Vg lay .\ 2025

Uttar Pradesh
Public Service Commission

Combined State Engineering Services Examination
Assistant Engineer

Civil Engineering

Geotechnical Engineeringand
Foundation Engineering

Well lllustrated Theory with
Solved Examples and Practice Questions

G J

NS

PUBLICATIONS

Note: This book contains copyright subject matter to MADE EASY Publications, New Delhi. No part of this book may be reproduced,
stored in a retrieval system or transmitted in any form or by any means. Violators are liable to be legally prosecuted.




Geotechnical Engg. & Foundation Engg.

Contents
UNIT TOPIC PAGE NO.
1. Origin of Soil 1
2. Properties of Soil 6
3. Classification of Soil 62
4. Clay Mineral and Soil Structure 76
5. Soil Compaction 83
6. Effective Stress, Capillarity and Permeability 98
7. Seepage Through Soils 142
8. Vertical Stresses 166
9. Compressibility and Consolidation 184
10.  Shear Strength of Soil 217
11.  Stability of Slopes 254
12.  EarthPressure Theory and Retaining Wall 271
13.  Shallow Foundation 308
14.  Pile Foundation 342
15.  Soil Exploration 372
16.  Expansive Soils and Soil improvement 382
17.  Machine Foundation 389

Q000




Properties of Soil

Im=-ov>B>IN

2.1 Introduction

Soil is essentially made up of solid particles, with spaces or voids
in between. The assemblage of particles in contact is usually referred to as
the ‘soil matrix’ or the ‘soil skeleton’. The intermittent void spaces are filled
up by either air or water or both air and water. This means that an element

of ‘soil’ may be considered as a three-phase material, comprising some L Air
solid (soil grains), some liquid (pore water) and some gas (pore air).
M Soil
solids
2.2 Phase Diagram S Water

Three phase solid water air system
e  The diagrammatic representation of the different phases in

soil mass is called the ‘Phase diagram’.

e Different phases present in soil mass cannot be separated,
allthree constituents are assumed to occupy separate spaces.

e  Soil can be either two phase or three phase composition.
(@) Three phase system:

Partially saturated soil

(b) Two phase system:

Saturated soil Dry soil
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2.3 Important Definitions

W, = Weight of soil solids _ Volume Weight

W,, = Weight of water

W, = Weight of air ( = 0)
W = Weight of soil mass
V, = Volume of air 4
V,, = Volume of water
V, = Volume of solid
V = Total volume of soil mass y

V,, = Volume of voids i.e. sum of volume of air and volume of water.

1.  Water Content (w)
e  Water content (w) is also called moisture content. It is the ratio of weight of water to the weight
of soil solids.

W= ; w=>=0

m§ |§§

e Thisisrepresented as a percentage.

e  The water content of a oven dry soil is zero but natural water content for most soils is around
60%.

e  Thereis no upper limit for water content. It can be greater than 100%.

>} [Ea-

2
.

1. Fine-grained soils have higher values of natural moisture content as compared to coarse-
grained sails.

2 There are four possible forms of water present in soil:
(@) Gravity water (free water): Added due to rain or flooding
(b) Capillary water: Extracted through capillary action
() Hygroscopic water: Water absorbed by oven dried sample when it is placed in open

atmosphere

(d) Structural water: Water bounded in crystalline structure of soil
On oven drying, gravity water, capillary water and hygroscopic water are removed but
structural water remains present in soil mass.

3. Water content in soil represents gravity water, capillary water and hygroscopic water, which
can be removed on oven drying.

2. Degree of Saturation(S)
o Degree of saturation (S) of a soil is defined as the ratio of the volume of water to the volume of
voids in the soil mass.

V
S=%x100
%4

v
where, V,, = volume of water
V,, = volume of voids
o It is expressed in percentage.

e  For dry soil, S = 0% and for fully saturated soil S = 100%, whereas for partially saturated
soil 0 < S< 100%.
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NOTE g

If soil is partially saturated, then total volume of soil and volume of void remain constant during
variation of moisture content. If soil is super saturated due to further addition of water, then
volume of void and total volume increases. Hence void ratio will change but degree of saturation
remains constant equal to 100%.

3. Void Ratio (e)
e  Thevoidratio (e) of a soil is defined as the ratio of the total volume of voids to the volume of solids.

e= Y e>0
Vs
where, V = volume of voids

V_ = volume of soil solids
° It is expressed in decimal.
o In general e > 0, i.e. no upper limit for void ratio.
e Void ratio of fine grained soils are generally higher than those of coarse grained soils.

