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CHAPTER

Properties of Soils

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 of some solid (soil grains), some liquid (pore water) and some gas (pore air).
The proportion of these phases affects the properties of soil.

2.2 PHASE DIAGRAM

e Soil mass, in general is a three phase system composed of solid, liquid and gaseous phase.

e Different phases present in soil mass cannot be separated. For better understanding, all three
constituents are assumed to occupy separate spaces as shown in figure below.

Water
T 1 R T 1
Weight of Air Volume of air »
S air=0 =V, o >
S
. L
- f G
_‘§) Weight of [= Volume of o S
L Air g water = W, = water = V,, g S
5 - ; S 3
ls) i ~...~‘0. ........ '.' 3
Soil F Weightof | .. .| Volume of =
> =0 solid = W, |2~ <. solid =V,
solids ERARS RASRALRAY

Fig. Three Phase diagram

e In phase diagrams, the weight of air is negligible as compared to soil solid and water and is thus
assumed to be zero.

e The diagrammatic representation of the different phases in a soil mass is called the ‘phase diagram’,
or ‘block diagram’.

e Athree-phase diagram is applicable for a partially saturated soil (0 < S< 1)

e When all the voids are filled with water, the sample becomes saturated and thus the gaseous phase
is absent; whereas, in oven dry soil sample the liquid phase is absent. Thus, in saturated and oven
dry soils, the three phase system reduces to two phase system.
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Ws | %% Soil solid
(a) Water and soil solids (b) Air and soil solids
(Fully saturated soil, S = 1) (Oven dry soil, S = 0)

Fig. Two Phase diagram

2.3 BASIC DEFINITIONS

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

W=Ww; w =0

S

e |tis generally represented 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 There is no upper limit for water content. It can be greater than 100%.

1. Fine-grained soils have higher values of natural moisture content as compared to
coarse-grained soils.
2. There are four possible forms of water present in soil:
(i) Gravity water (free water): Added due to rain or flooding
(i) Capillary water : Extracted through capillary action
(iiiy Hygroscopic water : Water absorbed by oven dried sample when it is placed
in open atmosphere
(iv) Structural water : Water bounded in crystalline structure of sail
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.
4. Water content can also be represented in terms of total weight of soil mass.

weight of water

r_ , : x 100
W' = Total weight of soil mass
w’ = m><1OO = %xmo
1% M

Range of w”is 0< w’ < 100%
If we consider w” =100%, i.e., W,, = W which is not possible in soil mass,
hence, w’ # 100%.

MRDE ERSY www.madeeasypublications.org Solve;{ hﬁﬁﬁmfi CE
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Relationship between w and w’:
W, W, W, 1

W W, W W il
WW[1+VI/|,V 1+W

’

w' =

’

= =—— ©

= r =
1+w Ve ITw
Total weight of soil mass changes with change in weight of water. Hence engineering
significance of ‘w’ is more than w' because solids are stable quantity.

2.3.2 Void Ratio (e)

e Thevoidratio () of soilis defined as the ratio of the total volume of voids(V, ) to the volume of sail (Vs).

e |tis generally expressed in decimal.
e Ingeneral e> 0, i.e. no upper limit for void ratio.
e Void ratio of fine grained soils is generally higher than that of coarse grained soils.

w
[
o
z

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.

2.3.3 Porosity (n)
The porosity (n) of a soil is defined as the ratio of volume of voids(V,) to the volume of soil (V).
n=M% x 100%
%
e |tis generally expressed in percentage.
In porosity, total volume of soil is used which includes volume of voids. Hence porosity (n) of

soil cannot exceed 100%.
e The range of porosity is 0 < n < 100%.

Void ratio (€) and porosity (n) both have same significance but void ratio (e) 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.

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

v,
S = % x100
4

v

e |tis generally expressed in percentage.
For dry soil, S = 0% and for fully saturated soil, S = 100%, whereas partially saturated soil

has 0 < S< 100%.

MRDE ERSYH www.madeeasypublications.org 301veg hg?(gn‘glig; CE
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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 addition of water
beyond saturation, then volume of void and total volume increases. Hence void ratio will
change but degree of saturation remains constant equal to 100%.

