
same. The isobar of stress h
pressure bulb.

Define undrained shearing strength.

ined
The shear strength of a fine grain¢
is called the undrained shear strength.

SQ-13 A (CE-Sem. )
I ——

obar or isobar diagram,

_ AKTU 2015-16, En—@
_ AKTU 2016-17, Esﬂ.@

i ich connects all point
; ur or a line which Doints
a stress cOnto hich the vertical pressure ig the

2 Marks)

of about stress is

OR

as shape of bulb, so it is also known gg

[AKTU 2018-19, Marks 02
soil under undrained condition

What are the limitations of coulomb’s theory ?

_HNHC 2018-19, Marks 02

Limitations of Coulomb’s Theory:
It neglects the effect of the intermediate wdbev& mws.mmm..

This theory, approx the failure envelope into straight line which
may be a little curve for over consolidated clays.

For some clay there is no fixed relationship between the normal
and shear stresses on the plane of failure. This theory cannot be
used for such soils. :
In case of pure clays, according to this theory, shear strength is constant
with the depth. However in practice alittle increase is observed.

Write down the assumptions of Boussinesq equation theory.
Following are the assumption of Boussinesq theory :

The soil mass is an elastic continuum, having a constant value of
modulus of elasticity (E), i.e., the ratio between the stress and
strainis constant,

The soil is homogeneous, i e., it hasidentical properties at different points.
The soil is isotropic, i.e., it has identical properties in all directions.
The soil mass is semi-infinite, i.e., it extends to infinity in the
downward direction and lateral directions.

The soil is weightless and is free from residual stresses before.the
application of the load.

What are the assumptions of Westergaard’s theory ?

H‘,o:o,s.:mmﬂm:gmmmmcéuaosmowémn._ :
The soil s clastic and semiinfinite, 0 ® He0TY
Soil 1s composed of numerous closely spaced horizontal layers of
:mm:muv_o thickness of an infinite rigid material. :
The rigid material permits only the downward deformation of mass
in which horizontal deformation is zero. ..

©0©

5

q-14A (CE-Sem-5)

UNIT

2 Marks Questions

Earth Pressure and

Stability of Slopes
(2 Marks Questions)

5.1.

Afis:

5.2.

Define the term earth pressure.

The soil that is retained at a slope steeper than it can sustain by
virtue of its shearing strength, exerts a force on the retaining wall.
This force is called the earth pressure.

Classify the lateral earth pressure.

Anig. The three categories of lateral earth pressure are :
i Atrest earth pressure. ii. Active pressure. iii. Passive pressure.
5.3. Differentiate active and passive earth pressure.
FAKTU 2017-18, Marks 02
OR
Define active earth pressure in brief.
[AKTU 2016-17, Marks 02}
‘S.No.| ' Active Earth Pressure . | Passive Earth Pressure
L 1t is a lateral pressure exerted Hnmmm_m»mnm.b pressure m..ﬁmmw.wm
by the soil mass on retaining by the retaining wall on sol
wall. mass.
2. | Movement of retaining wall | Movement %m Mmmmﬂazm wall |
away from the back fill Eﬁ\l\\ﬂ
- -~ Y7, ﬂ
3. | Coefficient of active earth Coefficient of passive ear
1+sind
1-sin¢ pressure, K, = ==
= 1-sind
pressure, K T7sind A e
i e
: Passive earth pressure1s mor
4. Active earth pressure isless than B ing pressure.
A resting pressure. .\\lln\\\\\\l\&\J
- — ed SO1
J ~Tbution diagram for submers

Draw pressure dist ET06, Marks 02

mass.
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Ang

Y2

feralRes] |y, He)

Fig. 5.4.1. Pressure distribution for submerged soil nom&‘uo?“
55. What are the limitations of Rankine theory ?
| AKTU 2015-16, Marks 03]

Following are the limitations in Rankine theory :
i. The retained soil may not be always cohesionless.
ii. The wall back may not always be vertical.

The back of the wall is never smooth, and hence friction develops,

Give the factors affecting of coefficient of ear
Ans. Coefficient of earth pressure depends upon : )
1. The angle of back of soil, ii. The soil wall fricti

ii. The angle of backfill.

th pressure.

on value,

5.7. Define slope. Where it is used ?
Ans. An earth slope is an uns
Earth slopes are for
embankments, ear
locations,

upported inclined surface of a soil mass,
med for railway formations, highway
th dams, canal banks, levees and at many other

5.8. What are the

assumptions made for the analysis of slopes ?
Ans.

The following assumptions are generally made for slopes :
1. The stress system is assumed to be two-dimensional. The stresses

in the third direction are taken as zero.
ii. It is assumed th

at the Coulomb equation for shear strength.is
applicable and the strength parameters and ¢ are known.
5.9. Define factor of safety with respect to shear strength.
Ans. The factor of safety is defined as the ratio of the shear strength (s)
to the shear stress (1, ) along the surface of ?:E.m.

Factor of safety, f.= §

5.10. Explain factor of safety with respect to cohesion.

o ﬁ‘.‘wsl.‘b.ummn

| _

23 FAAR
CE-Sem-5)
164 (
sQ

aqg The factor of safety vy
AnS: available cohesion 55.: Tespect ¢, Srmaoi

cept i .
(c,)- Pt(c)ang the B%Enh.mv 15 the ratjg of the

Cohesion intercepy,

Thus, Factor of safety, f c

ﬂ“/-

1. What do you understang
51 fiction 2 By factor of safety

With respect ¢
axs: The factor of safety with, Tespect to fiiops .
frictional strength to the B%W_me%mﬁﬁww_ﬁm.&o ofthe availahle
_ tan b Strength,
Thus, fo= =22
tang,

5.12. What are different types of slope failureg 2

AKTU 201920, Marks 02
Ang. Following are the v,

D C arious types of | {lares:
Rotational failure. _mﬁ gm%ﬂuwﬁmmwm
iii. Compound failure, iv. Wedge failure, .
v. Miscellaneous failure.

-

5.13. Give the expression for stability number,

Ans: Stability scErma.mw proportional to the required cohesion and is
inversely proportional to the allowable height.

C
S =
" foyH

Stability number is a dimensionless quantity.

5.14. Define stability factor.

Ans: Stability factor isthe reciprocal of the stability number.
1 f4H
Stability factor= g~ =",

n

5.15. What is the most critical circle ?

uﬂﬁm..ev.wnmno_mﬁrmnv m?om?manmBssmmnsﬂ&ma.mQ.wm Q..m.Eomn
critical circle. ,

i ility of slopes ?
516. How can you improve the mg;.: -.w. e s ol
AfiS: These are following measures which impro O bie, 1t
Slope flattening reduces the weight of the mas  to

can be used wherever vommw.Em. . =
1. Consolidation by surcharging, m_Mn__..MomomEo , .
helps in increasing the stability ois us. conpoindsiato pecific
ii. Grouting and injection of cement or onmm,%mm. o

o helpin loueatie swm m.S@MM.MMmEm the stability of slopes.
iv. Stabilization of the soil helpsin!

©00
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Max. gm—.ﬂ.wnw s Hco

—_—

Time : S Hours

SECTION-A

1. Attempt all parts. All parts carry equal marks. Write answer of
each part in short. (2x 10=20)

a2 What is muck? R
auE  Refer Q. 1.3.2 Marks Questions, Page SQ-1A, Unit-1.

b. Briefly explain single grain structure. .
Afs Refer Q. 1.12, 2 Marks Questions, Page SQ-3A, Unit-1.

¢. Draw pressure distribution diagram for submerged soil
mass.

ASE Refer Q. 5.4, 2 Marks Questions, Page SQ-14A, Unit-5.
d. What is weight of hammer, height of drop, number oflayers
as per IS - 2720 part VIIL in heavy compaction test ?
AFE Refer Q. 3.4, 2 Marks Questions, Page SQ-94A, Unit-3.
e. What is the recommendation of US Army corps for protective
filters ?
Ans. Refer Q. 3.5, 2 Marks Questions, Page SQ—-10A, Unit-3.

f Explain in brief about stress isobar or isobar diagram.
Ans Refer Q. 4.6, 2 Marks Questions, Page SQ-13A, Unit-4.

g- Define coefficient of compressibility.
Ans. Refer Q. 3.9, 2 Marks Questions, Page SQ-114, Unit-3.

h. What are the limitations of Rankine theory ?
Aus. Refer Q. 5.5, 2 Marks Questions, Page SQ-15A, Unit-5.

i. What is platen or end effect in shearing strength ?
Aug: Refer Q. 4.5, 2 Marks Questions, Page SQ-12A, Unit-4.

j. What is inside and outside clearance in soil exploration ?
Anis. This questions is out of syllabus from session 2020-21.

Solved Paper (2015-16)
SECTION . B

Attempt any five parts of the followin
8 All partscsyr
Starry equal markg

;. What are the limitations jn
sedimentation analysis ?

e Refer Q. 1.24, Page, 1-25A, Unit.1.

(5 10=50)

the use of Stoke’s law jn

A bed of sand consists of three hop

2. thickness. The magnitude of the nMMMNmM.M”_o ._m«.w.m of mm:mw_
for both the upper and lower layers j5 4x 5.% rmesbility
for middle layer is 6 x 102 mm/gec, What is Nawmn. ud
average permeability of bed in horizontal dir n.m ratio of
in vertical direction ? ection to that

afs: Refer Q. 2.12, Page, 2-14A, Unit-2.

3. What m.m piping in hydraulic structure ? Suggest some
remedial measure to check or prevent it.

AuwE: Refer Q. 2.23, Page, 2-27A, Unit-2,

4, A concentratedload10kN acts on the surface of a soil mass.
Using Boussinesq analysis, find the vertical stress at points
(#) 3 m below the surface on the axis of loading, and (ii) at
radial distance of 2 m from axis of loading and at depth of
3m.

Aiis: Refer Q. 4.5, Page, 4-TA, Unit-4.

5. A soil sample 20 mm thick takes 20 min. to reach 20 %
consolidation. Find the time taken for a clay layer 6 m thick
to reach 40 % consolidation. Assume double drainage in
both cases.

AHE Refer Q. 3.19, Page, 3-22A, Unit-3.

6. What are the advantages and disadvantages of triaxial
compression test ?
Aris: Refer Q. 4.19, Page, 4-22A, Unit-4.

7. Using the Rankine theory, determine the total mn..,_?m H&.HMMW
on a vertical retaining wall 10 m mzmvu%mz.m mcw retai
has the following properties $=35"37= wEneme <oil slopes
What is the increase in horizontal »_EGJ B e to the
up from the top of the wall at an angie

~ horizontal ? .
ALS Refer Q. 5.9, Page, 5-124, Unit-5. .
z d for the
8. Explain SPT test. Also, explain the corrections U3¢
test,

|
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—— ey
AN This question is out of syllabus from sessin 2020-21,
SECTION-C

Attempt any two parts of the following. All parts carry equal i

ar}
: : Lo @xlsagg
9. A natural soil deposit has bulk unit weight of 18.5 KNy

and water content of 5 %. Calculate the amount of ., .~

. 3 . . £ spﬂaﬂ
required tobc added to 5 m® of soil to raise the watep conte

to 14 %. Assume the void ratio to remain constant, Also f; nt
degree of saturation, assume G = 2.65. nd

Ans. Refer Q. 1.14, Page, 1-16A, Unit-1.

10. Whatare the Skempton’s pore pressure Parameters ? Deriy
an expression between pore water pressure ang mwvmom
stress.

Ansl Refer Q. 4.22, Page, 4-27A, Unit-4.
11. Explain field methods to determine permeability.
Ans

Refer Q. 2.13, Page, 2-15A, Unit-2.

©0O

e = 352 3 LRI e SR
?.Ku..&mm«.w?m&

<siioey

N, 2016.
GEOTECHNICAY, mmn%wmwﬂn
—

Note:

1.
a.

AR

b.

‘Refer Q. 5.3, 2 Marks Questions, P2ge 5Q-1

i.  Attempt all questiong,
i, Assume anydata suitably,

if requireq.

Attempt all parts. Each

part carries
Define the shear stre ©

qual
ngth of sojl. marks. - (10x2=20)
Refer Q. 4.1, 2 Marks Questions, Page SQ-124_ Unit

Explain the coefficient of Permeability.

Refer Q. 2.5, 2 Marks Questions, Page SQ-6A, Unit.2,

What do you mean by hydraulic conductivity ?
Refer Q. 2.10, 2 Marks Questions; Page SQ-7A, Unit-2.

Um»..Em<omm~.m$c.tEWﬁE.ﬁﬂmmmebm specific gravity.
Refer Q. 1.7, Page 1-5A, Unit-1.

The void ratio of soil sample is 1, determine the
corresponding porosity of the soil sample.

Refer Q. 1.24, 2 Marks Questions, Page SQ-5A, Unit-1.
Explain the isobar. A3

Refer Q. 4.6, 2 Marks Questions, Page SQ-134, Unit-4.

‘Briefly explain the flocculant grain structure.

Refer Q. 1.13, 2 Marks Questions, Page SQ-34, Unit-1.

State the Darcy’s law. nit-2
Refer Q. 2.4, 2 Marks Questions, Page SQ-64, vt

Define index properties of soil. )
. t-1.
Refer Q. 1.15, 2 Marks Questions, Page .m@&». Uni

; 3 ief,
Define active earth pressure in bri€ 4A, Unit-5,

(5%10=50)
Attempt any five questions: n brief.
Explain SPT test. Write the wzgmwmwn 2071
This question is out of syllabus from sessio

»
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i ick takes 40 minute to reach

b. A soil sample 40 mm »r_.ar t ch 49 ¢,
consolidation. Find the time taken foraclay lnyer 8m ) a_m
to reach 80 % consolidation. Assume double L-.:stc in
both cases. .

AnE Refer Q. 3.18, Page 3-214, Unit-3.

c. Compare between compaction and consolidation.

AnE Refer Q. 3.10, Page 3-11A, Unit-3.

d A soil specimen has a water content of mm % and a wet unjy
weight of 25 kN/m3. If the specific m,-.m<.~€ of solids ig 2.70,
detormine the dry unit weight, void ratio and the degree of
saturation, take y,, = 10 kN/mS.

Ans. Refer Q. 1.15, Page 1-17A, Unit-1.

e. A square footing has dimensions of 2 m x 2 m and a depth of
3 m. Determine its ultimate bearing capacity in pure clay
with an unconfined strength of 0.15 N/mm?, ¢ = 0° ap, d
y = 1.7 g/cm3. Assume Terzaghi’s factors for$=0,asN, =57,
.?.o =1 NH—Q.Z«HC.
This Question is out of syllabus from session 2020-21.