The individual void spaces in coarse grained soil are larger than fine grained soils; but the total
void space is generally more in fine grained soils.

4. Porosity (n)
e The porosity (n) of a soil is defined as the ratio of volume of voids to the total volume of soil.

n=Y, 100%
4
where, V,, = volume of voids

V = Total volume of soil
o It is expressed in percentage.
e In porosity, total volume of soil is used which includes volume of voids.
o Hence porosity (n) of soil cannot exceed 100%.
e  The range of porosity is 0 < n < 100%.

NOTE 8

Void ratio (e) and porosity (n) both have same significance but void ratio (€) is more widely
adopted than porosity because volume of solid which is used in void ratio is more stable than
total volume used in porosity.

5. Air Content (ac)
o It is defined as the ratio of the volume of air to the total volume of voids present in soil.

a-Va
RN V4
v
where, V. = volume of air in voids

<
Il

volume of voids
° It is expressed in percentage.
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6. Percentage Air Voids (ny)
o Percentage air voids (n,) is defined as the ratio of volume of air to the total volume of soil

mass.
n,= Ve x 100
%
where, V_ = volume of air

a
V = total volume of sail

° It is expressed in percentage.

7. Unit Weights

(a) Bulk Unit Weight (y)

e |tis the ratio of total weight of soil to the total volume of soil mass.
w W, + W,
VOV +V, 4V,

e |tis expressed as k—l;/ or kot
m

cm®
NoTE S

e Bulk density is defined as the ratio of total soil mass to the total volume.
5 = M _ Mg+ M,
VOV, 4+

Yi =

: kg
e |tis expressed as =

(b) Dry Unit Weight (v,
e |tis the ratio of total dry weight of soil to the total volume of soil mass.
_ Dry weight of soil ~ Way
47 Total volume %

e Dry unit weight is used as a measure of denseness of soil. More dry unit weight means
more dense or compacted is the sail.

i NOTE |4
% [NOTE|
4/' Dry density is defined as the ratio of total dry mass to the total volume.
S
VTV

(c) Saturated Unit Weight (y,,,)

e |tis defined as the ratio of total saturated weight of soil to the total volume of soil mass
W,

sat

YS&T = V4

NOTE 8

Saturated density is defined as the ratio of total saturated soil mass to the total volume of soil mass.

Msat
Psar = \ja
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(d) Submerged Unit Weight or Buoyant Unit Weight (y’_, or y’)
e |tis the ratio of buoyant weight of soil to the total volume of soil mass.

/_VVsub
ey

e When soil is below water i.e. in submerged condition, a buoyant force acts on the soil
solids which is equal in magnitude to the weight of water displaced by the soil solids.
Hence the net weight of soil is reduced and reduced weight is known as buoyant weight or
submerged weight.

VVsub

Y= v = Ysat — Yw

e vy’ isroughly % of saturated unit weight (v,,)

NOTE: Submerged density or buoyant density, p” = p,, — P,

(e) Unit Weight of Water (v,)
e |tis the ratio of weight of water to the volume occupied by the water

W,

e Unit weight of water depends on its temperature. However, the unit weight of water is taken
to be constant as 9.81 kN/m? or 1g/cc.

kN kgf

* ltisexpressedin — or —
m cm

(f) Unit Weight of Solids (y,)
e |tis the ratio of weight of soil solids to the volume occupied by the soil solids.

— WS
YS - VS
kN kgf
* |tis expressedin — or %
m cm

8. Specific Gravity (G)
e  Specific gravity of soil solids (G) is the ratio of the weight of a given volume of solids to the
weight of an equivalent volume of water at 4°C.