2.3.5 AirContent (a)
e |tis defined as the ratio of the volume of air (V) to the total volume of voids (V,) present in soil.

A
c V
v
where, V_ = volume of air in voids

<
Il

volume of voids
e |tis expressed in percentage.

(i) Fordry condition: S= 0% and a_, = 100%
(if) For saturated condition : S= 100% and a, = 0%
(iii) For partially saturated condition : 0 < S < 100% and 0 < a, < 100%.

Relationship between Sand a,

S V—W:VV_Va:1——:1—aC
VV VV VV

a,+S =1

2.3.6 Percentage AirVoids (n )
e Percentage air voids (n,) is defined as the ratio of volume of air (V,) to the total volume of soil
mass (V).
n, = Ve x 100
%
e |tis generally expressed in percentage.
Relation between n, and a,

poo Ve e W W Ve
a—y VoV vy,
na=nxac

2.3.7 UnitWeights
(a) Bulk Unit Weight (y, or y, or y)
e |tis the ratio of total weight of soil to the total volume of soil mass.
YW W, +W,

Yo VoV 4V, +V,

. kKN kof
e |tis generaly expressed as = or povc
MRDE ERSY www.madeeasypublications.org Solve:{ hﬁiﬁﬂfi CE
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e Bulk density is defined as the ratio of total soil mass to the total volume.
M Mg +M,

b= TV, Y,

: kg
e |tis generally expressed as P or g,

(b) Dry Unit Weight (y,)
e |tis the ratio of total dry weight of soil to the total volume of soil mass.

_ Dry weight of soil _ Wey
4 Total volume v

e Dry unit weight is used as a measure of denseness of soil. If dry unit weight value is more,
it means the soil is more dense or compacted for same type of soil solids.

Dry density is defined as the ratio of total dry mass to the total volume.

- M_My

P
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

Ysat = V

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

M, t
Psat = \ja
e |f the exiting condition is dry, then its bulk unit weight will be same as of its dry unit
weight.
IfS=0,v, = vq

e |f the existing condition is fully saturated then its bulk unit weight will be same as of
its saturated unit weight.
If S=100%, v, = Yoy

(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.
Y/ _ Wsub

= ="
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.
W, Wsat _VYW _ Wsat _VYW

r sub  _ —

Y = T = v v vV =Vsat = Yw
e y’isroughly half of saturated unit weight (y,,)

MRDE ERSYH www.madeeasypublications.org 301veg hﬁ?ﬁnﬁi CE
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e Submerged density or buoyant density is defined as the total mass of soil submerged

[i0)
oy to the total volume of soil mass, p” = p_,, - p,,
g e Soil in submerged condition will be in saturated condition also, but soil in saturated
condition need not to be in submerged condition.
e Soil mass below the water table is saturated as well as submerged but soil mass in
capillary zone is in saturated condition only.
(e) Unit Weight of Water (y,)
e |tisthe ratio of weight of water to the volume occupied by the water
_ W
YW - VW
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?3 or 1g/cc for soil conditions.
. . kN _ kof
e ltis expressedin — 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 kof
* ltisexpressedin —5 or is
m cm
,E Order of unit weight of soil.
o
= 551 Vo> Yar > V> Vg >V

2.3.8 True/absolute Specific Gravity (Gor 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
Gor G, = We _ Yo {.'vs=73}
VSYW YW S
e The specific gravity of most of the inorganic soils lies in the range of 2.65 to 2.80.

e For organic soils, it lies in the range of 1.2 to 1.40.

g [G]fine grained > [G]coarse grained
z|=

- Fine grained soil contains Al®*, Fe, mg in clay minerals.

2.3.9 Apparent or Mass Specific Gravity (G )

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

MRDE ERSY www.madeeasypublications.org Solve:{ hﬁﬁﬁﬂfi CE
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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.