Write the short notes on :
Field compaction control. ii. Proctor needle method.

Refer Q. 3.4, Page 3-5A, Unit-3.

Drive the Laplace’s equation of continuity with all assumptions.
Refer Q. 2.18, Page 2-22A, Unit-2.

Define the Skempton’s pore pressure parameters, Derive an
expression between pore water pressure and applied stress.

Refer Q. 4.22, Page 4-27A, Unit-4.

S A

3. Attempt any two parts of the following (2x15=30)
a. Explain the field methods for compaction of soil in details.
Ans. Refer Q. 3.3, Page 3-3A, Unit-3.

b. A soil sample of saturated soil has a water content of 35 %
and bulk unit weight of 25 kN/m3. Determine dry density,
void ratio and specific gravity of solid particles. What would
be the bulk unit weight of the same soil at the same void
ratio but at a degree of saturation 60 %, takey,, = 10 kN/m’.

Ans. Refer Q. 1.16, Page 1-17A, Unit-1.

c. What do you mean by site investigation ? What are the
different purposes for which site investigation is done ?

Ang. This Question is out of syllabus from session 2020-21.

©00
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. Attempt all sections. If any missi .
Note: \mr&emzw. Y missing data required, then choose

m_\\a >

SECTION-A

- 1. Attempt all questionsin brief. (2x10=20)
a. What do you understand about index properties ?
i Refer Q. 1.15, 2 Marks Questions, Page SQ—4A, Unit-1.

b. What is meant by ‘primary valence bond’ and ‘secondary
valence bond’ ?

xns: Refer Q. 1.19, Page 1-19A, Unit-1.

c. Write methods to determine the water content.
Atis: Refer Q. 1.5, 2 Marks Questions, Page SQ-2A, Unit-1.

d. Define Udﬂw unit weight. Write the relation between bulk
unit weight and dry unit weight. .
AnS: Refer Q. 1.7, 2 Marks Questions, Page SQ-24, Unit-1.

e. ‘What is Muck ? .
Axs. Refer Q. 1.3, 2 Marks Questions, Page SQ-1A, Unit-1.

f. Define Consistency limits. Y
ANE Refer Q. 1.8, 2 Marks Questions, Page SQ-2A, Unit-

i i Activity and Sensitivity.
g. Differentiate between P sQ-14, Unit L.

A& Refer Q. 1.18, 2 Marks Questions,
. 3 ressure.
h. Differentiate Active and passive mmﬂ?%ﬁr Uit 5.
AME Refer Q. 5.3, 2 Marks Questions, P8¢ 5Q- £
: : derivatio
.i. What are the assumptions made 11 the de

ity ?
Terzaghi’s bearing capacity theery

jon 2020-21.
AWG: This question is out of syllabus front 5629

s its important

9 Discus

j- What is Mohr’s circle
characteristics.
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.mv
AB& Refer Q. 4.13, Page 4-18A, Unit-4.

SECTION-B

2 Attempt any three of the following : Bx10=

i : . 30)
a. Determine the ultimate bearing capacity of a strip footj

p . . ng,
1.20 m wide, and having the depth of foundation of 1,¢ m
Use Terzaghi's theory and assume general shear failure,

Take ¢ = 35°, y =18 kN/m3, and ¢'= 15 kIN/m?,
Ak This question is out of syllabus from session 2020-21,

b. What are the basic characteristics of the failure mechanigmg
in general shear failure, local shear failure and punch

in
shear failure ? Also differentiate between ultimate rmg'mum
capacity, safe bearing capacity, safe bearing pressure

and
allowable bearing pressure. ;

Ans. This question is out of syllabus from session 2020-21,

c. For a sedimentary soil deposit, which solution is more
appropriate Boussinesq’s or Westergaard’s. Why ? State
the assumptions involved in the Westergaard’s theory. A
concentrated load of 40 kN acts on the surface of a soil.
Determine the vertical stress increment at points directly
beneath the load upto a depth of 10 m and draw a plot for
the vertical stress variation upto depth of 10 m.

ANE Reason and Numerical : Refer Q. 4.6, Page 4~ it-

Assumptions : Refer Q. 4.1, wmmm 424, mmmi.q»‘ Unit4.

d.i. Let us suppose as a geotechnical expert, you have a

challenge to control the compaction in a site; so how will

you control the compaction by the Proctor’s needle
method ? ‘ :

ane: Refer Q. 3.4, Page 3-5A, Unit-3,

ii. As a geotechnical engineer for the design of a filter of an
earth dam, the proper selection of filter material is required
to prevent the piping failure; so what are the conditions,
you will keep in your mind at the time of filter design ?

Ans. Refer Q. 2.25, Page 2-29A, Unit-2.

e.i. What do you understand by residual soils and transported

soils ? Give the grain size range of different soil types
according to IS specifications,

Ang wma.w:& and Transported soils : Refer Q. 1.1, Page 1-24,
Init-1.

Grain Size Range of Different Soil : Refer Q. 1.34, Page 1-344,
Unit-1.

ij. Establish the followin
Se = w@G
S = Degree of
e =Void ratio,
N. = Water content
= wﬁﬁamn B.Nd.mﬁ. 3 .
4ns. Refer Q. 1.8, Page 1-7A, Unit. 1. Y of 80il 50lidg,

g u.m_v:ozmr:u

where
’ 8aturatjop,

SECTION.-C
3. Attempt any one part of the following :
on ¢ following - (1x10=10)
a. A mass of s0ilis coated with thin la f i
and wax is 690.6 gm. Soil alone hag 3 g SSN.E of sail

Ter s .Sp. Gravi
of moﬁ.&m is 2.73 and that of wax 0.89, Find Void w»mo M”M
degree of saturation if water content in the soj] is 17 <.

Asis; Refer Q. 1.17, Page 1-18A, Unit-1.

b.i. Ilustrate by schematic diagrams, how the clay minerals
kaolinite, illite and montmorillonite are formed.
Ang Refer Q. 1.21, Page 1-21A, Unit-1.

ji. An oven dry soil sample of volume 250 cc weighs 430 g. If the
specific gravity of solids is 2.70, what is the water content
when the soil becomes fully saturated without any change
in its volume ? What will be the water content which ﬂE
fully saturate the sample and also cause an mn.m..nmumm in
volume equal to 10 % of the original dry volume ?
An% Refer Q. 1.10, Page 1-12A, Unit-1.

ing: (1x10=10)
4. Attempt any one part of the following: ¢
a. ﬁ—pmnvmﬂm%&monmun methods for mmpmawummou oM _”MM
coefficient of permeability in a —mvwnwﬁonw ? Discuss
limitations. -
A Refer Q. 2.8, Page 2-9A, Unit-2.

zum
. eepage water causes
b. Explain how upward flow oMmm onwrm pore water pressure

effective stress. What mm. Fm u.w
in the quick sand condition .N
Ans: Refer Q. 2,21, Page 2-264, Unit- |
owing: o ar
F B verticalstress under  reu o7
ot al stressat apoint PW ..o& by
o nvn of 3 m from the verti
an

's s O—f—ﬁmOB.

(1x10= 10)
5. Attempt any one vm.ﬂ. 0

a. Derive an muvnmmmw_on :
area. Determine the ver
below and at a radial dist

of 100 kN. Use ﬂmmgnnm.. iy

Ans. Refer Q. 4.7, Page 4-94, VEE™
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b. Give the assumptions of the eo—.ﬁ:n—:.m theory fo,
calculating the rate of 1D-consolidation and prove thag
du o'u
—= C. 7
at &z n
Ank Refer Q. 3.12, Page 3-12A, Unit-3.

6. Attempt any one part of the following : i (1x10=10)

a. According to Mohr - Coulomb criterion, how is o.ro failure
plane recognized and how is shear strength defined ? The
effective stress shear strength parameters of completely
saturated clay are : ¢’ = 20 kN/m?,9' = 25°. A sample of thig
clay was tested in an unconsolidated undrained test undey
a cell pressure of 200 kN/m? and the principal stress
difference at failure was 110 kN/m2 What was the value of
pore water pressure at failure ?

Aiigl Mohr - Coulomb : Refer Q. 4.14, Page 4-18A, Unit-4.

Numerical : Refer Q. 4.25, Page 4-31A, Unit-4.

In an in-situ vane shear test on saturated clay, a torque of
35 N-m was required to shear the soil. The diameter of the
vane was 50 mm and length 100 mm. Calculate the undrained
shear strength of the clay. The vane was then rotated
rapidly to cause remoulding of the soil. The torque required

t0 shear the soil in the remoulded state was 5 N-m. Determine
the sensitivity of the clay. 4

Ang. Refer Q. 4.27, Page 4-32A Unit-4.

7. Attempt any one part of the following :

2. Differentiate between gross and net bearing cap
are the assumptions made in the Terzaghi’
theory ? Also discuss the failure zones in
with the help of its neat sketch,

Ans. This question is out of syllabus from session 2020-21.

(1x10=10)
acity. What
sbearing capacity
Terzaghi’s theory

b. Determine the ultimate bearin

2 m width, with itsbase ata depth of 1.5 m below the ground
surface and resting on a saturated clay soil with the
following properties :

Yeur = 20 kKN/m?; ¢, =40 kN/m?, 9,=0;¢' =10 kN/m?; ¢ = 20°
Forg= 20%N,=17.71,N_= T4,N =5.0
The natural water 5&

eisatlm depth below the ground
level. Ignore the depth factors.

Ans. This question is out of syllabus from session 2020-21.

©00
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Max. Marks : 100

Note: Attempt all sections. If any missing data required, then choose
suitably.

SECTION-A

1. Attempt all questions in brief.
a. Define origin of soil.

Ans: Refer Q. 1.1, 2 Marks Questions, Page SQ-1A, Unit-1.

(2x7=14)

b. Draw the figure of &mﬁmﬁ» separated soil munc. three phases.
A#& Refer Q. 1.4, 2 Marks Questions, Page SQ-14, Unit-1.

¢. Compute therangefor capillary rise in silt deposits. Assume
value of void ratio as 0.7. : .
A7 Refer Q. 2.15, 2 Marks Questions, Page SQ-8A, Uni

d. Define analogy method by Laplace 3@“&“ .
Afig, Refer Q. 2.8, 2 Marks Questions, Page SQ-1T .

idated stress ? .
e. What are the uumoonmormw ° Page SQ-11A, Unit-3.

Aws: Refer Q. 3.12, 2 Marks Questions,

. b.
f. Define undrained m__aﬁm_ Hﬂww SQ-134, Unit-4-
) ks Questions,
AwE Refer Q. 4.7,2Mar

..
ations of coulomb's theory

g. What are the limit Questions, Page SQ-13A, Unit-4.

Avig: Refer Q. 4.8,2 Marks
SECTION-B

(7x3=21)

2. Attempt Emarw.meo.m
t is the use :
N MM—N@—S:. of particle size

Aus: Refer Q. 1.26, Page

. fs
b. The specific EFaVIY 2 ¢
" was determined bY

s otribution curve
article size &_mﬁ_vnﬂab
p distribution curve.

oil solids for & g
ty 302—0 me

f the following : e 2 With

en soil sample
thod using kerosene:
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Following observations were recorded. Compute ::m specifie
gravity of soil solids at test temperature which was
maintained at 27°, Also report the value at 4°C. Take specific
gravity of kerosene at 27°C as 0.733.

Ang Refer Q. 1.12, Page 1-14A, Unit-1.

c. Define the terms:
i. Quick sand condition.
Ang. Refer Q. 2.21, Page 2-27A, Unit-2.

ii. Exit gradient. .
Ans. Refer Q. 2.14, 2 Marks Questions, Page SQ—8A, Unit-2,

iii. UU test.
Ans. Refer Q. 4.20, Page 4-24A, Unit-4.

d. In thelaboratory a 2 em thick soil sample takes 25 minutes
to reach 30 % degree of consolidation. Find the time taken

for a5 m thick clay layer in field to reach 40 % consolidation.
Assume double drainage both cases.

Ans, Refer Q. 3.21, Page 3-24A, Unit-3.

e. Using the Rankine’s theory, the total active thrust on g
vertical wall 10 m high, if the soil retained has the following
properties, ¢ = 35°, y = 19 kN/m® What is the increase in
horizontal thrust if the sojl slopes up from the top of the
wall at an angle of 35° to be horizontal ? :

Ans. Refer.5.9, Page 5-12A, Unit-5.

SECTION-C

3. Attempt any one part of the following : (Tx1=7

a. The plastic limit of soils jg 24 % and its plasticity index is 8
%. When the soil is dried from its state of Plastic limit, the
volume change is 26 % of jtg volume of plastic limit. The
corresponding volume change from liquid limit to dry state
15 35% of its volume of liquid limit, Determine the shrinkage
limit and the shrinkage ratio.

Ans. Refer Q. 1.32, Page 1-31A, Unit-1.

b. Define clay minerals. Also discuss montmorillonite with
neat sketches,

Ans. Refer . 1.21, Page 1-21A, Unit-1,

4. Attempt any one part of the following (Tx1="7)

a. Explain capillary siphoning with neat sketch. Also discuss
about partially saturated soil,
Ans. Refer (). 2.24, Page 2-29A, Unit-2.

A (CE-Sem-5)

gp-12

theory ?
powi Refer @219, Page 2041ty

5. Attempt any one part of i,
a. Find out the expression for

thelaw of deflect i
at the interface of twq dissimilay soilsg, Fetlan of lowline
AN Refer Q. 2.11, Page 2-13A, Unit-2.

e ?:o«ism .

b. Write the difference between com
The in-situ void ratio of a grany
maximum and minimum soij ratio of the soil were
determined tobe 0.75 and 0.33, G,=2.67, also determine the
relative density and relative compaction of the deposit.

asig, Difference:Refer Q. 3.10, Page 3-104, Unit-3.
Numerical : Refer Q. 3.8, Page 3-94, Unit-3.

paction and consolidation.
lar soil depositsis 0.50. The

t any one part of the following : (Tx ~.|..5

M.. Whﬁmwwbmomammmou test, the void ratio of the mvmnwwmn ﬂEMw
was 1.068 under the effective pressure 0f214 kN/m?, n&@m d
to 0.994 when the pressure was :.umu.mmmm& to »wm x .“u.
Calculate the coefficient of permeability, SvaﬁﬂoM ndex.
Also find the settlement of mo—E.mmﬂon nmm»ﬂbmb cﬂ.m cbove
type of clay, if thickness of layer is 8 m and the
pressure is 10 kN/m?. .

Ang: Refer Q. 3.26, Page 3-284, G.va

i i load of 8 ttm*
x 4 m carries a uniform
> >Hmogbm“”MwwMMWWM“. Find the qmnmnm.w. pressure at 5m
MM“.“M ﬁm_..pnw centre and corner of the loaded area.

