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Example 1: A sample of soil obtained from a test
pit 1s one cubic foot in vol-ume and weighs 140 Ib.
Calculate the water content, wet unit weight, and
dry unit weight.
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Solution :
Air
W = 140 Ib
V=10f8 | o
soil W, =1251b
weight of water =W_=140-125-151b
weight of dry soil =W_ =125 1b

total volume of sample =V = 1.0 f?
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W 140..1p

wet unit weight = y__ = - 140pct
it
dry unit weight = vy, = V\V/S = 1123..11) =125...pcf
S
water content = w = - . 012-12%
W, 125..1b
ey
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Example 2 : Determine the wet density, dry unit

weight, void ratio, water con-tent, and degree of
saturation for a sample of moist soil which has a
mass of 18.18 kg and occupies a total volume of
0.009 m>. When dried in an oven. the dry mass is

16.13 kg. The specific gravity of the soil solids 1s
2.70.

D9
IEaining
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e

Solution :
ry Air W=I401H %
M = I8.1 8ko Hater
Mo =I125Ih
M= 16_13ke "
I saif
: M 18.8kg 3
wet density,p =— = 7 =2020kg/m
0.009m
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lgm/cc

(16.13kg) (
W = M (Yw/Pw) . lgm/cc

\Y \Y 0.009m"”

)

dry umit weight, y,, =

= 1818 kg/m? = 1.82 gm/cm’
= (1.82 gm/cm? )x (9.81 N/m?)
=17.85 kN/m’

'S (18.18—16.13)kg/m’
0:

— L 100% =12.7%
S - g/m

IEaining

water content , 0,
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e

V, 0.0031m°

void ratio, e= = ==0.53
V.  0.0059m
[where] Vs = =
Gspy
. 16.13kg
5 3
(2.70)(1.0 =7 x10° “ x0.001kg/gm)
Ccm m
- 16'13kgk ~ 0.0059m’
2.70x10° ~=
m it
IBaGning
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and V. V.V,
= 0.009 m? — 0.0059 m?
=0.0031 m®

wG,  (0.127)(2.70)
E = @)

x100% = 64.7%

Degree of saturation, S % =

5 guaial) daala de i3 kg A9 ASY) axdatl) Baa g



Example 3 : A 150 - cc sample of wet soil scales

250 g when 100 percent saturated. It 1s oven-dried
and found to weigh 162 g. Calculate the dry unit
weight (really density, since gram units are used),
water content, void ratio, and G, .

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



_----"'""f'— =

Solution :

¥ V=150cc ¥ z
W
PR | weakog
soll ¥
W 2 162¢
W, l62g .
= = =1.08
Vay v 150cm’ cm’
b/t
— (1.08¢ / cm3) (62.4] 62422 _| = 67.5pcf
g/cm” |

'
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Be o2 1008 g 4 cis0r

W =

v W.  50:-167¢ .

Gyvyw (1.0)(1.0g/cm?)

for this problem, since for 100% saturation all
voids are filled with water
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V¢=V.:=V,=150 cm? - 88 cm? = 62 cm’

3
- 88‘““3 )
V, 62cm
. g a5y

Vo (62cm®)(1.0g/cm’)

-
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Example 4 : Laboratory test data on a sample of

saturated soil show that the void ratio 1s 0.45 and
the specific gravity of soil solids 1s 2-65 . For
these conditions, deter-mine the wet unit weight of

the soil and its water content.
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e

Solution :
Tnar & A Vu=V=aV
W Water Yy=V=g¥s
w, + ¥ Vg =10 (assumed)
Soil

This sample 1s saturated; thus all voids are filled
with water.

e :&: 0.45
VS

IEaining
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L e

But V,, and V¢ are not known. On the block
diagram, assume that V¢ 1s unity. Therefore:

Vo=V, +e V. =1.0+045 =145

As a result,
W.=V_ G, v, =(1.0)(2.65)(62.4 pct) = 165 Ib

And
W, =V_ v, =045t )(62.4 pcf) =28 Ib

IEaining
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from which
W, =W . +W_ =1651b+281b=1931Ib

ou = T =2 =133 pef
N O
281
Wzmz - =0.17 =17 peresent
W, 1651b
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Example 5 : An undisturbed, one-cubic-foot
volume of' soil obtained from a test pit found to
have a wet weight of 103.2 Ib. The dry weight of
the sample 1s 84.5 Ib. What would be the effective
unit weight of such a soil 1f it were submerged
below the ground water table ? The specific
gravity of the soil 1s determined to be 2.70. The
effective submerged weight i1s approximately.