W,
oo e -
AT s

e  The specific gravity of most of the inorganic soils lies in the range of 2.65 to 2.80.
e  Fororganics sails, it lies in the range of 1.2 to 1.40.
9. Apparent or Mass Specific Gravity (G, )

o Mass specific gravity is defined as the ratio of the total weight of a given volume of soil to an
equivalent volume of water.
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e Mass specific gravity can be defined as the ratio of bulk unit weight of soil to unit weight of

water.
W
TV Y
If soil is in saturated state,
Y sat
G = Jtsat
Ty
If soil is in dry state,
Yd
G = td
T Yy

NOTE 8

G=Jts
Yw
Gxy,, = constant
= Gozoc XYy 27o¢ = Grog XYy 270
_ Ywrec
Goroc = Grog X
Yworec

Some important Relationship (Soul of Soil):

1. Relation between w, w,w:

Generally, specific gravity is represented either at 27°C or at 20°C. If test temperature is different
than the standard temperature, then correction has to be done as follows—

e —

WW

W=
WS

W, = w.W,

W=W,+ W, =W+ wW,

oW

ST 1+w

2. Relation between V,V,e:

o= W
VS

V,=eV,

V=V, +V.=eV .+ V = V(1+e)

LV

ST 1+e

3. Relation between e and n:

n—ﬁ— v, VIV, e

VooV, +V, (ﬁ]ﬂ 1+e
VS

e

n= ——

*% 1" Soil solid .+,
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Also n+ne=e
e1-n)=n

n

e —

—_

Volume Weight

4. Relation between S, e, wand G_:
Method-1: By using phase diagram
From above phase diagram,

SelW,
Gs = W'WS
= Se = w.G,
Method-2:
We know
Void ratio, e = ﬁ
VS
AlSO, e = ﬁ:ﬁXV_W :ﬁX—WW/‘YW :ﬁ.m.—G‘SYW :lWGS
Vs w Vs VW Ws/Ys VW Ws Yw S
WG,
°= 75
or Se = w@G

5. Relation between Y. G e, W and Yot

1+~
VS
W, W,
But - —w and 5= G
VVS VS YS SYW
_ Gy, (1+w)
Tt = 1+e
But _ Se
u W= o

_ (Gs+Se
L
Special Case (a): If soil is saturated, then
Yi = Yeat and S=1

G, +1xe
Hence Veur = (8’1?) Y

G, +e
Yoa = | 4 )T

or
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8.

Special Case (b): If soil is dry, then
Y = Yy and s=0

G;+0xe
Hence o= | T 116
o Yo = 1+e

Special Case (c): If soil is submerged, then

, G, +e
Y = Ysa[_YW= . YW_YW

, (Gs—1j
Vo= e )

Relation betweeny,, v, w

WoOW, W,
YTy
W,(1+ W, /W,)
Y = V
- Y W,
" [+ =)

Relation between Yo Go W and n;:
V=V+V, +V,

1= == LA S+VW+n
v v vV vV Vv a
V. V W, /Gy, WW,/y ( Vv _WWSJ
or 1-n, = 2+ % =S S W,y 5 W . =
a” vy v v Y

_ Yg +WWS/YW =Y—d+w=y_£W+iJ
GSYW % GSYW Yw Yw

(1-n,)Gg v

Special Case (a): When n_ = O, then soil become fully saturated at a given water content

GsVw
Hence Ya = TruG

G, +e
or Ysat = 1+ e Yw

Relation between S, w, G, y,and v, :
G, + Se
= Tve )

Ye (GS+Sej: Gs + WG,

1+e 1+@
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1+WGS) _ Gsyw(1+W)
S Yi
1( WGS) %
—|1+—] = X(+w)
Gs S Vi
i+ﬂ = Y—W(1+W)
Gs S Yi
or S = Y v 3
L (1+w)-—
Yi Gs

S.No. | Relationship in unit weight | Relationship in density
1 n:i n:i
ke 1= E
2 - =
' I=m 1-n
3 n, = na, N, = na,
9 _ (Gs +Se)y,, _(Gs+Se
1+e 1+e )"
Gsy Gsp
5 — w _ sPw
lle 1+e P 1+e
6 G, +e G, +
Ysat 1re Yw Psat 1re P
G, -1 G, -1
7 Ysub _( 1s+e jYW Psub _[ 1s+e )pw
Y p
8 = =P
Yd 1+w Pd 1+w
9 WG, _ WG
' S S
(1 — g )GSYW (1 =y )Gspw
10. =1 E/UIW =N TaJEEAY
vd 1+ WG, Pd 1+ WG,
p,, = 1000 kg/m?, vy, =9810N/m?
* =1.0gm/cc=1gm/ml =9.81kN/m?®

e Some important points for numericals:
Mixing of two or more soils:
No change: W, V, W, V,,, W
Change: V,, V,, V

-j Example-2.1 Soil sample A and B have void ratio of 0.5 and 0.7 respectively. If 1.5 m3
of soil sample A and 1.7m?3 of sample B are mixed to form sample C having a volume of 3.2 m3, which
one of the following correctly represents the porosity of sample C?