Afig; Refer Q. 4.4, Page 4-6A, Unit4.

. Tx1=T)
; f the following : . ed ina
7, WﬂmBM”uMbWM. %M MMHMM of 600 mm diameter 1S arrang
a. A gro

. 10m
N gm Munwﬁw are
o acing of 1.2 m . hesion of
ttern with ¢/c spa lay with cohesion
long ol are embedded in o emaglected for the piles:
on

30 ﬂwH N/m mmmk..:uﬂ HQWmmgﬁO Eﬁ.% ; -
\. 3 WNOHOH- mw Q.@. uﬂﬁmasﬁ Egmnﬁ ﬂom@ carT w:—m
}.&— 1es10n ; - | N

: m. Sy —ﬂm:uﬂm. from session from NQIV 0-21
i i i ut o .

Anisl This QﬂﬂmﬁHOH— 150 . o —
b. What are h ased ﬂﬁmn.mﬂ.mmnﬁ concrete ﬁbmw Explain any

ﬁ ec
- two Ontﬁ.rﬁa fé‘mnﬁ— Humﬁﬂ mwm nﬂwﬁm-

Anis; This question isout ofs

©00

ssion from 2020-21.
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B.Tech.
(SEM. V) ODD SEMESTER THEORY
EXAMINATION, 2019-20
GEOTECHNICAL ENGINEERING

Time : 3 Hours

Max. Marks : 7¢

Note: Attempt all sections. Assume any missing data.
Section-A

1. Attempt all questions in brief.
a. Explain index properties of soil.
Ans. Refer Q. 1.15, 2 Marks Questions, Page SQ-3A, Unit-1.

(2x7=14)

b. What are the basic structural units of clay minerals ?
Ans. Refer Q. 1.11, 2 Marks Questions, Page SQ—3A, Unit-1.

c. List the factors affecting permeability of soils.
Ans. Refer Q. 2.9, 2 Marks Questions, Page SQ-74, Unit-2.

d. Define critical gradient.
Ans. Refer Q. 2.12, 2 Marks Questions, Page SQ-84A, Unit-2.

e. Differentiate between compression index and expansion
index. .

Ans. Refer Q. 3.3, 2 Marks Questions, Page SQ-9A, Unit-3.

£ What are different types of slope failure ?
Ans. Refer Q. 5.12, 2 Marks Questions, Page SQ-16A, Unit-5.

g. Deccribe various types of pile foundation.
Ans. This question is out of syllabus from session 2020-21.

Section - B

2. Attempt any three of the following :

(7x3=21)
a. Prove that dry unit weight of soil.
4y = (-n,)Gy,,
l+e

Ans. Refer Q. 1.8, Page 1-7A, Unit-1.

b. Explain flow net. Describe its properties and its applications.

it}

mmu\E A (CE-Sem-5)

Solved Paper (2019-20)
A Flow net and propertieg: Refe

Application : Refer Q. 2,16, Fﬁm %;.mww.%%mﬂm&.ﬁ? Unit-2.

n.>=9.5»=<8§o=%.ﬁ&ns_m .
unit weight of 20 kN/m? uum : yer of 10 m thickness has a

it weigt pecific gravity of 2.72.
liquid __.E:n of the clay is 58 ¢. A mnﬂcnmn:.m owhﬂanwmhd QM
the clay increases the overburden pressure by 10%. Estimate
the consolidation settlement,

Ang. Refer Q.3.25, Page 3-27A, Unit-3.

d. Describe the unconfined compression test ? What is its
advantage over a triaxial test ?

Ane. Refer Q.4.17, Page 4-21A, Unit-4.

e. Using Terzaghi’s theory, determine the ultimate bearing
capacity of a strip footing 1.5 m wide resting on a saturated
clay(c, = 30 kN/m?, ¢_ = 0 and y,,,= 20 kN/m’), at a depth of
2 m below ground level. The water table is also at adepth of
2 m from the ground level. If the water table rises by 1m,
calculate the percentage reduction in the ultimate bearing
capacity.

ATiE: Hrwm question is out of syllabus from session 2020-2 1.

Section-C

. ing: (7x1=7)
. Attempt any one part of the following :
w m»wﬁwnmnwa_w% has a water content of mm.m % B....m a NUHM
. specific gravity of 1.84. Determine the void ratio an
specific gravity of soil momm.m.
Avis: Refer Q. 1.18, Page 1-194, Unit-1.

i i i ﬂOMﬂEU 18 ngnwﬂmm . ¢ t uw.#n
- .—Hu.vw._. p.—..@ﬂo 1S g {2 .f JH”H 1S Eﬁ —.—HWEEHW Emmwh Qﬁ ﬁ—um SoLu <
Hﬂnﬂﬁ W c f m— ?

ification ?
How do you classify the soil as per the 1S classificati

it-1.
Asis; Refer Q. 1.31, Page 1-814, Unt 7x1="

4. Attempt any one part of the followiag - er an mBum_.EmmEm

i osit is 7 m deep OV . ound
> ~> m.umﬂwﬁ-””“. MMM-..—MM@ENQ& table is 4 m below the gr
ayer.

. 2 f1.2m
. { ﬁﬁﬁh_.—u.ﬂvu 118€ O
it has a zom€ 02 B, ° f total stress,
surface. The a.%owa 50 €. Plot the variation bt s epth of
with mwgnuhmwcum and effective stress wi
pore water 1Y

deposit, e = 0.6 and My nam:Mww
Asig: Refer Q. 2.6, Page 2-TA,

23 0SS
i maccEHD in CcT

high and ity test. Th
b. A soil ﬂﬁﬂﬂ“ﬂﬁ@% ﬂwm—.—“— m._am ad ﬂmnﬂumh._uu—.—ﬁw o
subjecte all

.mmnﬁmo—w m.m
¢ head fell

r
A
Eé!
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from 500 mm to 300 mm in 1500 sec. The permeability of the
soil was 2.4 x 10~ mm/sec. Determine the diameter of the
stand pipe. .

Ans: Refer Q. 2.9, Page 9-11A, Unit-2.

5. Attempt any one part of the following: . (Tx1=7)
a. Describe standard proctor test and the modified proctor
test.
Avis;. Refer Q. 3.5, Page 3-64A, Unit-3.

b. A saturated clay layer of 5 m thickness takes 1.5 years for
50 < primary consolidation, when drained on both sides.
Its coefficient of volume change 1, is 1.5 x 102 m?2kN,
Determine the coefficient of consolidation (in m%yr) and
the coefficient of m.mamwc:#% (in m/yr).
Ang. Refer Q. 3.20, Page 3-23A, Unit-3.

6. Attempt any one part of the following : Tx1=7)
a. Explainthe Skempton’s pore pressure parameters in detail.
Ans. Refer Q. 4.22, Page 4-28A, Unit-4.

b. How a slope is analyzed using Swedish circle method ?
Derive an expression for the factor of safety.
Afis. Refer Q.5.17, Page 5-21A, Unit-5.

7. Attempt any one partof the following :
a. Define the following terms :
i. Net safe bearing capacity.
ii. Gross safe bearing capacity.
iii. Allowable soil pressure.

Ams; This question is out of syllabus from session 2020-21.

A_NXHH.NV

b. A group of 9 piles, 10 m long is used as a foundation for a
bridge pier, the piles used are 30 cm diameter with centre to
centre spacing of 0.9 m, the subsoil consists of clay with
unconfined compressive strength of 1.5 kg/em? Determine
the efficiency neglecting the bearing action, a. = 0.9.

Axig. This question is out of syllabus from session 2020-21.

©0©

ezl

gp-164 (CE-Sem-5)

Solved Paper (2020-21)
B.Tech.

(SEM. V) ODD SEMESTER
THE
EXAMINATION, 202021
GEOTECHNICAL ENGINEERING
—_—

Time : 3 Hours
—

Max. Marks : 100 _

Note: 1. Attempt all Sections. If require any missi ,
suitably. y missing data; then choose

SECTION-A

1. Attempt all questionsin brief. (2x10=20)
a. Explain the process of soil formation. Differentiate between
residual and transported soil.

Afg; Process: Soil is formed by weathering of rock due to mechanieal
disintegration or chemical decomposition. When a rock surface
gets exposed to atmosphere for an appreciable time, it disintegrates
or decomposes into small particles and thus the soils are formed.
Difference : Refer Q.1.2,Page1-24, Unit-1.

b. Derive theformula between soil moisture content (), degree
of saturation (S), specific gravity (G) and void ratio (e).
Aswig; Refer Q. 1.8(b), Page 1-8A, Unit-1.
c. What are the factors affecting the permeability of soils ?
Axg, Refer Q. 2.9, 9 Marks Questions, Page SQ-TA, Unit-2.
d. What do you understand by the term “fiow net”?
A%5; Refer Q. 2.15, Page 2-20A, Unit-2.

e. Define total stress; peutral stress an
Ans Refer Q. 2.1, Page 9-9A, Unit-2. .

f. Define consolidation. How it is differ from
Afs: Refer Q. 3.10, Page 3-10A, Unit-3-

: . Boussinesq’s theory:
g. List the assumptions made in Bo o Uit

pos Fofer Q. 4.9, 2 Marks Questions, Po€° 5.

: ot soils?

h. How do you define “failures in momum - it S
Atig; When soil is loaded, memnbm.ms.mmme_m fe e ation o
shearing stresses reacha I ’

place, leading to the failure 0 T E.mmaﬁ.mm ;

i What axe the &7, ,ﬁwmommﬁ 5147, Unit-5-
1 3
Ang Refer Q.5.2,2 Marks Ques A o ine's theory T

j. What are the assumptior

Unit-5-
ATES . m.w. mwmﬁ m\w}. . .
Ang: Refer Q e following

d effective stress-

compaction?

@Bx 10=30)

2. Attempt any threé 0
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iv.
fn,

=

f

Ak,
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SP-17 A (CE-8,

m-fj)
n.||.||||\||!.l‘lu\\l\\l T ———

. it weight of 18.6 kN/m? ,
osit has bulk un -
>. ==.,=2._._.MMM.~;.« ;. Calculate the amount of water require
ﬁapo-.n%n__..c; to 5 m” of soil to raige the water content tg 149,
H.&_“wh_a the void ratio to remain nc%x:.:? Also, find the
degree of saturation. >.§F..J.n G = 2.66.
Refer Q. 1.14, Page 1-16A, C:_Tu.n . a e
— .utral and effective stress at a depth ¢
an.n:_“_.ﬁ“ Mﬂm M.a..acsm surface for following conditiong
“\wa_”._.. \SEQ 3 m helow n..o::m m.:l.mno. for the sojl with
Eucﬁ\ﬁ.:n.a given by specific gravity = N.Mm, e=0.7, average
moisture content ahove water table =5 %.

m, Specific gravity, G = 2.65, Vgig
t above water table, w = 59,
t adepth 15m. %

Given : Water table mmv».: =3
ratio, e = 0.7, Average So_mnc.:u conten
To Find : Neutral and effective stress a

Degree of saturation js given by,

Se = wG
S= Sﬁu. - 0.05 » 2.65 —0.189
e 0.7

sulk unit weight,

}1-4-1.\kw.mm+o._vmwx cJ x@.ﬁna.ommwz\a»
A 1+0.7
Saturated unit weight,

(Gee (265407
R POYLC NPT
Totzsl strens st 15 m depth,

n = 16,055 » 3 + 19.35 % 12 = 280,125 kN/m?
Heutral stress ot 15 m depth, « = 19.33 « 12 = 231.96 kN/m?
Fffective strens at 15 m depth,
6= —u= 280,125 - 231.96 = 48,165 kN/m?

Define the following terms
Coefficient of compressibility,
Coefficient of volume change.
Expangion/ swelling index,
Refeer €, 3,14, Page 8-16A, Unit-3,

Analys: the Skempton’s pore pressure coefficients, Describe
how arethe pore pressure parameters A and B determined 7
Refer €. 4,24, Page: 4-24A, Unit-4,

Differentiate critically the earth pressure theories of
Rankine and Coulomb,

Refer Q. 5.7, Vage 5-10A, Unit-5,

_ 2 9.81=19.33 kN/ m*

ii. Compression index.

v. Recompression index.

> ot 2 Sm.

18 A (CE-Sem-5)

P- o)
m\.\\\\l..lll Solved Paper g 0120-21)
SECTION - ¢
3. Attempt any one part of the foliqwin, -
a. Differentiate between : > (1210=10)
i. Liquidity index and consistency ;
3 d
jii. Flow index and toughnesg mn%nw: =
iii. Plasticity and consistency.
iv. Activity and sensitivity,
) Diff bet Li
ifference ween Liquidi s
i B n Liquidity Index and Consistency Index -
i iquidity I nsisten
&S Itisd ﬁn d umvnmmN - 7 Index |
1. 15 detined as the ratio of the | It is defined as the ratio nrers |
difference between the natural | difference vmﬁa_mwwnwm.wo wmwmw |
w\m«mw Q.Ee.md.n of ﬁrm soil and | limit and the natural ..n,w.wm‘ |
its plastic limit to its plasticity content of 2 soil to its plasticity |
index. indez. .
2. Liquidity index indicates the Consistency index indicates the .
nearness of its water content | consistency of a soil. It shows
to its liquid limit. the nearness of the water
content of a soil to its plastic
Limit.
3. It is expressed as : It is given by, |
L=2"" 100 I=2%=% 100
1, I g
ii. Difference between Flow Index and Toughness Index:
S. No. Flow Index ‘Toughness Index
L | Flow index is the slope of the | Toughness index of a soil is
fiow curve obtained between | defined as the ratio of the
the number of blows and the | plasticity index to the flow
water content in Casagrande’s | index.
method of determination of the
liquid limit.
2. It is the rate at which a soil | It is a measure of Em.wrmw«%m
mass loses its shear strength | strength of the soil &
with an increases in water | plasticlimit.
| content,
3. [t is expressed as : Itisgiven by,
1
L= L= 7
] log,,(N,/N,) .

Difforence between Plasticity and Consistency :

www.civilguru.net
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S. No.

Plasticity . i OEEEE:.@U

L The plasticity of a soil is .#m
ability toundergo deformation
without
fracturing.

The consisteney of a fine
grained soil is the physical state

cracking and in which it exists.

2. Aplastic soil can be molded into
various shapes when it is wet.

It is used to denote the degree
of firmness such as soft, firm
or hard.

iv.