G, = bt
VYo Y
If soil is in saturated state,
Y sat
G — Sa
Ty
If soil is in dry state,
Yd
G, =-<
Ty

e Generally, specific gravity is represented either at 27°C or at 20°C. If test temperature

REMEMBER is different than the standard temperature, then correction has to be done as follows—
G = Js
Yw
Gxy, = constant
= Gorec XYy = G XV, 1ec
Yw,TeC
GZ7OC = G]’oc X
Yw,27°C

2.4 SOME IMPORTANT RELATIONSHIPS

2.4.1 Relation between W, W _and w
From block diagram,
W=W,+W,+ W,
W=W,+W,+0 (- W,=0)

W v
W= W, 1+ %
[ 7) .
W= W(1+w) (. Water content, w = m) v 22 5ol sold
- 5 . » = VVS v e e Tl _+_ 1]
w Fig. Three phase diagram
Wy= —
1+w
24.2 Relation betweeneandn
v
We k P it L/ A Ve
e know, orosity, n = v _Vs+VV = [VVJ
1+ -~
VS
R ho & e
T 1+e : V,
or e= .
T 1-n
MBDE ERSY www.madeeasypublications.org Theory with CE
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243 Relation betweene, S, wand G,
We know,
Void ratio, e = W
VS
AlSO, e = ﬁ:ﬁxv_wz_vxww/yw =£.WW.GSYW =1WGS
VS VW V VW WS /YS VW Ws YW S
WG,
°=7s
or Se = wG,
2.44 Relation betweeny,, G, e,wandy,,
W; 1+%
W W, +W, W
Y = — = =
CV el VS(1+‘QJ
Vs
W, W, Y _
But WV:=W and ijysz SyWandVS—e
- Gsyw (1+w) _ vw (Gs +wGs)
t 1+e 1+e
But WG, = S,
G, + Se
Y = 1re Yw
Special Case (a): If soil is saturated, then
Vi = Yeur and S=1
G, +1xe
Ysat = 1+e YW
G, +e
Ysat = 1+e YW
Special Case (b): If soil is dry, then
Y=Yy and S=0
G, +0xe
Yg = T 1re Yw
GsYyw
TaT Jre
Special Case (c): If soil is submerged, then
, G, +e
Y = Year = Yu = m Yo = Yw
G, -1
Y= ( 1S+ e ij
MRDE ERSY www.madeeasypublications.org Solve;{ hﬁﬁﬁmfi CE
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2.4.5 Relation betweeny,, y,andw

W W+ W,
LY
W+ W, W) W,
— Yt
Yo T+w
2.4.6 Relationbetweeny, G ,wandn,
V=V, +V +V,
v, Vv, V %
1= 84w ’a _ 5S4 W,un
viviy Ty Tyt
R AT AL [ v =)
a v v % v Yw
Mg WY, | Yo Wig Y_d(wiJ
GSYW V GS YW YW YW GS
(1-n3)Gs Yw
Ya= 1+ wG,
Special Case (a): When n, = 0, then soil become fully saturated at a given water content
Gs Y
Hence Yo = 7 WG,
G, +e
or Yeat = 1+ e Yw
2.4.7 Relation betweenSs,w, G, y,andy,
G, + Se
= Trre JYw
Yo (GS+Se) _LGS+WGS
YW B 1+e 1+ WGS
S
(1+ WGSJ _ GsYu A+ w)
S Yi
1 ( WGS) Y
— | 1+—| = Z(1+w)
Gs S Yy
l+ﬂ = y—W(1+W)
Gs S Y[
or S = R w 3
1+ w) - —
t Gq
MRDE ERSYH www.madeeasypublications.org Theory with | &g
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2.4.8 Relation betweene, V.andV,

MRDE ERSYH

Y
e = VS
1+e= 1+7-
S
s+ Vs _ Vo
1+e= \/S \/S
_
s 1+e
w 1. W, = i 2. n=_——ore= ——
= 1+w 1 -n
(o)
< 3. Se =wG 4 Yr—(G+Sej w
1+e
G+e Gy
S Yo =(1+e)YW 6. ¥q= 1+g
; G-1 (1-n,)Gy
- =(1+6)YW 8 ¥g= 1+aWGW
Yi Y
9. v, = 10. S=
I Y—W(1+W)—l
Yi G
Vi
1.V, “Tie 12. n,=n. a,
13. S+a, =1
Example 2.1 A soil sampler of volume 1000 cm? is used to collect soil samples It was

found that sampler contain 2 kg soil with dry unit weight of 1800 kg/m3. If 300 g water is mixed to the soil,
then what will b the water content of the sample?

Solution:

v, = 1800 kg/m?