(a) 50% (b) 37.5%
(c) 100% (d) 33.33%



Solution: (b)
Soil A(1)

e, =05
V,=15m3

Geotechnical & Foundation Engineering

Properties of Soil

15

Soil B(2)Soil C(3)

e,=07V,=32m3
V,=1.7m3

Even after mixing, volume of solids of each soil will be same in mixed sample

The solids in soil A,

The solids in soil B,

Total volume of solids in soil C,
.. Volume of void in soil C,

. Porosity,

Hence, option (b) is correct.

v, 15 3

Vg, = ——= =1m
T 1+e 1405
V, = Vo _ 17y
2 1+e, 1407
Ve, = Vs, + V32=2m3
VV:V3—VSS:3.2—2:1.2m3
_ﬁ:E:o,375
V3 3.2

-E Example-2.2 Which one of the following is the water content of the mixed soil made
from 1 kg of soil (say A) with water content of 100% and 1 kg of soil (say B) with water content of

50%7
(a) 66% (b) 71%
(c) 75% (d) 82%
Solution: (b)
Soil A(1) Soil B(2) Soil C(3)
W, =1kg W, = 1kg Wy=W, + W,
w, = 100% w, = 50% w, =7
Water content, w= M><1OO
WS
wo_ W
- 100 ~ W,
wo MW
100 W
w%
= W= (1OO+1JWS:(W+1)WS
Weight of solids in soil A, Ws, = % =500g
+
WWA = 1000 -500 =500¢g
1000
Weight of solids in soil B, We = = 666.7
- 55~ 05+ 1) .
WWB = 1000 -666.7 = 333.39g
We i = We, + Ws, =500 +666.7 and = 1166.7 g
Wi, i = W, + W, =500 +33339=8333¢g
W .
we e _ 8333 400 = 71%
W, 1166.7

S,mix
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-j Example-2.3 A saturated sample of clay has a volume of 0.224 x 10~* m3 and weighs
0.0367 kg. After over drying, the volume is 0.140 x 10~* m3. The weight of dry soil is 0.0232 kg. Water
content of saturated sample will be

(a) 58.18% (b) 80%
(c) 45% (d) 25%

Solution: (a)
As we know that,

S

W,, = 0.0367 - 0.0232 = 0.0135 kg

W, = 0.0332kg
we 2050 100 =58.18%
0.0232

- E I Example-2.4 Volume of water in 1 m3 of soil is 0.30 m? and the volume of air is 0.50 m3.
The degree of saturation will be

(a) 40% (b) 37.5%
(c) 60% (d) 44.6%
Solution: (b)

%
Aswe know,  Degree of saturation, S = V_W x 100
v

vV, =0.30m?
V,=V,+V,=05+03=08md
0.3
= —x100=37.5%
Thus, S 08

-j Example-2.5 What is the dry unit weight of soil when, weight of water is 230 kg in total
soil weight of 1950 kg having 1 m? of soil mass.

(a) 150 kg/m?3 (b) 1720 kg/m3
(c) 1905 kg/m?3 (d) 1675 kg/m?3
Solution: (b)
As we know that,
Yoy = —WS\‘;/’dS x 100
W, e = 1950 - 230 = 1720 kg
Vg = @:1720kg/m3
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(o) Stiffer the soil better would be shear strength. Hence, it would be more preferred as a foundation
material.
More is (/) consistency index more is stiffness of soil at its natural moisture content,

w, -w, 35-30_ 5 1
1), = —L n _ =~ —_=-025
U0 (1), 20 20 4

wy -w, _65-30_35_7 ...
Uds= "(1,), = 45 45 9

=)g> o),
.. Bis better foundation material.

(c) Shear strength at plastic limit is checked w.r.t. toughness index (I,).
More is (1,) more would be toughness of soil at plastic limit,

I _
(Tp)y _85-15_20 _,

(If)A 8 8
)

B _4
o= (1),

(I

=11.25

= (Ig> U7,
. Bis having more shear strength at plastic limit (wp).
(d) Compressibility is the function of w, (Liquid limit), more is the liquid limit more is the compressibility
of soil,
(W)g > (W),
Hence, compressibility of B is more than that of A.