Difference between Activity and Sensitivity : Refer Q. 1.18, 9

Marks Questions, Page SQ—4A, Unit-1. . . .

b. Write the importance of the classification of mou_m. ..v.U-m..Emm in
brief with the help of a neat sketch Q—Nmm—?owﬁoﬂ of
fine-grained soils as per Indian Standard Classification
Svstem of soils. Also, give the mmmn&momb.om .On; D,y D,, and Dy,

ARE b.uﬁoambom : The purpose of soil &mwmw.mnmﬁmﬁum to arrange various
types of soil into groups according to zpm% mmpm._bmmdbm or agricultura]
properties and various other characteristics. ‘

Classification : Refer Q. 1.30, Page 1-30A, Unit-1.
Significance: o

D, isthe size of sieve holein which 10%of moﬂé passes through them.
D, is the size of sieve hole in which 30%of woﬁ §= passes through them,
Dy, is the size of sieve hole in which 60% of soil will passes through them.

Hu:t

D,, and Dy, is used for find Coefficient of unformity (Cu) and

coefficient of curvature (Cc).

Cu = Dg/D,,
Ce = (D))" 2/(Dg)(D,)

where, Curepresents particle size distribution.

4. Attempt any one part of the following :
a. Afallinghead permeability test was performed on a sample
of a clear uniform sand. One minute was required for the
initial head of 100 em to fall to 50 cm in the standpipe of
cross-sectional area of 1.50 cm?, If the sample was 4 cm
diameter and 30 cm long, calculate the coefficient of

Ce represents shape of particles along with the distribution.
(1x10=10)

permeability of sand.

Atid

min = 60 sec, Length of soil sample, L = 30 eni

To Find : Coefficient of permeability,

1. Coefiicient of permeability is given by,

k=

al hy 1.5% 30 ﬁwoou :
—_— —| = | = min
A, 1) _bh u In = 92.482 cm/

, Tx4xe0 00

Given : Initial head = 100 em, Final head = 50 em, Aréa of stand | -
pipe, & = 1.50 cm?, Diameter of soil sample, d =4 cm, Time = s

CEET

R S e )
%

gp-20 A (CE-Sem-5)

b.

Axis

Solved Paper (2020-21)

L R=041367 mpyge.
_wumU.F:- quick wman condition,
critical hydraulic gradient along with it <t rcosion for
Qﬁnrmmﬁmoﬂﬁ&moz. :mswb.momnnm.

gradient where particles start to outflo

Attempt any one part of the followi
! owing : =
INlustrate the assumptions of the Terzaghi’s MMMWWM M%w.

calculating the rate of 1-D consolidation and prove that :
ot YA

Refer Q. 3.12, Page 3-124, Unit-3,

Compare standard Proctor test and modified Proctor test.

C . .
H.Mmﬂwmﬁmon of Standard Proector Test and Modified Proctor

S pw.wwlmwdwm Proctor Test

Modified Proctor Test

It is a light compaction test. 1t is a heavy compaction test.

Number of layer is 3. Number of layer is 5.

Height of free fall 304.8 mm | Height of free fall 457.2 mm
(127). (18").

Weight of hammer is 2.495kg. | Weight of hammer is 4.54 kg.

Number of blow per layeris 25. | Number of blow perlayer is 25.

Volume of mould is 942 cc. Volume of mould is 942 cc.

Sle|als

Energy imported per unit | Energy imported per unit
volume is 605160 N-mm/m? volume is 272600 N-mm/m?

Attempt any one part of the following : (1x10=10)
Discuss in detail the Mohr-Coulomb’s theory of shear failure
of soils,
Refer Q. 4.14, Page 4-14A, Unit-4. i :
Describe tri-axial shear test. What are its advantages an
disadvantages ? :
Triaxial Shear Test : Refer Q. 4.16, Page ?wc.w%wnaw v ik
Advantages and Disadvantages : Refer Q. 4.19, Pag ;
Unit-4. : .
lowing : (1x10=10)
e part of the following:: =
ﬂﬂﬂﬂuﬂbwrﬂﬂr%&a mode of failure w». an earth H.MN.EM-“M
structure ? Briefly, outline the remedial measures tha

be undertaken against such failures ?

www.civilguru.net
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Weak or liquefied layer

Fig. 1.

Gravity walls usually fail by rigid-body mechanisms such as sliding
and/or overturning or by gross instability :
Shiding occurs when horizontal force equilibrium is not maintained Gi.e.,
when the lateral pressures on the back of the wall produce a thrust that
execeds the available sliding resistance on the base of the wall).
Overturning failures occur when moment equilibrium is not
satisfied; bearing failures at the base of the wall are often involved.
Gravity walls may also be damaged by gross instability of the soils
behind and beneath them. Such failures may be treated as slope
stability failures that encompass the wall.,

Composite wall systems, such os crib walls, bin walls, and
mechanically stabilized walls, can fail in the same ways or by a
number of internal mechanisms that may involve shearing, pullout,
or tensile failure of various wall clements.

Fig. 2.

For Cantilever Wall :

Cantilever walls are subject to éro.m
gravity walls, and also to flexural ?:E.
Soil _umomm:_.om and bending Boacbweﬂ:w
the geometry, stiffness, m:m.m:mmr M o
If the bending moments ncaESa. or cq orium
treneth of the wall, flexural ?:E..o may . .: o helovelof
wﬁﬁrsm sng..&mcnﬁm:a\ of the wall itself may influence

om.,

deformation ﬁaomccom by {lexural failure.

ame failure mechanisms as

¢ mechanisms.

cantilever walls depend on
the wall-soil system.
brium exceed the flexural

Fig. 3.

e e S 57 45
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S
For Braced Walla olved Paper (2020-21)

i. Braced walls usually faj) by gross ingt

i mﬂ%mmmm.ﬂ:qm o% bracing elements ability, tilting, flexural failure
ii. olbraced walls typically iy, .
L picall
which the brace acts on the swmsé_ém Fotation about the pojn o
a

cases of basement i i

6. For Anchored ﬁm__ﬂ_mmww_vﬂsmi walls s o
vm:a.:mﬁo: may tilt by “kickin no om..
nmd_:_mﬁwn walls, anchored S&w n
point of failure (maximum vmz&m o
Preventive Measures : iy
measures ;

1. Redeem Surface Drainage Prob]
water at the back face of the wall %Em
md.._l,mom or constructing small S:Smwn .
direct it away from backfjl] al e
another mitigation strategy.

2. Reduce Retaining Wall Hej
; eight : Decreasi i .
by Suﬁm%sm _omn_....mz earth surface, gmwﬁm&ﬂmﬂ.w owar *.EWE
pressing down drainage culvert at the wall back f; pe changing or

. e . ace.
8. Extend Footing : Footing toe extension decrease soil bearing

pressure significantly. The soil ;
after the required amount of _MMMQMMMW@ EM& o
footin 1db g Sion Is determined and the

4 T hm QW_ e depending for a key if required.

. S_mﬁ_w ) e Back : It can be used as mitigation method for situation
o H“ r.w mmﬂo%m_m mwmozm_m extremely overstressed. Holes are drilled

< of the wall and tie back is i
backfil failure plane is installed that exceeds the

6. Remove and N.c%—:oc Baclkfill Materials : This solution is employed
M.roﬂ E_MEE soil s mmggm& and cannot be mitigated from the surface

ushrockisa .&9.8 that might be used to replace backfill carth and well-
functioning of drainage at wall base should be assured.

6. AddaKey: Uo.cv.o:an_ koy provision in front of the existing footing
may solve retaining wall sliding problems and increase passive
resistance,

7. chm.r it Back to Plump : This method is not advised but it is
feasible to carry out when the wall lean out is around 2.5 cm or
5 cm. Tho likelihood of exccuting this technique successfully related
to certain conditions for example backfill material has not been
placed, retaining wall height and with the above fixes.

8. Uso Cantilovored Soldier Beam : Soldier beams are in the hole
that aro drilled on tho footing heol and tied to the wall to transfor
loads. The beams are spaced at specified distanco along the horizontal
span of the wall.

b. A5 m high rigid rotaining wall has
tho following proporties ¢
G =2.08, p = 0.36, ¢ = 0.74 and $ = 30°

fail in flexyr

' 1lexure, although th
e oment) is likely to be &%MS:M
ng are the common Emé::co.

:To Prevent accumulating
-mam&:m backfill materia]
ulvert to divert water an
S0 number of weep holes might vm

to rotain tho soil having
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technical Msﬁsmoism
i teral earth pressure for the wall,

3 thrust
. d point of resultant "
. : magnitude an 5 .
ii. dmnmaiow Mwmﬁonoobnwmm change in lateral ﬁﬂ-:m_w _m Mws
iii. Oogwﬁwﬂ Jo rises from agreat depth to the top of the backfill,
water

i. Plot the distribution of la

Ans: : _5m,G=2.68 1=036e= 0.74, § = 30°
Given : Height o*..mewwu MM d point of resultant thrust, Percentage
To Find : M\Wmﬂwwﬁn -nd plot the distribution of lateral pressure,
owmbmmam

1. Saturated unit weight,

mi- w.mfo.ﬁuxw.ﬁ us.mmmwz\sw
f,uT: Tw™ {7 140.74

jent of earth pressure,
ot 1—sing 1-sin30° _
T —_ - =

1
o= T+sin¢ 1+sin30° 3
0

1}

L 0
P, = Wn.,\m. = W X H@.Mww_ X

b yH= Lx19.282x5 = 32,1367 KN/m®
a w o

3. Attop,

"

4. Atbottom, D,

L -2 67 x5 = 80.342 KN/m
5. Lateral thrust, = oX p,xH= 5 x 32.1367 x
Point of Application:
Ll = 5 (from base)
3 3
0
P
%M
32.1367 kN/m?
Fig. 4.

6. When water tableis at top:
Submerge unit weight, ,
Y = Yo~V = 19.282-9.81 = 9.472 kN/m’

1 3
Py = ki H=2x9.4T2x5 = 648367 KN/m

Lateral thrust, P= w wp, % H u.w < 64.8367 x5 =162.09167 KN/m

Atbottom,

162.09167 —80.342 _ ;0= 101.75%
80.342

7. Percentage change in thrust=

©0O

Geo

technical Engineering

MCQ-1A (CE-Sem.5)

Cl1 v e O:mg and
UNIT Wmmnﬁmamﬁoﬁ of Soil
(Multiple Chojce Questions)
1. Th i i f soil i )
i H..,omco%%nnﬂwvmhﬂnm of soil is M.oﬂ.“ﬂ“ﬂbnw the design of
C. Earth dam

: D. Ropeway
Explanation : Refer Q. 1.1, Page 1-2A, Unit-1.

w2

Residual soils are formed by :
Weathering of rocks, acted upon by
Weathering of rocks, not acted upon
Which statement is true ?
Statement (a) B. Statement (b)
Both statements (a) and (b)

None of the above

Explanation : Refer Q. 1.2, Page 1-24A, Unit-1.

the forces of transportation.
by the forces of transportation.

o

vop

w..EEmowméﬁnrﬁ.ma.mumwonmmwwﬁwmguﬁmamaﬁmam&u&”
i. Alluvial soils ii. Aeolian soils
iii. Marine soils iv. Lacustrine soils

Explanation : Refer Q. 1.3, Page 1-34, Unit-1.

4. Lacustrine soils are connected with :

i. Lakes ii. Glaciers

ili. Wind iv. Oceans
Explanation : Refer Q. 1.3, Page 1-3A, Unit-1.

5. The soils which are transported by the wind are called :
i. Aeolian soils ii. - Alluvial soils
ili, Marine soils iv. Lacustrine soil
Explanation : Refer Q. 1.3, Page 1-34, Unit-1.

6. Which one of the following soils is formed .E wind :
i. Talus ii. Loess
iii. Drift iv. Marl .
Explanation : Refer Q. 1.3, Page 1-34, Unit

e moving ice is called :

1.

The soils which is transported by th a
Residual soil B. m_wmwﬂ_ mmow__
Marine soil D. Aeoll 1
Explanation : Refer Q. 1.3, Page 1-3A, Uni

ap=
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8.
A.
Cc

9.

A
C

10. 1f the voids ofa s0
A. Air entrained soil
C. Dry soil D.

1

MCQ-2A (CE-Scm-5)

Multiple Choice Questiong

_

e called :
B. Loess

D. None of the m?.Zo
r Q. 1.3, Page 1-3A, Unit-1.

Gravity deposited soils ar

Drift
Talus
Explanation : Refe
When the voids of a soil mass are filled with water only, the soj]
is known as : .
. Partially saturated soil
. Dry soil
Explanation : Refer Q. 1.6,

B. Saturated soil
D. None of the above
Page 144, Unit-1.

i1 mass are full of air only, the soil is termed as ;
B. Partially saturated soil
Saturated soil

Explanation : Refer Q. 1.6, Page 14A, Unit-1.

1. Which condition of the soil Fig. 1 shows :

A. Actual soil mass

B. Soil mass by three phase condition

C. Dry soil D. Saturated soil
Explanation : Refer Q. 1.6, Page 1-4A, Unit-1.

12. The ratio of volume of voids to volume of soil solid is called :
A. Void ratio B. Porosity
C. Degree of saturation D. Water content

Explanation : Refer Q. 1.7, Page 1-5A, Unit-1.

13. The ratio of volume of voids to the total volume of the soil mass
is called :

A. Air content B. Porosity

C. Void ratio D. All of the above
Explanation : Refer Q. 1.7, Page 1-5A, Unit-1.

14. The ratio of the volume of water present in a given soil mass to
the total volume voids, is known as :

A. Void ratio B. Porosity

C. Degree of saturation D. Percentage voids
Explanation : Refer Q. 1.7, Page 1-5A, Unit-1.

15. ..<m=m range for the degree of saturation of soil(s), in percentag®
is :

Geotec

A.
C.

16.

21.

22,

or

hnical Engineering

MCQ-3A (CE-Sem

S>0 B. S<0 -5)
0<.S <100 D. o =
4 M m i
Explanation : Refer Q. 1.7, E.WMMH%% Uni
o4, 5:\“..

What is the ratio of volume o
voids in the soil mass ?
Air content B. P ,

: . Po
Void ratio D. H.,.QMMMMW
Explanation : Refer Q. 1.7, Page 1

f air voidg to the volume of total

age air voids
=54, Unit-1,
The water content in the soil ig -

Ratio of volume of water to volume of soj]

Ratio of volume of water to volyme of Mo~.mm
wwﬂ.o of weight of water to volume of moomm .
Ratio of ,.ammmrw of water to weight on. li
Explanation : Refer Q. 1.7, Page 1-54 dwm«.%m.

Water content of soil can -

Take values only from 0 % to 100 %
Be less than 0 %

Never be greater than 100 %
Be greater than 100 %
Explanation : Refer Q. 1.7, Page 1-5A, Unit-1

The relationship between void ratio ‘¢’ and porosity

‘n’is :
e
n= _1l+n
1 Bt
l+e
n= -
1—e D.e=n(l+e)

Explanation : Refer Q. 1.8, Page 1-7A, Unit-1.