5 paiall daala de) 3 auls SO addadl) ang D
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Solution :

e = %ywet = %(1 03.2 pcf) =~ 52 pct

An accurate determination 1s as follows :

v W, 84.51b 0,50 3

" Gy,  (2.70)(62.4 pef)

Vy =V -V, =1.0ft* - 0.50 ft’ = 0.50 ft?
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e = — =1.00
V. 0.50
G. -1
ysub:( > )yw
l+¢
- (2'70 _1) (62.4pfc) = 53.2pfc
1+1.0

5 guaial) daala de i3 kg A9 ASY) axdatl) Baa g



or submerged weight,
W, = Vv, (Gg— G, )= (0.50) (62.4 pct) (1.70)
=53.21b

and for a volume of one cubic foot

W, 5 0h

sub

V.  1.0pcf

Yo = =532 pct

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Example 6 : Assume that a one-cubic-foot
volume of soil similar lo the soil from the
preceding illustration 1s excavated from a location
below the water table. The soil is now 100 percent
saturated. What saturated weight would be

expected ?

Solution :

Ysub — Ysat = Vw
Y. =y =557 pet+ 624 pel— 1156 pet

D9
IEaining
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Example 7 a : for a soil in natural state, given
e =0.8, w=24%. and Gs =2.68.

a) Determine the moist unit weight, dry unit
weight, and degree of saturation.

b) If the soil is made completely saturated by
adding water, what would its moisture content be
at that time ? Also find the saturated unit weight.

D9
IEaining
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Solution Part (a) :

Wy = nyy

I

Water

We=G ¥ (1-1)

Y

= olids

Vy

=11

Vs

The moist unit weight 1s
GSYW (1 25 W)

’Y:

l+e

since v, =9.81 kN/m° .

SJ‘M:\AS‘:\ML%

s )3l 4ls

(9 ASTY) axlaill) Baa g

~]
IBatniny

i



L e

~(2.68)(9.81)(1+0.24)
= 1+0.8

The dry unit weight 1s

- Ggy,,  (2.68)(9.81)
l1+e¢ 1+0.8
The degree of saturation is :

W.G, (0.24)(2.68)
C

—18.11kN/m>

I

—14.61KN/m’

40

x100 = x100 =80.4%

IEaining

S (%) =
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Solution Part (b) :

for saturated soils, e — W.QGq, or
Voo - e
Gy 2.68

The saturated unit weight 1s :

. s - . .

l+e 1+0.8

IEaining
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Example 7 b : In its natural condition a soil
sample has amass of 2290 g and a volume of
1.15x 10 3 m? . After being completely dried in
an oven the mass of the sample 1s 2035 g. The
value of Gs for the soil 1s 2. 68. Determine the
bulk density, unit weight, water content, void
ratio, porosity, degree of saturation and air

content.
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Solution :

Bulk density, p = - e

Y

= 1990kN/m”>(1.99Mg/m*)

M
Unit weight, v = Tg =1990x9.8 =19.500N/m’

=19.5kN/m’
M, 2290-2035

W

M, 2035

=0.1250r12.5%

Water content, 0 =
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Void ratio, &= Gg(1+w)Px -
p

1000
1990

=(2.68x1.125x ——) —1

—
=02

. 5
porosity, n= - =0.340r34%

lie 15D
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degree of saturation,
- WG, 0.125x2.68

S =0.6450r64.5%

e 0.52

Air content, A=mn(l - S)=0.34x0.355
=0.121 or 12.1%
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