Sudats
Assigents

Student's Assignment

(=

Q.1 Which of one of the following gives the correct Q.3 The difference between maximum void ratio and
sequence of decreasing order of densities of a minimum void ratio of sand sample is 0.30. If
soil sample? the relative density of sample is 66.6% at the
(a) saturated, submerged, wet, dry void ratio of 0.40, then the void ratio of the sample
(b) saturated, wet, submerged, dry at its too rest state will be
(c) saturated, wet, dry, submerged (a) 0.40 (b) 0.60
(d) wet, saturated, submerged, dry (c) 0.50 (d) 0.75

Q.2 Which of the following correctly defines the term Q.4 A sample has natural moisture content w, void

activity of clay?
(a) Plasticity index / % of clay

ratio ‘¢’, specific gravity of solids ‘G,’. The bulk
unit weight of soil ‘g’ is given by (y,, is unit weight

(b) Plastic limit / liquidity index of water)

(c) UCS/cohesion (1-w)Gyy,, (1+w)Gyy,,

(d) Strength of remoulded sample unconfined 1—e 1-e
compressive strength of undisturbed 1+w)G 1—w\G
sample. ©) % (d) %
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Q.5

Q.6

Q.7

Q.8

Q.9
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If the specific gravity of the soil sample is
represented by G, and void ratio is ‘€, the
hydraulic gradient is expressed as

G, -1 . G, +1
@ 1+e (b) 1-e
1-G, 1+ G,
© 1+e (d) 1+e

If the plasticity index of soil mass is zero, the
soil is

(@) Clay
(c) Sand

(o) Clayed silt
(d)y Silt

The moisture content of a soil, below which the
soil volume becomes constant, is called

(@) Liquid limit (o) Plastic limit

(c) Shrinkage limit (d) None of the above

The value of porosity of soil sample in which the
total volume of soil grains is equal to twice the
total volume of void would be

(@ 75% (b) 66.66%

(c) 50% (d) 33.33%

The mass specific gravity of a fully saturated
specimen of clay having a w/c of 40% is 1.88.
On overn drying if mass specific gravity drops
to 1.74 then the specific gravity of clay will be
(@ 1.95 (b) 290

(c) 267 (d)y 2.85

Q.10 Soil samples A and B have void ratios of 0.5

Q.11

and 0.7 respectively. If 1.5 m3 of soil sample A
and 1.7 m?3 of soil sample B are mixed to form
sample C having a volume of 3.2 m3, which one
of the following correctly represents the porosity
of sample C ?

(@) 0.375 (b) 0.60
(c) 1.66 (d) 2.66
In Casagrande’s liquid limit device, the material

of the test specimen is harder than the standard
rubber. This hardness indicates that the liquid
limit, plasticity index, flow index and toughness
index, respectively, of the specimen, are

(a) more, less more and same

(b) same, less, same and more

(c) less, less, same and less

(d) less, same, less and more

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Which one of the following is the water content
of the mixed soil made from 1 kg of soil (say A)
with water content of 100% and 1 kg of soil (say
B) with water content of 50%?

(@) 66 % (b) 71%

(c) 75 % (d) 82%

Given for a sample of a river sand :

Void ratio at the densest state = 0.40

Void ratio at the loosest state = 1.20

Which one of the following correctly represents
the relative density of a sample prepared with a
void ratio of 1.0 ?

(@ 125% (b) 25%
(c) 75 % (d)y 87.56%
A saturated sand deposit have natural moisture

content of 30%. It was noticed that the maximum
and minimum void ratios are 0.95 and 0.40
respectively. Assume specific gravity of sand
solids are 2.7, the sand deposit will be classified
as

(a) Medium
(c) Loose

(b) Dense
(d) Verydense

Two soil samples A and B have porosities
n, = 40% and ng = 60%, respectively. What is
the ratio of void ratio e, : e5?

(@) 2.3 (b) 3:2
(c) 49 (d) 9:4
A clay sample has a void ratio of 0.54 in dry

state. The specific gravity of soil solids is 2.7.
What is the shrinkage limit of the soil?

(@) 8.5% (b) 10.0%

(c) 17.0% (d) 20.0%

Consider the following properties of clay X and Y.

S. No. Properties Clay (X) | Clay (Y)
1. LL(%) 42 56
PL(%) 20 34
Natural W/C(%) 30 50

Which of the days, X or Y experiences larger
settlement under identical loads; is more plastic;
and is softer in consistency?