The relation between e, S, w, and G is given by :

mﬂlum W Qm
W= —

S S
G= 22 D. 5= &
S G

Explanation : Refer Q. 1.8, Page 1-7A, Unit-1.

The relationship between air content of soil and its degree of
saturation S is expressed as :

a,=1+8 B. g =5-1

a=1-8 D. None of these

Explanation : Refer Q. 1.8, Page 1-7A, Unit-1.

If void ratio is 0.7, water content is 0.188 and specific gravity is
2.68, then degree of saturation of soil is

25 % B. 40 %

75 % D. 60 %
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e 1-74, Unit-1,
E 6—55305 : Refer Q. 1.8, Page 1 ni
N
f the following method is nﬂwww accurato §
‘o 0 ms
._“mo».mov of the water oosnowﬁdoMrwoh.ﬁ;ca
mo»mds.w—.v ing method B. Sand ba
Oven ying
Mru. Calcium carbide method
D. Pycnometer method Q
.m.MEwﬁnﬁou : Refer Q.

3. Which a

1.9, Page 1-10A, Unit-1.

24. An octahedral unit has @
A. Four negative charges
C. One negative charge

Explanation : Refer

B. Three negative charges
D. No negative charge
Q. 1.20, Page 1-20A, Unit-1,

Multiple Choico Qsomsg
8

or the

icity of minerals in soil in an increasin
ence of plastict g
95. The correct seqy

Al mqmm““m H.wwo:nwnm. 1llite, Montmorillonite

illi i tmorillonite
Taolinite, Sillica, Tllite, 7?.5 ! .
M. ermﬂwu ,Wwo:ﬁ#a« Zouaﬁojwﬂcs_.wm, E%m
U. Wmo:u,,#m, Silica, Montmorillonite, Tllite A Unita
. Explanation : Refer Q. 1.21, Page 1-21A, Unit-1.

96. The predominant mineral responsible for shrinkage and
" in black cotton soil is :

i B.. Kaolinite
m. wwww D. Montmorillonite

Explanation : Refer Q. 1.21, Page 1-21A, Unit-1.

97. Consider the following clay B.Emnﬂm “4_
Kaolinite, (2) Illite, (3) Montomorillonit2
@ éﬂw% one of the following is the correct sequence of the

swelling

minerals

: - ..¢
given above in the increasing order of their grain size :

A 3-2-1 B. 1-3-2
C. 1-2-3 D.3-1-2 )
Explanation : Refer Q. 1.21, Page 1-21A, Unit-1.

p . : 1ysis is
98. As per IS classification of particle sizes, the sieve MMWcm._ou o
performed on a soil to determine the particle size dis

particles in the range of :
A 0.075 mm and above B. 0.075 mm and below
C. between 4.75 mm to 0.075 mm
D. 4.75 mm and above

Explanation : Refer Q. 1.23, Page 1-244, Unit-1.

29. The sedimentation analysis is performed on a soil t0
the particle size distribution of particles in the range

A. Silt size range only B. Both silt and clay 5%

C. Sand size only D. both sand and silt siz¢ r
Explanation : Refer Q. 1.24, Page 1-25A, Unit-1.

o B

3 c.w.«mﬂ. o

Qoognranm_ Engineering

e ————— Mcqsa
30. Stoke’s law is valid for sl

A.
C.

31.

A.

B.

C.

D.

32.
A.
B.

C.
D.

33.
1.

2.

A,
C.

34.

DD

Sem-5)

arti e T
Less than 0.0002 mm Particles falling in Size range of .

Groater than 0.2 oo w Mmﬂwﬁﬂa 0.2 mm 00,9909 mm
Explanation : Refer Q. 1.24, Page HMNM_MEM*E:

In w%mnon..mﬁm—. analysis for . B
WMM”m“mgmncm correction and &mnmnmmam agent correction are
comteetion i subtraetise" 214" 414 dispersing age
WM_MW “M“M..o:m correction and dispersing agent correction are

Meniscus correction is subtra
is additive.

a soil mass ;

ctive and &mvmumwbm agent correction
Explanation : Refer Q. 1.25, Page 1264, Unit-1

Choose the incorrect pair :
Effective diameter of grain — D
Uniformity coefficient — Umo:uu“c

Coefficient of curvature - p2 /(Dyy x Dgy)

Coefficient of permeability - .Umo
Explanation : Refer Q. 1.27, Page 1-27A, Unit-1.

Consider the following :

The gain in strength of the soil with passage of time after it has
been remoulded is called thixotropy.

It is mainly due to a gradual reorientation of molecules of water
in the adsorbed water layer and due to reestablishment of chemical
equilibrium.-

Which of these statements are correct ?

Only 1 B. Only 2

Both 1 and 2 D. None of these

Explanation : Refer Q. 1.29, Page 1-29A, Unit-1.

Consider the following statements regarding the compressibility
of silt and clays.

Low compressibility if liquid limit is less than 35. )
Medium compressibility if liquid limit is greater than 33 and less
than 50,

High compressibility if liquid is greater than 50.

Which of these statements are correct ?

1 and 2 are correct B. 2 and 3 are correct

1 and 3 are correct D. 1,2 and 3 are correct
Explanation : Refer Q. 1.30, Page 1-304, Unit-1.

+ s tage
The liquidity index is defined as a ratio expressed as percentag
of : ; icity index
Plastic limit minus the natural water content to its plasticity

www.civilguru.net
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Multiple Choice Quostigy,

~——

w.Zb?:.:—ﬂ.:»o-.oo:»o:».s*s:m mpmﬁ—nm»mo::..:pc:z -.—E:._c:v.
index . o . B

C. Natural water content plus its plastic limit to its plasticity indoy

D. Liquid limit minus the natural water content to the c::*:n:w
index . .
Explanation : Refer Q. 1.30, Page 1-30A, Unit-1.

36. The water content of a soil which represents the boundary _uo?\aa:

A
C.

317.
Al

38.

apy

39.

plastic state and liquid state is wsﬂwﬁ:‘w as :

Liquid limit B. Enmr.o.ra.;a
Shrinkage limit D. Plasticity index
Explanation : Refer Q. 1.30, Page 1-30A, Unit-1.

Liquidity index of a soil is given by :

- -w
w -w, B. 4
w, - w, wy — Wy
- w; —w
w; — Wy D. 1 n
w lE.n w ISh

Explanation : Refer Q. 1.31 Page 1-31A, Unit-1.

The liquid limit and plastic limit of a cohesive soil are determined
in laboratory as 64 % and 34 % respectively. The plasticity index
of the soil will be :

10 % B. 30%

30 % D. 40 %

Explanation : Refer Q. 1.31, Page 1-31A, Unit-1.

Match List I with List IT and select the correct answer using to
codes given below : i

List I (Soil) List II (Grain size)

Clay (1) 2.00 to 4.75 mm

Coarse sand (2) 0.002 to 0.075 mm

Fine sand (3) 0.075 to 0.425 mm
Silt (4) Less than 0.002 mm
Codes : (a) (b) (c) (d)

1 3 4 2

2 1 3 4

4 1 3 2

3 1 2 4

Explanation : Refer Q. 1.34, Page 1-33A, Unit-1.

What is grain size of cobble soil particle ?

20 mm to 300 mm B. 4.75 mm to 20 mm
4.75 mm to 80 mm D. 80 mm to 300 mm
Explanation : Refer Q. 1.34, Page 1-33A, Unit-1.

©O©

it (Mult; Soil Hydrayljeg

1ple Choice Questiong)
1. Effecti t —
A. mmmmommmmm MMMMmme be defined ag -

Uaow

O o =B pw

= Total stregg _
Effective stress = eas

Effective stress =
Effective stress =

pore water Pressure
€ water pressure

If the water table rises u
Effective stress is red
pressure, but total stress does not change.

Effective stress is reduced du i

water pressure does not nrmMMM.monmmo 2 total teess bt pore
Total stress is increased due to decrease in pore water pressure
but effective stress does not change. .
Total stress is reduced due to increase in pore water pressure but
effective stress does not change.

Explanation : Refer Q. 2.1, Page 2-124, Unit-2.

P the ground surface, then the -
uced due to increase in pore water

The total and effective stress at a depth of 8 m below the water
surface line in a swimming pool, are respective given as :

78.5 kN/m? and zero

Zero and zero

78.56 kN/m? and 78.5 kN/m?

None of the above.

Explanation : Refer Q. 2.2, Page 2-24, Unit-2.

The Darcy’s law states as :

v = kA B. v=Fk@Q

v = kh D. v=ki .
Explanation : Refer Q. 2.7, Page 2-8A, Unit-2.

Darcy’s law is valid only if the flow is :
Turbulent B. nga_:ﬂun
Laminar D. None of these .
Explanation : Refer Q. 2.7, Page 2-84, Unit-2

2 ) is applicable
The maximum size of particle for which Darcy's law m ppP

is:
0.2 mm
1.0 mm

B. 0.5 mm
D. 2-0 mm
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- —

Multiple Choice Questjq,
T “Sliong
> ¢ .y T

mvd;sn:o! : Refer Q. 9.7, Page 2-8A, Unit-2.

%. The law used in permenbility test is?

A. Stoke's law B. Pascal's law

C. Darcy's law D. Newton's law )
Explanation : Refer Q. 2.7. Page 2-8A, Unit-2.

S. The propert¥ of soil by virtue of which water can flow through ite
interconnecting voids is known as :

A. Porosity B. Void ratio

C. Mmmﬁwm.m D. Permeability

Explanation : Refer Q. 2.8, Page 2-94, Unit-2.

is best determined by using :

B. Constant head permeameter
D. None of these

Q. 2.8, Page 2-9A, Unit-1.

9. The permeability of clayey soil

A. Falling head ﬁnﬂaowgmnmn

C. Oedometer
Explanation : Refer

10. In a falling head wmanm,cE@ test on a soil. The time taken for
the head to fall from hg to By is ¢’. The test is repeated with same
initial head h, the final head A’ is noted in time £/2, which one of

the following equations gives the relation between h', by and A, ?

A R =hyh, B. b= Jh! M

C. h' =hyh, D. h'= .\F_F
Explanation : Refer Q. 2.8, Page 2-9A, Unit-2.

11. Consider the following statements regarding the coefficient of
the permeability of soil :
1. For course-grained soil, the constant head permeability test is
performed.
2. For fine grained soil, the falling head permeability test is performed
of these statements :
A. 1 alone is correct B. 2 alone is correct
C. 1 and 2 both correct D. 1 correct and 2 incorrect
Explanation : Refer Q. 2.8, Page 9-9A, Unit-2.

12. What is the unit of permeability ?

A. cm, B. cm?

C. mm/sec D. None of these
Explanation : Refer Q. 2.9, Page 9-11A, Unit-2.

13. The average coefficient of permeability in natural stratified deposits
parallel to stratification is : .

A. Always more than that perpendicular to gtratificatio™

B. Always less than that perpendicular to stratification.

C. Always the same as in perpendicular to stratification.

D. Sometimes more and sometime less than that in perpen
direction depending upon the soil type.
Explanation : Refer Q. 2.10, Page 9_12A, Unit-2.

dicular

Geotechnical Engincering

14. If kyy and k, are the

isotropic soil, i Permeabjl; ;.wws-mv
80il, , i ~ )
then th » 1 horizonty ity of 4 homa,
e equivalent, jsoppe o0 Yertical dj enequs by
30tropic ﬂ_mwaewr.._. directioy, ?..Manrn non
A. \~: k o Wity shafy be pective]y,
’ B. S: Braen by,
,K.f
c. [k -
\ml D. mm: b
”

Explanation : Refer Q. 2.10, page 5
. Y e ¥ .
15. If there is flow from a soil of 124, Caitg

0, and 0,, which the flow } Permeability 4

to that .
are related as : ne makes with nwahwﬂ wf ine angle
A, Sind K ‘e interface
ME Qn - Ww w WM-" I&NF
c c0s 0, uw oot : K
© cosB, & D. m%u.ml

xplanation : Refer Q. 2.11, Page 2-13A, Unit-2

16. An overall value
of the coefficient of ili
A m:. a large area in the field may %m meammgrﬁ i el degory
w. <ou.mﬂmbﬂ head permeability test o b
O. Hu”EmEm head permeability test
. mping out test D. None
] . of these
Explanation : Refer Q. 2.13, Page 2-15A, Unit-2.

HM. .E._m permeability of a given soil is
Hw. W.”Hmnsw proportional to the average grain size
O. uu.,\mnmmu« proportional to the average grain size
. Direc i
ek y proportional to the square of the average grain
D. Inversely muovcaﬂcn& to the square of the average grain size
Explanation : Refer Q. 2.14, Page 2-194, Unit-2.

18. Physical quality which affects permeability is/are

A. Only unit weight B. Degree of saturation

C. Only viscosity D. Both viscosity and unit weight
Explanation : Refer Q. 2.14, Page 9-19A, Unit-2.

19. Consider the following statements :

(1) Viscosity decreases the permeability of soil.

(2) Entrapped air decreases the permeability of seil.
Which of these statements is/are correct ?

4. 1 atly B. 2 only
D. None of the above
Unit-2.

C. Both 1 and 2
Explanation : Refer Q. 9,14, Page 2-195.

A. Increase with an increase?

B. Increase with a decrease in t
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(CE-Sem-b)

MCQ-10A

I ater
aso in unit EQm_; of water.
C. Increase W . in void ratio-

. asc 1m .
p. Decrease with an inere 2-19A, Unit-2.

Explanation Refer Q. .
ements about the propertics of flownets -
uipotential lines.

1 lines start from the same

. S following stat
91. Consider the m%%%nag. to eq

Jow lines are P : ;
w_ ﬂo two flow lines OT opﬁvoﬂo:?w

oint.
3. w:” two flow lines Sdmmn ommu: M»WMM.MW are correct
. orTeC . -
Y M. Nuww@ww%m.%qﬁms D. 1and 3 are nemmo.ﬂ 9
¢ mmu?m_mzou . Refer Q. 2.15, Page 2-204, UnIt-4.
um soil, the chape of flow fields :
B. Rectangular
D. _H_uwdmNoEE

Refer Q. 215, Page 2-20A, Unit-2.

99. For jsotropic medi

A. Circular

C. Square
Explanation

out the characteristic of flownet :

owing statement ab ; )
ential lines is always same and

93, Consider the foll .
1. Loss of head between tWo equipot

is termed as mnﬁ.ioamuﬁmw drop.
the flow lines is known as flow channel and

9. The area between b . x i
isch: through each flow € annel 1 e.
Oy b 3% 1 B. Only 2 is correct

A. Only 1is correct . .
C. Both 1 and 2 are correct D. Neither 1 or nor 2 is correct

Explanation : Refer Q. 2.15, Page 92-20A, Unit-2.