Dry weight of soil (weight of soil solids),

W, = Vxy,
= 1000 x 1076 x 1800 = 1.8 kg

But actual weight of sample, W= 2kg

Weight of water before mixing additional water,
WW1 =W-W,=2-18=02kg
After mixing 300 g of water, the total weight of water would be

www.madeeasypublications.org Theory with | &

Solved Examples



MRDE ERSY

W, =02+03=05kg

Soil Mechanics and Foundation Engineering
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w 0.5
Thus, water content, W= —2%x100 = — x100= 27.8%
W, 1.8
Example 2.2 Consider the following statements in relation to the given sketch:
Volume (cc) Weight (g)

0.2 Air 0

0.3 Water 0.3

05 Solids 1.0

1. Soil is partially saturated at degree of saturation = 60%
2. Void ratio = 40%

3. Water content = 30%

4. Saturated unit weight = 1.5 g/cc

Which of these statements are correct?

(a) 1, 2 and 3 (b) 1, 3 and 4
(c) 2, 3and 4 (d) 1,2 and 4
Ans. (b)
. A _ 03 400-60%

1. Degree of saturation, S = vawo =(03+02) °
2. Voidratio, e= K—V=MX1OO=1OO%

S

0.3
3. Water content, W= %MOO = ——x100 = 30%
S
. . G+ Se
4. Saturated unitweight, y,,, = ( S ij
G= Y_Sz(WS/VSJ =(1/0'5) =2
Yw Yw 1
24+ 1x1 3
Voar = 1===15
sat ( 11 jx > glcc
Example 2.3 An oven dry soil has mass specific gravity of 1.5 g/cc. If bulk density of soil in
its natural state is 2.0 g/cc, then the water content of soil in natural state will be

(a) 50% (b) 25%
(c) 100% (d) 33.33%
Ans. (d)

For oven dry soil,

Mass specific gravity,

G = Yo _q5

m Yy
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v, = 1.5g/cc
Given, bulk density, Y, = 2.0g/cc
; Yi
Using, = It
9 Ya= Tiw
15 = 20
1+w
2.0
= ——-1=33.33%
=15

Hence option (d) is correct.

Example 2.4 Consider the phase diagram of the soil given below:

The soil is completely saturated

The specific gravity of soil solids is 2.6 (take unit weight
of water as 10 kN/m3).

Match List-1 (Physical properties of soil) with List-II
(Corresponding values) and select the correct answer using
the codes given below.

List-I List-II
1. Water content A. 0.34
2. Void ratio B. 0.52
3. Porosity C. 20.53
4. Saturated density D. 20%
Codes:
1 2 3 4
(a) A C B D
(b) B A D C
(c) C A B D
(d)y D B A C
Ans. (d)
1. Water content, W= i x100 = QMOO 20%
W, 100
G 02x26
2. Void ratio, e= Wa _2eXe0 52
S 1
3. Porosity, n= -2 - 0.52 =0.34
1+e 1+0.52
G+ Se
4. Wek =
e know, Y ( Tre jYW
. G+1xe
For saturated density, Yoat = ( e j
(26”’52) %10 = 20.53 kN/m?
0.52
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Q.

Q.2

Q.3

OBJECTIVE
BRAIN TEASERS

In its natural condition, a soil sample has a mass
of 2290 gm and a volume of 1.15 x 1078 m3.
After being completely dried in an oven, the mass
of the sample is 2035 gm. The value of G for the
soil is 2.68. Match List-I (Property) with List-II
(Values) and select the correct answer using the
codes given below:

List-1 List-11
A . Void ratio 1. 0510
B. Porosity 2. 0.337
C. Degree of saturation 3. 0.657
D. Aircontent 4. 0.343
Codes:
A B C D
@ 1 3 2 4
(b)y 1 2 3 4
) 2 4 3 1
d 4 3 2 1

A mass of soil coated with a thin layer of paraffin
wax weighs 700 gm and soil alone weighs
650 gm. When soil sample is immersed in water
it displaces 400 mL of water. The specific gravity
of soil is 2.65 and that of wax is 0.9 and water
content is 20%, p,, = 1000 kg/m3. Void ratio of
soil is