(@ X,YandX (b) Y, Xand X

(c) Y, XandVY (d)y X,XandY



Q.18 The dry density of a soil is 1.5 g/cc. If the

saturation water content were 50% then its
saturated density and submerged density would,
respectively, be

(@) 1.5g/ccand 1.0g/cc

(b) 2.0g/ccand 1.0 g/cc

(c) 2.25g/ccand 1.25g/cc

(d)

d) 2.50 g/ccand 1.50 g/cc
Q.19 The given figure indicate the weights of different
pycnometers:
5 8= 38 5,
e, E%. E5. E2.
g o= g 2= g*= g § 2
w g c° oD oG
> >+ >0 >
o o o + o

The specific gravity of the solids is given by

W.
(@) :
W, - W,
W, — W,
©) w, =w,) =, —w,)
W2
C
© W; -W,
W, - W,

@, —wp =, -w,)

Q.20 The liquid limit and plastic limit of sample are

Q.21

65% and 29% respectively. The percentage of
the soil fraction with grain size finer than 0.002 mm
is 24. The activity ratio of the soil sample is

(@) 0.50 (b) 1.00

(c) 1.50 (d)y 2.00

In a wet soil mass, air occupies one-sixth of its
volume and water occupies one-third of its
volume. The void ratio of the soil is

(@) 0.25 (b) 05

(c) 1.00 (d) 1.50

Q.22 A soil has mass unit weight y, water content ‘w’

(as ratio). The specific gravity of soil solids = G,
unit weight of water =y ; S the degree of
saturation of the soil is given by

Geotechnical & Foundation Engineering

Properties of Soil 53

@ = 1+w
Y—‘”’(1+W)—l
Y G
(b) Sz%
7(1+W)—5
(C) S= (1+W)
Y—‘”’(1+W)—l
Y G
@ s-— W
Y—W(1+W)——
% wG

Q.23 If asoil sample of weight 0.18 kg having a volume

of 104 m® and dry unit weight of 1600 kg/m? is
mixed with 0.02 kg of water then the water
content in the sample will be

(@) 30% (b) 25%

(c) 20% (d) 15%

Q.24 Match List-I (Terms) with List-Il (Formulae) and

select the correct answer using the codes given
below the lists:

List-I List-
A. Void Ratio 1. W
%
B. Porosity 2. Wy
Ws
. Vi
C. Degree of saturation 3. -~
VV
D. Water content 4, %
VV
5. —~
Vs
Codes:
A B C D
(a) 4 3 5 1
(o) 5 4 3 1
(c) 4 1 5 2
(d)y 5 1 3 2
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Q.25 Which one the following represents relative
density of saturated sand deposit having
moisture content of 25%, if maximum and
minimum void ratio of sand are 0.95 and 0.45
respectively and specific gravity of sand
particles is 2.67
(@) 40%

(c) 60%

(b) 50%
(d) 70%

Q.26 Embankmentfill is to be compacted at a density
of 18 kN/m3. The soil of the borrow area is at a
density of 15 kN/m3. What is the estimated
number of trips of 6 m3 capacity truck for hauling
the soil required for compacting 100 m2fill of the
embankment? (Assume that the soil in the borrow
area and that in the embankment are at the same
moisture content)
(@) 14
(c) 20

Q.27 The property of clays by virtue of which they
regain, if left alone for a time, a part of the
strength lost due to remoulding at unaltered
moisture content, is known as
(a) Thixotropy (b) Sensitivity
(c) Consistency (d) Activity

Q.28 The plastic limit and liquid limit of a soil are 30%
and 42% respectively. The percentage volume
change from liquid limit to dry state is 35% of
the dry volume. Similarly the percentage volume
change from plastic limit to dry state is 22% of
the dry volume. The shrinkage ratio will be nearly
(@) 4.2 (b) 3.1
(c) 22 (dy 1.1

Q.29 The dry unit weight of a soil sample having bulk
unit weight y, and moisture content of w
percent, is

W v, (100 - w)
@ Y5, ® T 100

{ 100 }
(d) Ve 100 + w

Q.30 The density index of soil is given by

wy,
100

()