94. A flow net is drawn to obtain :

A. Seepage, coefficient of permeability and uplift pressure.

B. Exit gradient, uplift pressure and seepage quantity.

C. Coefficient of permeability, uplift pressure and exit gradient.

D. Exit gradient, seepage and coefficient of permeability.
Explanation : Refer Q. 2.18, Page 2-21A, Unit-2. -~

95. The total discharge per unit time through a flow net is given by !

N

Pnuwmlm w.@ulwlmm
N, H N,

C.g= e . g= 2 Ns
N, HN,

Explanation : Refer Q. 2.17, Page 2-214, Unit-2.

26. If the flownet of a coffer dam foundation had six numbers of flov
channels and sixteen numbers of equipotential drops, with the
”mwa of MmﬁM« lost mﬁw:m seepage being 6 m through the foundation

aving k = 4 x 10-5 m/min. The seepage loss (in m?/day) per ™%
A _mmﬂmg of the dam will be page loss (in '/ e
. 216 x10-3 B
. 6. -3
C. 12.96 x 10~ 2 U . NNWNXXHw.Ol 2
Explanation : Refer Q. 2.17, Page 2-21A, Unit-2.

(ieotechnical Engineering

. MCq-1

97. What ._m\mnm the assumption H>5m.mm5.$
equation ? $ made for der;

A. ew.m ﬁos is two dimensional

B. Soil is isotropic and homg

C. The flow is steady and in oous

D. All of the above €

Expl ion :
xplanation : Refer Q, 2.18, Page 2-22A, Unj
28, Which of the followi i o
Which o Wing constitutes the limitationg of D
. - Q lw
W. An mn:&o.n 1s not fully homogene o
. Permeability may not be uniform o

C. The equilibrium conditi
" .
D. All of the above It1ons might have not fully reached

Expl ion :
xplanation : Refer Q. 2.19, Page 2-24A, Unit.2
29. Which of t ing i . N
9. Which o WWWNHWH.HMM mm m are mmmﬁnmnoimv of Dupuit’s theory ?
B. The coefficient of vmemmMmMM.m o vl .

C. Flow towards the : ¥y Temains constant th
w . . roug.
D. All of the above ell is radial and horizontal. Bhout.

Explanation : Refer Q. 2.19, Page 2-24A, Unit-2
30. Quick sand is “ .
Mr W&Gm of sand
+ A condition in which a cohesi i
because of upward »._080 Mmqu_mommmm A

C. A condition in whi
iti ch a cohesive soil 1 i
D. m condition which may occur in mww mwww D
xplanation : Refer Q. 2.21, Page 2-264, Unit-2.

ving the Lapalace

mpressible

31. i
A deposit of fine sand has a void ratio e and specific gravity of soil

solid is G. The hyd i i
. ydraulic dien h i 1
condition of s e mmu.m , ent of the deposit to develop boiling

A i =(G-1D-e B. i=(G-D(l+e)
C. maHQIH U.u.uﬁlu.
1-e € 1+e

Explanation : Refer Q. 2.21, Page 2-26A, Unit-2.

32. MM. upward hydraulic gradient ‘¢’ of a certain magnitude will initiate
e @voswamaon of boiling in granular soils. The magnitude of
i n:_m.mam%oﬁ is
O. @M_Ao.m B. 05<i<10
- =10 D. 1<i<2
Explanation : Refer Q. 2.21, Page 2-264, Unit-2.

83. A strata of 3.5 m thick fine sand had void ratio of 0.7 and G of 2.7.
For a quick sand condition to develop in these strata the water
A flowing in upward direction would require a head of
o L B. 5.56 m
+ 5m D. 35m
Explanation : Refor Q. 2.21, Page 2-264, Unit-2.
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Mutitiple Choice Questiong

34. The hydraulic gradient at which quick sand condition occurs is
b el o B. Piping gradient

A. Critical gradient . Pipi

C. Floating gradient D. All of the above
Explanation : Refer Q. 2.21, Page 2-26A, Unit-2.

35. The capillary pressure in momm causes :

A. Apparent cohesive strength in clayey soils

B. Bulking of sand ) )

C. Increased intergranular stress in the soil mass

D. All of the above .
Explanation : Refer Q. 2.22, Page 2-27A, Unit-2.

36. Consider the following : o )
1. Capillary height depends upon the grain size and size of pores.
2. 1In course grained soils the capillary rise 1s very small as compare
to find grained soil. .
A. Only 1 is correct B. Only 2 is correct
C. Both 1 and 2 are correct D. None of Eo above
Explanation : Refer Q. 9.22, Page 2-27A, Unit-2.

37. The stress which is responsible for retaining water in a capillary
tube above the free water surface of the water body in which the
capillary tube inserted is called the,

A. Capillary compression B. Capillary tension
C. Capillary pore pressure D. None of the above
Explanation : Refer Q. 2.22, Page 2-27A, Unit-2.

38. Piping in soil occurs when
A. The soil is highly porous
B. Sudden change in permeability occurs
C. Effective pressure becomes zero
D. The soil is highly stratified
Explanation : Refer Q. 2.23, Page 2-27A, Unit-2.

39. The length of the path of percolation can be increased by,

A. Increasing the base width of the hydraulic structure.

B. Providing vertical cut off walls below the hydraulic structures.
C. Providing an upstream impervious blanket.

D. All of the above.

Explanation : Refer Q. 2.23, Page 2-27A, Unit-2.

40. Consider the following inequalities regarding the filters providing

in a dam.
(D) (D) (D,.) (D..)

1, 8% 4.5 2 —2Lsg-5 3 —BLego 4. —2L<25
ﬂbmmvm Ab_w.vb ﬁbqavm Abmcvm

A. 1 alone is correct B. 2 and 3 are correct
C. 1, 2 and 4 are correct D. 3 and 4 are correct
Explanation : Refer Q. 2.25, Page 2-29A, Unit-2.

©e0

S T Aa

Geotechnical Engineering
_SO@wa. Aom.mmE.B
) %%M Oon%moﬂob
e onsolidat;
ot olidation

1ple Chojce Questiong)

o

vowp

Qpo

The process by which the so;

: so0il particles artifici

into a closer mww»m.om contact by anw»in%maﬁ_w réarranged
decrease the porosity, is known as — mieans in order to
Consolidation

Settlement
Explanation : Refer Q.

B. Compaction
D. None of the above
3.1, Page 3-2A, Unit-3,

By means of compaction the followin
Mass density B. Shear strength

Stability ) D. All of the above
Explanation : Refer Q. 3.1, Page 3-24A, Unit-3

g Properties of the soil increase,

mozooEvmnSmec:goﬁ.
nEEEmma
ottt ompared to that wet of the
Has less permeability B. Swell less

Shrinks H.mmm D. Has less resistance to compression
Explanation : Refer Q. 3.1, Page 3-2A, Unit-3.

m,ou. cohesive soil with increasing compactive effort the optimum
moisture content is

Increase B. Decrease

Remain constant D. Zero

Explanation : Refer Q. 3.2, Page 3-3A, Unit-3.

In a compaction test if the compacting effort is increased it will
result in

Increase in maximum dry density and OMC.

Increase in maximum dry density but one remains s:.nrmum&.
Increase in maximum dry density and decrease in I
No change in maximum dry density but decrease in OMC:
Explanation : Refer Q. 3.2, Page 3-24, Unit-3.

Pneumatic tyred rollers are useful .wcn_ ooB%oﬂmum
Cohesive soils B. Cohesioniess

Both (A) and (B) D. For soil in mmo%w& space
Explanation : Refer Q. 3.3, Page 3, B

Vibratory roller is best guited for compacting
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Multiple Choice Questiong

List

A. Coarse sand and gravels

Silts

Clays

Organic soils

Explanation : Refer Q. 3.3, Page 3-3A, Unit-3.

gow

8. Match List I with List IT

a. Cohesive soil 1. Sheep foot roller

b. Moderately cohesive soil 2. Vibratory roller

c. Cohesionless soil 3. Pneumatic tyred roller
d. Crushed stone 4. Smooth wheeled roller
A 1,3,2,4 B. 1,2,3,4

C. 1,4,3,2 D. 1,3,4,2

Explanation : Refer Q. 3.3, Page 3-3A, Unit-3.
9. Match List I with List IT

List I List IT
a. Sheep foot roller 1. Core of earthen dam
b. Smooth wheeled roller 2. Dry sand
¢. Pneumatic roller 3. Casing of earthen dam
d. Vibratory roller 4. Graved in WBM.
A 3,42,1 B. 1,4,3,2
C. 1,3,4,2 D. 2,1,8,4

Explanation : Refer Q. 3.3, Page 3-3A, Unit-3.

10. The basic action involved in sheep foot rolling is :

A. Kneading B. Pressing

C. Tamping D. Vibration
Explanation : Refer Q. 3.3, Page 3-3A, Unit-3.

11. The optimum moisture content of soil is obtained from a plot of

A. Water content versus compacted unit weight
B. Dry unit weight versus water content
C. Time versus compression
D. Effective stress versus void ratio
Explanation : Refer Q. 3.4, Page 3-5A, Unit-3.

12. Field control of compaction can be achieved by :
A. Proctor needle method
B. Core cutter method
C. Sand replacement method
D. All of the above
Explanation : Refer Q. 3.4, Page 3-5A, Unit-3.

13. The field compaction control consist of the determination of :
A. The water content at which the soil has been compacted

B. The dry density achieved
C. Both A and B D. None of these
Explanation : Refer Q. 3.4, Page 3—4A, Unit-3.

I (Types of soil formation) List II (Types of compaction)

R

ay

16.

ap

17.

20.
1.

) ¢
respectively and the Number op 7. ™M) Ewm Weight of
P Q R o layer (g, 59.55 of
5.89, 550, 50 S Ulreq are,
4.89, 550, o5 3
3.60, 310, g5 O
2495, 3048, 25 &

Explanation : Refer Q. 35, p,, 3-64, U
» Unit-3

test is about ndard p 3 difieq
10.0 —_ " . . Toctor’s Compactiop
WWENHNSOH : 0 H”m
: Refer Q. 3.5, Page 3-BA, Un:
» Unit-3

The line of optimums
voids of about

0%

o B. 5%

. D. 100 %
Explanation : Refer Q. 3.5, wmmmgmug Unit-3
» Unit-3.

The maximum dry density is given by

gener N=v ncnwmmﬁobhwm to ﬁm:umbﬁamm arr

=Y
L 1-w B. fumu’g
Ye = ¥(1 - w) D. v;=v(1 +w)

Explanation : Refer Q. 3.5, Page 3-6A, Unit-3.

Standard Proctor’s test is conducted with th i :
To know the optimum moisture neﬂm“ﬂﬁuﬁﬁ%ﬁ%ﬁ
dry density of soil.

To know the long term settlement of embankments.

To know the shear strength of soil.

To know the CBR value of subgrade soil.

Explanation : Refer Q. 3.5, Page 3-6A, Unit-3.

Workout the theoretical maximum dry density for a soil sample
having OMC 10 % and bulk unit is equal to 22 kN/m®

20 kN/m3 B. 23.2 kN/m®

22.0 kN/m3 D. 21 kN/m3 )
Explanation : Refer Q. 3.6, Page 3-7A, Unit-3.

Consider the following : o
The degree of compaction for sand is g€

n by relative density. It

—-é
expressed as : [}, = o T

€max ~ Cmin
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P

2. Relative compaction in giv

Al

1

is correct

B. 2is correct

C.
D.

21.

Al

C.
D.

Both 1 and 2 are
Neither 1 nor 2 is correcl

Explanation :

Reduction of
Compression

Compression and expulsio

)

en by, -~
Y diman)

nDu\-nQOP

Refer Q. 3.8, Page

coils volume can occur due to @

of solid particles and water in U
n of air in the void

Expulsion of water in voids.

All of the abhove
Explanation : Re

Consolidat

External sta

Gelf weight of the goil suc
Lowing the water table
All of the above

23

A

24.

A. Compressibility

Explanatio

The expulsion of water from the

ure 1%

Compaction

Shrinkage

fer Q. 3.9, Page

jon can occur due to

tic loads from the structure
and desiccation

n : Refe

known a8 :

Explanation @ Refer Q. 3.10, Page 3-10A,

The propert

v of soil mass pertaining to its sus

in volume under presgure is known as @

. Shrinkage

25.

I

J.

Explanation :

Zeduction

B. Expansion

D. Compactibility

Refer Q. 3.10, Page 3-10A,

in volume of soil primarily due to squeezin

water from the voids is called ¢
A. Primary consolidation
B. Plastic flow
. Creep

Seeondary

consolidation

Explanation : Refer Q. 3.11, Page 3-12A

96. Consider the following :

1.

Initial con

solidation

2. Primary consolidation
3. Seeondary consolidation

4.

Final cons

The three stages which would be relevant to

#oil depos

solidation

it include ;

r Q. 3.10, Page 3-10A, Unit-3.

B. Consolidation
D. Nonc of the above

Multiple Choice Quentipnyg

3-9A, Unit-3.

he voids,
8.

3-10A, Unit-3.

h as recently placed fills.

pores of the soil due fo steady

Unit-3.

ceptibility to decrease

Unit-3.

g out of

, Unit-3.

congolidation of 8

D

£V 27
38
a,...e::\._::a:_ fngincering
— T T T T T e
A. 1,2and 3 T Mc
¢, 1,3 uand 4 5, 9 9 l‘il,!wm,‘_.?fa.w
Explanation ; | D. H. o and 4 /.l.!./\hm...gau_
¢ Refer Q. .11 .um and 4 ~———
. » YAy o
97, Assumption my , S 124 11
“ & £ s Unis s
A. The soil is hom ©in the Terzaghp ity
B. Coefficient of O8eneoun ang \“ 8 Conagli.
C U::.:un“ l;c permeahility i, ully Fatursgy, tinn 4y,
s g 4 4 & s 200y s
D, All of of water oceyry Q.E.Aman d 7 is
; : % the above only in gne ”
Cxplanati . ° Olrecyg
planation : Refer . 3,19 p, o
28. The relation he » PAge 5-19a U
- ctween e . » Unit.p
of volume a:&ﬁhc« en cocfficien of o 3
_u.w\ - m,, and coeffie; \—...wo_mmmn?
IClent a».vv ] atzﬁ coetr;
meability g oot
A C, = k T b 15 givey,
MY B. Qe = gﬁ
1
C. Q..\ = .I\l-.:l “
\wsc D, Qe - my

2

\m. m:acw-gnma:mmgm
- Normally consolidated

Explanation : Refer Q. 3.12, p
-12, Page

9. A soil which has ney
mrm: the existing
is called :

Explanation : Refer Q

answer using the codes -

k
3-124, Unitg,

er been gubj
jecte
pressure and which “3 an effective gireyy greate,
eater

also completely conssidateq

B.