(@) 0.81
(c) 0.73

(b) 0.59
(d) 0.69

Sieve analysis is done on a soil sample and
following observation were made:

Size of sieve | % Retained
4.75 mm 36
75 micron 90

Size of particle for which 60% particles are finer
=5mm

Size of particle for which 30% particles are finer
=3 mm

Size of particle for which 10% particles are finer
=1mm

On further testing the finer particles, it was found
that:

Soil Mechanics and Foundation Engineering

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

79

Properties of Soils

Liquid limit = 50%
Plastic limit = 35%
Based on the above information, according to
Indian soil classification system, the soil is
(@) SW-SC (b) SP — SM
(c) GW-GC (d) None of these

A soil sample has a void ratio of 0.75, moisture
content = 15%, G, = 2.6 and y,, = 9.81 kN/m3.
The amount of water (in kN) required to be added
per m3 to make it saturated is kN.

An embankment having a volume 200000 m? is
to be constructed at a void ratio of 0.6.

The soil is required to be excavated from a pit
having a natural deposit void ratio of 1.0.
Estimate the volume of excavated soil from the
borrow pit in m2.
(a) 160000 m®
(c) 200000 m®

(b) 100000 m3
(d) 250000 m3

The mass specific gravity of a fully saturated
specimen of clay having a water content of 35%
is 1.90. On oven drying, the mass specific gravity
drops to 1.75. The specific gravity of clay particles
and the shrinkage limit are respectively

(a) 2.65and21% (b) 2.77 and 21%

(c) 2.77 and 28% (d) 2.65and 28%

A clayey soil has saturated moisture content of
18%. The saturation percentage is 70%. The sail
is allowed to absorb water and saturation
increased to 92% after some time. Assuming
specific gravity of soil to be 2.72, the water
content of soil is latter case is

(@) 20.26 (b) 23.66

(c) 21.24 (d) 25.61

A dry soil has mass specific gravity of 1.42. If
the specific gravity of soil solids is 2.6, then the
void ratio will be

A sample of saturated clay has a porosity of
0.562. The void ratio of the clay is

Q.10 The pavement of a road is to be laid on a base

course 500 mm thick. The base course has void
ratio of 60% and degree of saturation, 50%. The

MRDE ERSYH

www.madeeasypublications.org

Theory with
Solved Examples

CE



Civil
80 Engineering

amount of rainfall needed to fully saturate the
base course is
(@ 93.75mm

(c) 130.20mm

(b) 60.15mm
(d) 150 mm

Q.11 Consider the following statements in relation to
the given table

Component | Volume (cmd) Weight (g)
Air 0.1 0.0
Water 0.3 0.3
Solids 0.6 1.50

Which of the following statements are
CORRECT?
1. Soil is partially saturated at degree of
saturation = 50%
2. Void ratio = 66.7%
3. If G=2.65, water content = 18.87%
(@) 1and 2 (b) 2and 3
(c) 1and 3 (d) 3only

Q.12 In a wet soil mass, air occupies one eighth of its
volume and water occupies one third of its
volume. The void ratio and the air content of the
soil are respectively:
(a) 54% and 50%
(c) 60% and 25.0%

(b) 54% and 27.27%
(d) 85% and 27.27%

Q.13 A saturated soil sample has a volume of 26
cm? at liquid limit. The shrinkage limit and liquid
limit are 18% and 40% respectively. The specific
gravity of solids is 2.6 and unit weight of water

is 10 kKN/m83.
The minimum volume which can be attained by
the soil is cms.

Q.14 Anembankment having a volume 200000 m3is
to be constructed at a void ratio of 0.6. The soil
is required to be excavated from a pit having a
natural void ratio of 1.0. Estimate the volume of
excavated soil from the borrow pit in m3.
(a) 160000 m?3 (b) 100000 M3
(c) 300000 m?3 (d) 250000 m?

Q.15 Withthe increased value of plasticity index of a
soil, the quantity of lime required for its
stabilisation will

MRDE ERSYH

increase

(b) decrease

sometimes increase and sometimes
decrease

(d) remain unaffected

®

©

Q.16 A sample of saturated clay has a porosity of
0.562. The void ratio of the clay is

Q.17 The insitu void ratio of a granular soil deposit is
0.55. The maximum and minimum void ratios
obtained for the same soil in the laboratory are
0.65 and 0.45 respectively. If specific gravity
of solids is 2.67, then the relative density will
be %.