(@) _Cmax —€ (b) e

€max ~ €min €max ~ €min

e

max

© Cmax € ) emax-e‘2
€max ~ €min €max + Emin

Q.31 A soil of bulk density of 1.8 gm/cm? at a water

content of 5%. If the void ratio remains constant,

then the bulk density for a water content of 10%
will be

(@) 1.98 gm/cm3

(c) 1.88gm/cm?3

(b) 0.80 gm/cm3
(d) 0.70 gm/cm3

Q.32 Hydrometer analysis is based on
(a) Darcy’s law (b) Poiseuille’s law
(c) Stoke’s law (d) Dupuit’'s theory

Q.33 A sample of the soil has following properties :
Liquid limit = 45 %
Plastic limit = 25 %
Shrinkage limit = 17 %
Natural moisture content = 30 %
The consistency index of the soil is

15 12
(a) 20 (b) 20
8 5
(c) %0 (d) %0

Q.34 A pycnometer is used to determine:
(a) water content and voids ratio

(b) specific gravity and dry density

(c) water content and specific gravity

(d) voids ratio and dry density

Q.35 As per the simplified version of Stokes’ law, the
time required to flow for a particle of diameter
0.06 mm through a height of 10 cmis:
(@) 31.8seconds (b) 30.5seconds
(c) 30.0seconds (d) 28.5seconds

Q.36 The minimum water content at which a soil just
begins to crumble, when rolled into threads 3 mm
in diameter is known as the :

(@) shrinkage limit (b) plastic limit
(c) consistency limit (d) liquid limit

Q.37 Ifthe water content of a fully saturated soil mass
is 100 %, then the void ratio of the sample is:
(a) less than specific gravity of soil

(b) equal to specific gravity of soil

(c) greater than specific gravity of soil

(d) independent of specific gravity

-

=



Q.38

Q.39

Q.40

Which of the following statement is correct?
(@ O<ex<1

(b) ecan have avalue greater than 1

(c) e<O

(d) None of the above

Where ‘e’ is void ratio

A soil sample has a shrinkage limit of 20 % and
specific gravity of soil solids is 2.7. The porosity
of the soil at shrinkage limit is

(@ 0.25 (b) 0.35
(c) 0.45 (d)y 0.55
The following data was obtained from a liquid

test conducted on a soil sample

Number of blows 17 22 25 28 34

Water content (%)

63.8 | 63.1 | 61.9 | 60.6 | 60.5

Q.41

Q.42

Q.43

The liquid limit of the soil is

(@) 63.1% (b) 62.8%
(c) 61.9% (d) 60.6%
A soil sample in its natural state has mass of

2.290 kg and a volume of 1.15 x 1073 m3. After
being oven dried, the mass of the sample is
2.035 kg. G, for soil is 2.68. The void ratio of the
natural soil is

(@ 0.40 (b) 0.45
(c) 0.55 (d) 0.53
A given cohesionless soil has e, = 0.85 and

€. = 0.50. In the field, the soil is compacted to
amass density of 1800 kg/m?3 at a water content
of 8%. Take the mass density of water as
1000 kg/m?3 and G, as 2.7. The relative density
(in %) of the sail is
(@) 56.43

(c) 62.87

(b) 60.25
(d) 65.71

By using sieve analysis, the particle size
distribution curve has been plotted for a
particular soil. The coefficient of curvature C,is
given by:

@ =20 o
Dgo * Dyq Deo x Dyg
©) Do (d) D
D50 % Dyg Dso x Dyg
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Q.44

Q.45

Q.46

Q.47
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A soil has 28 g of soil solids, 10 cu cm of
voids, 9 g of water and specific gravity of soil
grains of 2.7 consider the following statements
in this regard:

1. The water content is 29_8 x 100%

10x2.7
28

2. The void ratio is

x 100

o 9
3. Degree of saturation is 10x27
__10x27 _
(28+10x2.7)

Of these statements:
a) 1,2and 3are correct
b) 2,3 and 4 are correct
c) 1,3and 4 are correct
d) 1,2and 4 are correct

4. The porosity is

(
(
(
(

If an unconfined compressive strength of
4 kg/cm?, in the natural state of clay reduces by
four times in the remoulded state, then its
sensitivity will be

(@ 1 (b) 2
(c) 4 (d) 8
For distinguishing clays from silts in the field, a

moist soil is rolled into a thread of 3 mm
diameter. This test will indicate the

a) dilatancy

(
(b) dry strength
(c) wetand manipulated strength
(d) toughness
Consider the following statements:
1. At shrinkage limit, the soil remains fully
saturated.
2. The shear strength of all soils at liquid limit
is the same.
3. The shear strength of all soils at plastic
limit is same.