. M<mn consolidated

: H one of the above
.14, Page 3-15A, Unit-a,

30. Match lig rm
¢ I
I (term) with ligt ] (Definition) and select the
correct

8. N
| ©- O " List I 3
» . - List'IT
o Compression index, ¢ J1
' o~ : L, a +¢e
oefficient of voluem change,m | g q
. » M, | Slope of e-log G curve given
by - Ae/log (G
A . y og (G /Ao
/F Coefficient of i L
@ lcw/hncavamscm:? a, | m,t,
oefficje .
. cient of consolidation, C, | Slope of the e - o curve defined
l/’l i
) as -Ae/AG L
A, Codes a b c d
B, 2 1 4 3
] 4 3 2 1
D, w 3 4 1
Exp] i 1 2 3 :
Planation : Refer Q. 3.14, Page 3-16, Unit%
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.‘\I‘rl\l\ql\l\.!tll\\l\l\‘ll.ll."{,j

31. Coefficient of consolidation is measured in : .

A, emilg B. em?/sec

C. glem?sec D. g-cm/sec .
Explanation : Refer Q. 3.15, Page 3-16A, Unit-3.

32. Consolidation time of a sample : .
A. Increase with a decreasc in ﬁoaaon.-—v-—-o%
B. Increase with an increase in permeability
C. lncrease with a decrease in unit weight of water
D. Increase with a decrease in compressibility
Explanation : Refer Q. 8.15, Page 3-17A, Unit-3,

33. The relationship between the coefficient of consolidation (c,) and
time factor (T,) is given by :

- d?
A T, =cmi B. 7, = -
d’t
ct _
C. T, = = D. T, N

Explanation : Refer Q. 3.15, Page 3-17A, Unit-3.

34. The ratio of settlement at any time t to the final settlement is
known as

Coefficient of consolidation

Compression index

Degree of consolidation

None of above .

Explanation : Refer Q. 3.15, Page 3-17A, Unit-3.

Dow»

5. Coefficient of consolidation of a soil is affected by :
A. Compressibility B. Permeability

C. Both (A) and (B) D. None of the above
Explanation : Refer Q. 3.15, Page 3-17A, Unit-3.

w

36. Match list I (contact pressure distribution curve) with list Il
(Description of footings) and select the correct answer using the

codes :
e List 11 .
a. ” 1. Rigid footing on cohesive soil
b. % 9. Flexible footing on cohesive soil
. il
U 3. Rigid footing on cohesion Jess &

%é at ground level

" m.5
\u m uﬂk:u / )
of I —.oozam —
Bround Jevg| on hegiyg !
i iegy 0]

Codes

LSV
=N N =T
[SOR NN ]
LR -

Explanation : Refer Q. 3.17 P
Tl Tage 3-194 1.
» Unit-3

. terminj
layer of origi termining tp
o diErto m@EE »E.nr:mmmm mﬁmﬁﬂ settlemen; (AH) of
0 n additional Joaq Ag, i w:anmwmzoé}:wa arey sl
A aH = G H, log. Ot Ac 13 given by €N pressyr,
l+e, E1o T
m m‘ = mn g 4+ D °
l+e, log,, alo.’Q
_CH j
O. E = H o _.Qmuc,qn."
+e, G, + Ac
H
U. = H [ HOW.S O-o
Excol +e, G, +40
~Xplanation : Refer Q. 3.17 Page 3
38. Theequat s
. uation connecting ch i
(AH) of a ¢l 1§ change in void ratio (Ae) 4
by + OF 2 clay of original thickness b, and void rati o g s
o , 13 Eiven
A. Wmn Ae H
H 1+e B. = e
o l+e,
c., SH_4e
Hmn e, D. None of the above
x .
‘Planation : Refer Q. 3.17, Page 3-194, Unit:3.
39. For g .
by egree of consolidation U, less than 60%, time factor is given
A mh U UN :
2\700. B. mmm\lu
100 4\100
o] ah U u... 3
o= = U
; b 52)
100 2\100

Explanation : Refer Q. 3.19, Page 3-22A, Unit-3.
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Multiple Cheice Questiong

40. Time factor corresponding

A.

C.

given
T
64
.
16
Expl

by :
B.

D.
anation : Refer Q. 3.20, Page 3

w|A g\a

©e0®

to 25 % degree of consolidation ig

—23A, Unit-3.

Geotechnical Engineering

MC6-21 A (CE-Sem-5)

— :

UNIT

Stress Distribution in

Soil and Shear Strength
(Multiple Choice Questions)

>

> e

o w

(S

Sowp

Sow

Following are the agsumption made in Boussinesq theory. Which
one is incorrect ?

Soil is homogeneous, semi-infinite, elastic and isotropic.

Self weight of soil is ignored.

Distribution of stresses is symmetrical about vertical axis.

Soil is initially stressed.

Explanation : Refer Q. 4.1, Page 4-2A, Unit-4.

The stress developed at a point in the soil exactly below the point
load at the surface is :

Proportional to the depth of point.

wuocowﬁouﬁ to the square of the depth of point.

Inversely proportional to the depth of point.

Inversely proportional to the square of the depth of point.
Explanation : Refer Q. 4.1, Page 4-2A, Unit-4.

. Boussinesq equation for calculating the vertical stress at a point

below ground level is given by :

- ’w@ 1 5/2 B. o - .m 1 542
* enZ® |1+ G /2P 2 22?1+ (/20

372 32
o = %ﬁ 1 g u.awumcﬁ 1 g

2rZ% (1+(r/ Z) 2nZ? |1+ (r/ 2
Explanation : Refer Q. 4.1, Page 4-2A, Unit-4.

Consider the Westergaard’s analysis for vertical stress, which
one is correct :

Soil is homogeneous, elastic semi-infinite and non isotropic.
Medium is assumed to be laterally reinforced with numerous
closely spaced sheet of negligible thickness.

Medium is assumed to be horizontally rigid but vertically elastic.
All of the above

Explanation ; Refer Q. 4.1, Page 4-2A, Unit-4.

The Westergaard’s analysis is used for :
Homogeneous soils B. Cohesive soils
Sandy soils D. Stratified soils
Explanation : Refer Q. 4.1, Page 4-24A, Unit-4,

e
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1/2
312 Q 1 ;
=ZF | 1+ 2( \NL B. o= 7 (1+2G/2)
nZ® |1+ 2(r

ar2 Q 1 gﬂm
C. o NO% 1 M D. C, = \qMNln-’er‘TNQ-\NvN

T 2| 1+26 /2" 12
Explanation : Refer Q. 4.1, Page 4-2A, Uni

?Qunaf.r L

7. Consider the following .”
1. At r/Z = 0,Westergaard's valu s
9. At r/Z = 1.5 both value are equal.

3 b
e is 67% of Boussinesq's value.

Multiple Choice Questions
. . s by
6. Westergaard's cquation for vertical pressurc 18 m:...mu y

’ ter.
3. For r/Z > 1.5 Westergaard’s stresses are grea

3 ?
Which of the following um\w_.m mnennmwn% ?
. 2an
W. MMM‘QHH D. 1,2and 3

it-4.
Explanation : Refer Q. 4.1, Page 4-2A, Uni

i ted
he intensity of vertical pressure &nmnﬁ% _umwodmc a concentrate
> MEM “.w Q kN at a depth of Z m in a soil mass 18 : ,

2n 2
== QZ
A. 3QI27Z? B. 5@ |
3 Q W
C. Wx% B o2n Z

Explanation : Refer Q. 4.2, Page 4-4A, Unit-4.

i il deposit,

9. Considering the vertical stress for a sedimentary soil dep

. Co 5 E

which solution is more appropriate ? e solution

A. Bousssinesg’s solution B. M.mmﬁmMNMMMm

. i D. None o

roximate method o

© Wwwﬂwbwiou . Refer Q. 4.6, Page 4-4A, Unit-4

i line at a depth Z of a ¢
ertical stress on a nmdﬁ.m : a de ”
o M.memw:m R carrying UDL intensity ¢ 1s given by

ircular area

(1 Y 1 1
B. qll- 2\3/2
A a|1-(17R/27) T+M\L
5/2 “w Q H
c. 4 L D. 5=y T
i . w+hl
HA. m N
Explanation : Refer Q. 4.7, Page 4-94, Unit-4.

a load intensity

. sy ; i ded with )
11. If the entire semi infinite soil mass is loa D 715 equal t0:

at the surface, the vertical stress at any dept
2

2 q 1 B. 0.5¢
A, Oz = .qln.m x 2
1+(Z)

of g

o TR L LR A

Geotechnical Engineering MCQ-23A (CE-Sem-5)

2.0 D. g
N H . \
Sxplanation  Refer Q. 4.8, Page 4-11A, Unit-4,

12. For a strip of width B subjected to a lpad intensity of ¢ on the
surface, the vertical stress at a depth Z is :

A o, = mﬁo,lm: 20) B. ¢, = Wﬁo:m: 28)

C.o,= %aiae D. maimue
Explanation : Refer Q. 4.8, Page 4-11A, Unit-4.

13. An isobar is a curve which -

A. Joins points of equal horizontal stress

B. Joins points of equal vertical stress

C. Joins points zero vertical stress

D. Joints points of maximum vertical stress
Explanation : Refer Q. 4.11, Page 4-15A, Unit-4.

14. Consider the isobar :

1. Each isobar represents a fraction of the load applied at the surface
2. Isobar is also known as pressure bulb

3. Normally isobars are drawn for vertical, horizontal and shear

stresses
Which of the following isfare correct ?
A. land?2 B. 2and 3
C. 3and 1 D. 1,2 and 3 )

Explanation : Refer Q. 4.11, Page 4-15A, Unit-4.

15. The equation s = ¢ + o tan $ is given by,
A. Rankine B. Coulomb
C. Newton D. Mohr

Explanation : Refer Q. 4.14, Page 4-18A, Unit-4.

16. The shear strength of a soeil

A. is directly proportional to the angle of internal friction of the soil
B. is inversely proportional to the angle of internal friction of the
soil
C. Decrease with increase in normal stress
D. Decrease with decrease in normal stress
Explanation : Refer Q. 4.14, Page 4-18A, Unit-1,

17. In a Mohr’s diagram a point above Mohr's envelope indicates
A. Imaginary condition
B. Safe condition
C. Imminent failure condition
D. Condition of maximum obliquity
Explanation : Refer Q. 4.14, Page 4-18A, Unit-4.

-1% )
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P McC
18. In a direct shear test the shear stress and normal stress on a dry ! 26. An unconfined eop, T Q254 (Cp 3
sand sample of failure are 0.6 kg/em? and w.rﬂ\n_:m, respectively, A. Direct shear togt Pression teat iy , m?nm/lll/l.iu“./&ﬁ.glth c
The angle of internal {riction of the sand will be : C. Vane shear test W H,..mmxmm_ mc“u_ Caze of . . )
¢ an D, so, LEAAnAtion : Rofur g 3 NOME of thy 11 25Hion touy 3
A N . : ane shear t : L bage 4.9 - =
Explanation : Refer Q. 4.14, Page 4-18A, Unit-4, of : est ig conducteq Samh“mhah”a. nN.u ﬁ
A. Cohesive goil Tme the ghay, :
. AL dtreg,
19. Shear failure of soils takes place J..iaoz : . C. Silty goil B. Non Cohesjve rengeh W?
A. The angle of obliquity is maximum (Mohi’s circle touch Explanation : Refer Q D. mm:&w s0il soil =
the envelope) . . . - 4.18, Page 4224y
B. Maximum cohesion is nmmnvﬁi. in ooro.m::u soils ) 217. >nno~.&:m to vane shea » Unit4_
C. & reaches its maximum value In cohesionless soils by, T test the shear stre
D. Residual strength of the soil is exhausted. ) ngth (5 of 30i1 i give
Explanation : Refer Q. 4.14, Page 4-18A, Unit-4. A. L" “n
) a D*H p? B. ./ﬂl/
20. Which of the following statement are correct for direct shear | 2 +ﬂ .«_“.bfﬁw D
test ? ) 9~ Im‘M‘
A. Test is useful for all types of soil. i 6 Tr ,
B. Drainage conditions can be fully controlled. ‘- [p? 3 T p? - ;
C. The failure plane is always horizontal. ! _H’mm: b’g D. = .Iw%.n+ Wuul‘* |
D. Al of the above. . 6 6 _
Explanation : Refer Q. 4.15, Page 4-194, Unit-4. Explanation : Refer q_ 4.1 P _
) r %10, Page leNP .C__.w.ﬁ !
21. In direct shear test, proving ring is used to measure : 28. Drained conditions are 1t4. _
A. Displacement B. Shear load A. Vane shear test vwmﬁml..q controlleq iy - _
C. Compressive load D. All of the above ) C. Triaxial sheay test p. Direct shear test ._
Explanation : Refer Q. 4.15, Page 4-19A, Unit-4. Explanation : Refa, o4 wmzmwnm of thege !
. T Tage 4-224, Unity i
22. The advantages of direct shear test : 29. When drainass i . . “
A. Failure takes place on the predetermined plane. is known §€ 1S permitted throughoyt the triaxia] 3
* g i as: ax1al test, the test n
B. It is a quick test. A. Quick test B ] i
C. Drainage conditions cannot be changed. C. Consolidated undfaineg - Drained test m
D. Failure of the sample is progressive. D. None of the above ined test m
Explanation : Refer Q. 4.15, Page 4-19A, Unit-4. Explanation Refer Q. 4.9 Pags £'5in m
- et Tage . Unit-4,
23. The direct shear test suffers from following disadvantages : 30. In a triax . i
s - axial : .
A. Drainage conditions cannot be controlled. test ( mﬁmumw. mew_.mn%w%myumﬁm Is allowed during the first stage of m
B. Pore water pressure cannot be Emmmcwma... during the second . n.o mm:.wummmﬁmv &.oum. and is prevented m
C. Shear stress on the shear plane is not uniform. then the test ma wsmmm (during application of deviator load), 4
D. All of zuo. above. ) A. Gsnobmo:@mﬁmﬁm W:nn o.Eanm : m
Explanation : Refer Q. 4.15, Page 4-19A, Unit-4. B, Consolidated :umnmh%hm&ﬁwmn : m
C. Uneconsolj - s N
24. Unconfined compression strength test is : D. Oozmozmw“ﬂowﬂmm“%ﬂm Mmm» N
A. Drained test p es
B. Undrained test Explanation : Refer Q. 4.20, Page 4-23A, Unit4.
C. Consolidation undrained test 31. - .
D. Unconsolidated drained test MMM »nmwﬂm_ test, if a test is performed without allowing drainage m,
jon : : ng the initial application of cell pressure but the same is
Explanation : Refer Q. 4.17, P -2 -4. 1 pp n of cell pressure
*P Q age 4-21A, Unit4 allowed during the second stage of application of deviator load,
the test may be termed as :

A. Unconsolidated undrained test
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MCQ-26 A (CE-Sem-5) Multiple Choice Questiong
‘l\l\l\\l\l\l\l\l\ik\\\l\\.&\l\l\l\}}.
B. Consolidated undrained test
C. d:.noﬂmo:&—:n.w drained test
D. Consolidated drained test )
Explanation : Refer Q. 4.20, Page 4-234, Unit-4.