Q.18 The mass of a saturated soil sample is 150g
and its mass when oven dried is 90 g. The water
content of the soilsampleis____ %.

Q.19 If w, = Liquid limit, w, = Plastic limit, I, =
Plasticity index, w = natural moisture content,
then consistency index for a clayey soil (/) will

be
w, —w w-=w
@ ~ 0~
€ w, —wp (d) 0.5w

Q.20 Assertion (A): A compacted abutment of
volume 250000 m? is to be made from a soil
taken from a borrow pit whose void ratio is 0.8.
Void ratio in abutment is 0.6. Volume of soil taken
from borrow pit is 281250 m3.

Reason (R): In both the volume of soil have
equal number of solids.
Codes:
(a) Both AandR are true and R is the correct
explanation of A
(b) Both A and R are true but R is not the
correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true

Q.21 Assertion (A): In oven drying method, for soils
containing significant amount of organic matter,
a temperature range of 60°C - 80°C is
recommended.
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Reason (R): At higher temperature, organic
matter in the soil tends to get oxidized.
Codes:
(a) Both AandR are true and R is the correct
explanation of A
(o) Both A and R are true but R is not the
correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true

ANSWER KEY

1. (b) 2. (d) 3.(d) 4.(2.02)
5. (d) 6. (b) 7.(b) 8.(b)
9. (1.283) 10. (a) 11.(b) 12. (d)
13. (18.7) 14. (d) 15. (a) 16. (1.28)
17. (50) 18. (66.67) 19. (a) 20. (a)
21. (a)

—

HINTS & EXPLANATIONS

(b)

Mass of the soil solid,

mg = 2290 gm
Mass of dry soil
m, = 2035gm
Specific gravity
G =268
Volume, V =115x 1038 m3
.. Density of dry soil
2035x107°
Ta = J15x10°
= 1769.565 kg/m?3
Gy,
W= Tre
= 1760565 = 2681000
1+e
= e = 0.51

.. Void ratio, e = 0.51

Porosity =~ n = ——— =0.338
1+e
Water content
.
Mgy
_ 2290-2035 _0.125
2035
— m
d 1+w
= 2035 = 2290
1+ w
= w = 0.125
: wG = eS
0.125x2.68
0.51
= S = 0.657
.. Degree of saturation = 0.657
Air content, =1-S
=1-0.657
= 0.343

(d)
M, = 700 -650 =50 gm

wax

Yyax = 0.9 x 1=0.9 gm/cc
Vw = V1 + Vwax
M
V, =V, -V, =400 - —*&

wax

50
V, =400~ oo = 344.4mL

9
p = % = 33% =1.89 gm/cc
Py = ﬁ = % =1.57 gm/cc
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157 = 65 x
1+e
e =0.69

(d)

% retained on 75 micron sieve is 90%
Soil is coarse
% Gravel = 36
% Sand = 90 — 36 = 54
More than half of coarse fraction is sand

Dgp = 5 mm

Dy, = 3mMm

Dy =1mm

C,= %—5<6
Dy 1

Finer analysis: It is poorly graded

I, = Liquid limit — Plastic limit
50-35=15%

A-line, I, = 0.73 (w_-20)
0.73(50-20)=21.9

This will lie above A-line, therefore, it is clay.
Soil is SP - SC.

(2.02)

G+e

We know thaty,,,= Tie Yw
2.60+0.75

= Yeur = (W}@-m =18.78

kN/m3
wG

we know, e = 5
wG

= S e
0.15x2.6

= S = o075 - 52
G+eS

Also, Y= qre Yw

MRDE ERSYH

26+0.75x0.52
_ 81
= Y ( 14075 jx98
= v = 16.76 KN/m?

So water to be added in 1 m3 of soil to make it
saturated is
Yoo =Y = 18.78-16.76

2.02 kN

(d)

Let V, and V, are the volumes of embankments
and pit and e, and e, are their void ratios, V,
and V,, are the volumes of their soil solids.