Which of the above statements is/are correct?
(@) 1,2and 3 (b) 1and2only
(c) 2and 3 only (d) 1only
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STUDENT'S
>ANSWER KEY / ASSIGNMENT |

1. (¢ 2. (a) 3. (b) 4. (¢) 5. (a)
6. (c) 7. () 8. (d) 9. (b) 10. (a)
11. (¢) 12 (b) 13. (b) 14. (0) 15. ()
16. (d) 17. (c) 18. (c) 19. (d) 20. (c)
21. () 22. (b) 23. (b) 24. (d) 25, (o)
26. (c) 27. (a) 28. (d) 29. (d) 30. (a)

31. (c) 32. (¢) 33. (a) 34. (¢) 35. (b)
36. (b) 37.(b) 38.(b) 39. (b) 40. (c)
41. (d) 42.(d) 43.(d) 44. (d) 45. ()
46. (d) 47. (b)

UPPSC-AE

>HINTS & SOLUTIONS / , STUDENTS |

1. &

G, (1+w
r= S1(+e )YW
For dry soil, w=20
Gs¥w
T e
and for submerged condition
Ysuo = Ysal = Yw
Gy -1
1+e "
Thus,

Ysat >Y> Ychy > Ysub

[ 2. [B)
Ip

Activity of clay = %clay

Higher the plasticity index, higher is the activity.

3. [O)

€max ~ Enat
As we know, R, =
D €max ~ Emin
Given, e, — €, = 0.30
and R, = 0.666
€., = 0.40
_ Cmax -0.40
Then, 0.666 = T 030

= €, = 0.1948 +0.40
= €, = 0.5998~0.6

[ 4. |G

G, -es
g= ( j ) w
+e
and es = wG,
G, (1+w
- 9= S1(+e )YW
5. [&)
Hydraulic gradient (i)
_G-1
T ve

[ 6. [G

Plasticity index of sand is ‘0’.

(0

Below the shrinkage limit of soil, there is no change
in volume.

[ 8. [Q)

. Volume of voids
Porosity = “Total volume
oW w1
T V+V, 2V,+V, 3
= 33.33%
[ 9. [
w = 40%
y=1.88
Yoy = 1.74
Since soil is fully saturated,
At w = 40%
Thus, es = WG,
= ex1 = 0.4 G,
= e=0.4G,
GoYw
and Y, = Tie
G, + e
and V= e Yw
G, +0.4G,
= 188 = S gag. < MMw

= 1.88(1+0.4G,) = 1.4 G,
= G. = 2.901

S
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[10. [B)

%
The volume of solids Vg = e will not change

even after mixing.

The solids in soil A—i—m3
€ SOllds In sol = 1+O.5_
7

1 3
i i 1 R —1
e SO“dS | SO|| B - 1 7 =

(%
porosity 1= Vv

Soil | Solids | Void
A. 1 0.5
B. 1 0.7

Mix 2 1.2
Thus the porosity of mix = 32-1-1
3.2
= § =0.375
8

(11 ]G

If the test specimen is harder than the standard
rubber less number of blows will fill the groove
for a given water content. In other words 25
number of blows will be required at less water
content. So liquid limit and thereby plasticity
index will be less. There will be no effect on
flow index (1)

1
. p .
Toughness index = 7 will also be less.
f

12.[0)

w
Water content w = —%x 100
WS

Total weight W = (i + 1) W,

100
Weight of solids in soil A
Ws, = % =500gm, W,, =500 gm
Weight of solid in solid B
Wie = 1000 _ 666.7.gm, W,z = 333.3gm

1.5

In mixed soil
W,, =8.33.3gm
Wg =1166.7 gm
833.3

1166.7

Alternate Solution:
Since weight of solids will be same,

W = x100=71%

Thus, W, =710 =0.5kg

Thus weight of water in mixed soil
2

=2 —(§+ O.5J =0.833 kg

Height of solids in mixed sail

= §+O.5:1.167kg

W, 0.833
w1002 9838 002 71%
Thus, W=7, 11679

Relative density D, = —max—%_ 5100

€max ~ €min
= 12210 1002 25%
12-04
3 ©
Natural W/C = 0.30
e .. =095
e, = 0.40
G, =27
R - Mxmo
b~ €max ~ €min
and e, = WG,

exL=03x27
e = 0.81
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