32, In the consolidated drained test on 2 saturated soil sample, pore

water pressure is zero during :
Consolidation stage only

A
B. Shearing stage only .
C. Both consolidation and shearing stages
D. Loading stage

Explanation * Refer Q. 4-20, Page 4-23A, Unit-4.

33. In a fully saturated coil Skempton’s pore pressure parameter B

becomes equal to :

A0 B. o.m1
C. 1 D. 0.75
Q. 4.22, Page 4-27A, Unit-4.

Explanation : Refer

34. The ratio of change in pore pressure to the change in deviator
strese is called :

A. B-factor

C. Over consolidation ratio
mnﬁ—gmﬁoﬂ : Refer Q.

B. A-factor
D. None of the above
4.292, Page 4-27A, Unit-4.

35. The ratio of change in pore pressure with the change in the cell

pressure is called :

A. B-factor

C. Over consolidation rati
Explanation : Refer Q. 4

B. A-factor
o D. None of the above
22, Page 4-2TA, Unit-4.

36. In a triaxial test the deviator stress is given by :

G, +C

A. 6, +0y B. _w 3
6,—-0C

C. 0,-0,4 D. = 2
2

Explanation : Refer Q. 4.24, Page 4-30A, Unit-4.

©0O

Geote chnical Engi neering

LNIT

H. >Oﬂm<® 0&.;7 /
pre
exerted by the mwwcam of a

1 when - Soil is defineq as the

A. The retaini
B. The HMMMHMMSNE 13 at rest latera] Pressure
C. The retainin 8 wall tends ¢ m
D. N g wall movyeg ; ove awa
. Nome of the abwe S 10 the sgi] Y from the backfi)
L

Explanation :
n : Refer Q.51, Page 5. 94
, Unit-5,

2. Coefficient i
e of active earth Pressure for ¢op
esion] ils i
: w o €SS 50ils is givey
— % B. 1- sin &
) 1+sin¢
¢ lttang
lembe D. N+8me
—~cos ¢

mgﬂgmﬁhau . Hﬂmm.mn @. m.w- vaum MI..WpP q t
= y vmt-3,

) e Y of earth pressure assumes that the back
O. Emdm and smooth o
. Vertical angd Ssmooth
Explanation : Refer Q

B. Emu.m and rough
D. Vertical and rough
. 5.2, Page 5-34, Unit-5.
- Following are th
T : le assumptions of Rankine’
by .HEM Mwhwmmmm M.m homogeneous and mm” Ww%nﬂ“wmg e
z ound surface is plane, whi izon
ﬁwﬂw. mo_.H o e e no@v mmmmnﬂwm& may be horizontal and inclined.
A ich is/are correct ? .
. land 2 B. 2and 3
. 2an

= Lmds D. 1,2and3
3 « Lhaan
xplanation : Refer Q. 5.2, Page 5-3A, Unit-5.

5. As angl R
A press MHM o“m internal friction ¢ increases, coefficient of active earth
O” w%@n%ﬂm.mmm B. Decreases
Mxm:n NS same D. None of the above
anation ; Refer Q. 5.2, Page 5-34, Unit-5.

NP TTERAEE WINPT W m e = W o s

www.civilguru.net
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S ” Multiple Choice Questiong
MCQ-28 A (CE-Sem-d)

t sequence of the given parameters in descending ordey
6. The correct s .

. ressure intensity is * , i t rest
A o..mnm,“.ﬂ?uuﬂmmw,.m. At rest B. Passiy aquMnM“Mo.>Wew<o 8
He SELVE: At rest. Active D. At rest, oy .m “14A, Unit.5
G- H.?rv”:.. .».an. Refer Q. 5.3, 2 Marks, Page SQ y LML=,
Explanati : .

Depth below the ground curface, where active earth pressure
7. Depth be

intensity is zero, is given by

e 2cy
20K, B. il
A T N %
. o D. Nnmm! Y
- e a
1R 3, Page 5-6A, Unit-5.

Explanation : Refer Q. 5.

A ding to Rankine’s theory, the active Mmu.s.» pressure at the
Accordin e’s 1 “ cart!
> .cm;mm wm.,.mm of excavation in the cohesive soil 1s
; =K vyH - 2c \
=Ky~ |K_H B. P x
A P =K 2c /K, i N K,

Ki o 7 D. P =k H-
C. P, = -2k ’ JK,

Explana

tion : Refer Q. 5.3, Page 5-5A, Unit-5.

i i ity at the top of a wall in
y tive earth pressure intensity all
- :mwdmmumwm mﬁnsﬂ required intensity of uniform surcharge is :
A. 2ccota W mnmnn»w.h— .
C. —2ccota D. -
Explanation : Refer Q. 5.3, Page 5-5A, Unit 5

cohes

10. The angle of internal friction ¢ for cohesive soils is equal to

A O B. 30°

C. 45° D. 90° ) S
Explanation : Refer Q. 5.3, Page 5-5A, Unit-5.

11. Passive earth pressure in a soil mass is proportional to

)
2| 458
A. tan® TT@ B. cot T 2
b

C. tan® lmlw D. eot’ TTMV 2.5
Explanation : Refer Q. 5.3, 2 Marks, Page SQ-144, pestite

; ive
12. For a sand having an internal friction of 30°, the ratio of passt
to active lateral earth pressure will be :
Al B. 2
C. 9 D. 12 .
Explanation : Refer Q. 5.3, 2 Marks, Page SQ-14A, Unit 5

Geotechnical m:r:.:ool:ﬂ

13. Coulomb’s theor

29
f o A(CE,
A. The theory of m_MmNmnmwlerMmmc..m is hased mwﬂué
C. Wedge theory : .BEJG on
' D, al rylg,
Explanation : Refer q, 5 5 WMM :M.M.w amnm_mm:n.ﬂ
"ty e ! > AMD_ iy
’ t-5,
H.M. Mmmnmnmv_m back fin1 materia] pep:
ilt ehind 3 oy .
C. Clay w. wm:& 0ing vy is
Explanation Refer Q.55 vwmmw 5.8
] ’ A, Unit.5
15. m,o:oé._bm are the assumptjgp
1. The failure weq S of Coulomp we

e f ge act
distributed over it. ®
2. Failure is twe &Emﬂ&ob&

passes through the he and raptyye Surface
3. Location and &Hmnﬁmobmw %M the waJy_ € 1s plane #hich

5?;538:83mﬁaa:_ﬁan _ssg
A. land2 B .
C. 1and 3 - 2and3

. D. 1,2
Explanation : Refer Q. 5.5, m“mmwum.mmw Unit.s
> Unit-5,
16. Which one is

mmumnmpg
A. Rankine’s theory 07 of la

B. Coulomb’s theory

C. Both coulomb’s and Rankinge’
D. None of the mvo<m 3 theory

Explanation : Refer Q. 5.5, Page 584 Unit-

as pios d
rgid hogy and m_u.mwmmmw zumo_.w.“
are Uniformjy

teral earth Pressure ?

5.
17. According to Coulomb’s

case the wedge slide :
A. Downward

wedge theory, in the active earth pressgre

. gmozﬁiﬁ.moUmm: surface
B. modnonamﬁw inward parallel of cmmm.c

C. Upward and inward on a slip surface.

D. None of the above.

Explanation : Refer Q. 5.5, Page 5-8A, Unit-5.

18. According to Coulomb’

s wedge theory, in the passive case the
wedge slide :

A, molnounmz% and outward parallel of base.
B. Downward and outward on a slip surface.
C. Upward and inward on a slip surface.
D. None of the above,

Explanation : Refer Q. 5.5, Page 5-84, Unit-5.

19. Which is/are the factor(s) affecting of coefficient of earth pressure ?
.m.. The angle of back of soil B. The mom_ém:wn.znsou value
- The angle of backfill ~ D. All of the above "
Explanation : Refer Q. 5.6, 2 Marks, Page SQ-154, Unit5
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MCQ-30A Aom-mﬁ.:.mv

Multiple Choice Questiong

is an E.mcvco_.gm inclined surface of a soil magg,

920. The ——— B. m_:vp:rs,a:e
A. m_ovm dion D. None of the above
C. mm,n“m”.”ww—hmmoﬂ . Refer Q- 5.7, 2 Marks, Page SQ-16A, Unit-5,

ide for :
21. Slope are mosonm:% provi :
A. Highway and Railway formations
B. Earth dams
C. Canal banks and levees
bove .
P MHMHMMMMM%H "aw&.ﬁ. Q.5.7,2 Marks, Page SQ-15A, Unit-5.

99. The total lateral earth preé

A. Depth of soil .
B. Square of the &mﬁ»ﬁ. of soil )
C. Angle of internal friction of soil
D. None of the above
Explanation * Refer

ssure is E.ous.nmobmu to :

Q. 5.9, Page 5-12A, Unit-5.

Which is/are examples of an artificial slopes ?
The sides of cuttings.  B- The slopes of mw.q? dams.
The slops of embankments of road, canal, railway lines, etc.

All of the above.
Explanation : Refer Q. 5.1

[N]

vope

0, Page 5-13A, Unit-5.

of soil which has both frictional as well as

924, The slopes made up
the slope is known as :

cohesive properties,
A. Cohesive soil slope
B. Frictional soil slope
C. Oormm?m-mnmenmouw— soil slope

D. None of the above
Explanation : Refer Q. 5.10, Page 5-13A, Unit-5.

95. Which one is the example of natural slope ?
A. Slope in hilly areas

B. Slope of earth dam

C. Sides of embankment and cutting

D. All of the above
Explanation : Refer Q. 5.10, Page 5-13A, Unit-5.

26. Factor of safety with respect to shear strength is given by,
A= B. %
Cq Ty
t
¢. tend D. None of the above
tan ¢,

Explanation : Refer Q. 5.12, Page 5-14A, Unit-5.

27. Failure of finite slopes takes place due to :
A. Translational B. Compound

,’*

Geotechnical Engineering

C. Wedge

Explanation : Refer q D. Ryt

m.HN_ m.mmﬁ on

ge 5-
5 144, C::)w..

is given by, # With respec a
4 tand " O iterna) g
dan 0; B e Tictjnn
S ﬂ.&
c. —
T, D. Non
Explanation : " ol thes
n : Refer Q. 5.12, Paga San e
29. A fai i o
ilu
C. mQEuocnm wmzcﬂw w q.u.wnm_m:.““qh w.u.._“
_. 1 ' " g\ . ally
xplanation : Refer . 5.14, %“memu.wwnm re
30. A type offai s
A. Wedge failure, ent of the soil mass mmmmcn.mnm b7 dovmard
C. Wonmnmoﬂwu failure W Hﬂoﬂuo:um mmmE.m
xplanation . - Misc i
ation : Refer Q. 5.14, m»mwgwmmwwm Hmmmﬁ.m.
, . y Unit-5,
i Ww%bw_% surface mow-roEcwmbmoam il
. soil is :
C. m.wmmimn W Mmﬂad_uw
ol e ik < . of th
1on : Refer Q. 5.14, Page wmmww.ocm it
| ,» Unit-5,
mM Wwwwummnﬁm of a finite slope :
- anE.M MWMMM nm%m wm_os the level of toe is stro
. o ere is a relatively weak zone EH”WE_. part of th
. Occurs w i o
oo hen the soil below the toe i i
; is relatively soft and

U. Hm a m
0st common fail
Explanation : ailure and occurs in relati
ation : Refer Q. 5.14, Page 5-17A cmm_.w e e
33. In ’ '
to :
A. Shear
st
rength B. Maximum shear strength

C. Appli
MMWH_MMQ %rmmn stress D. All of the above
ation : Refer Q. 5.15, Page 5-384, Unit-5.

stabilit i
| y analysis, the term mobilized shear strength is equal

34. The rat}
rat .
normmmonﬂohﬁ the available cohesion intercept (c) and the mobilized

to: ercept (c,,) is known as factor of safety with respect
A S
C. OW.HM m.nnmsm»r B. Friction

Expl sion D. None of the above

anation : Refer Q. 5.15, Page 5-18A, Unit-5.
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MCQ-32 A (CE-Sem-b)

Multiple Choice Questiong

35. The stability of a slope is increased by :
A. Slope flattening.
B. Consolidation by surcharging.
C. Grouting and injection of cement oOr other compounds,
D. All of the above.
Explanation : Refer Q. 5.16, 2 Marks, Page SQ-164, Unit-5,

_ The method of slice for the stability of slope can be used :

For stratified soil. )

When secpage occurs and the pore pressure exists within the
soil.

Both (A) and (B).

None of the above.

Explanation : Refer Q. 5.17, Page 5-214A, Unit-5.

@ &

l':jO

37. Accordingto Swedish circle method, factor of safety against sliding
is expressed as :
cL+tan¢' TWcosa p @ cL — tan ¢' TW cosa

_cLrtang 27T "

A F TW sina TW sina

Cc. F= Em D. None of the above
W sina

Explanation : Refer Q. 5.17, Page 5-21A, Unit-5.

38. Taylor’s stability charts are based on the total stresses using the
A. Friction circle method

B. Method of slices

C. Bishop’s method

D. None of the above

Explanation : Refer Q. 5.19, Page 5244, Unit-5.

39. Taylor’s stability number (S,) is given by,

A = B. JH
F.vH cF,
c. F—= p. p1H
y H E. C

Explanation : Refer Q. 5.19, Page 5-244A, Unit-5.

40. Consider the following about stability numbers :

This dimensionless number is proportional to the required cohesion
and is inversely proportional to the allowable height.

The reciprocal of the stability number iy known as stability factor.
Only 1 is correct

Only 2 is correct

. Both 1 and 2 are correct

. None of the above. -

Explanation : Refer Q. 5.19, Page 5-24A, Unit-5.
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