V V
e, =\/L1:1+e1:1+\/—"1
S St
V., +V,
= 1+e = S L
v,
¥ Y
= e = V_:>VS‘=1+e
S 1
V.
Similarly, Ve, = 1+Qe
2
y v, 200000 200000
ST 1+g, 1406 1.6
and VSZ = V2 = V2 :i

V, =V,
200000 V.

= 16 20

= V, = 250000 m?

(b)
For fully saturated soil S = 1
We know that,e = wG=0.35G

v G+eS
Also, Y. = 1+e
G+e
= 19 =
1+e
Since, e =035G
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Since volume of solids are constant

Vborrowpit _ Vabutment _ 250000

1+ ey 1+e, 1+06
250000 x 1.8 5
Vborrowpit = T =281250m

4 CONVENTIONAL BRAIN TEASERS
\ /

Q.1 A clayey soil has saturated moisture content of 15.8%. The specific gravity is 2.72. Its saturation percentage
is 70.8%. The soil is allowed to absorb water. After some time, the saturation increased to 90.8%. Find
the water content of the soil in the later case.

Solution:
G = 272,5=708,w=158%
T T Air
Air
VV
Vs |
i .
(a)casel (b) case 11
In Case I,
wG 0.158x2.72
Void ratio, e = —=——T——=0.607
S 0.708
Since degree of saturation is within 0 < S < 100%. Hence volume of void remain same.
e = &
w = 0.908<0.607 =0.2036 or 20.26%
2.72

Q.2 A cohesive soils yields maximum dry density of 1.8 g/cc at an optimum moisture content of 16%. If
G, = 2.65, then find the degree of saturation. Also determine the maximum dry density which can be
possible to achieved.

Solution:
Given, Py max = 1.80lcc
w = 16 %or0.16
G = 265
G|
We know, Py = %
MRDE ERSY www.madeeasypublications.org Theory with | &
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Q.3

Q.4

Properties of Soils

2.65x1

- —1=0.472
e 18
Also, Se = wG
5 = WG_016x265 1 oogsore083%
e 0472

Theoritical maximum dry density will be achieved when all the air present in the voids escaped out. i.e.
all voids are just filled by water only.
.. For condition of theoritical maximum dry density,

S = 100%or 1

Se = wG
o - W_G:O.16><2.6£5:Q424
S 1
iy . , Gp,, 2.65x1
= Theoritical maximum density, — p, .., = Tre = 170424 =1.86 g/cc

You are a project engineer on a large dam project that has a volume of 800,000 m? of selected fill,
compacted such that the final void ratio in the dam is 0.80. The project manager delegates to you the
important decision of buying the earth fill from one of the three suppliers. Which one of the three suppliers
is the most economical and how much will you save.

Supplier A sells fill at ¥ 5 per m®  with e=150

Supplier B sells fill at ¥ 10 per m3 with e=0.20

Supplier C sells fill at ¥ 12 per m3 with e=1.60

Solution:

Without considering void ratio, it would appear that supplier A is cheaper than B by ¥ 5 per mq.

Volume of solid needed for dam site, V_ = % = %

Volume of soil required to be taken out from suppliers,
Supplier A, V, Vo (1 + e) =4444,44 (1 +150)=1,111,110m?

= 444,444 m3

Supplier B, Vg = V(1+e) =444,444 (1 +0.2) = 544,442 m3
Supplier C, Ve = V(1 +e)=444,444(1+1.6) = 1155, 555 m?3
Cost of bills,

Supplier A, A = 1,111,110 x 5 =3 5,555,550

Supplier B, B = 583,332 x 10 =¥ 5,333,320

Supplier C, C = 1155555 x 12 = ¥ 13,866,660

Therefore supplier Bis more economical, and we save
= ¥5,555,550 - ¥5,333,320 =% 222,230

The fines fraction of a soil to be used for a highway near Hapur was subjected to a hydrometer analysis

be placing 25 g of dry soil in 100 m/ solution of water (uw = 0.01 poise at 20°c). The specific gravity of the

solid was 2.65.

(a) Estimate the maximum diameter D of the particle found at a depth of 5 cm after a sedimentation
of 4 hour has elapsed, if the solution’s concentration has reduced to 2 g/lit at the level.

(b) What % of the sample would have a diameter smaller than D?
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