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Wt = Ww + Ws
Wt : Total weight of soil Ww :Weight of water  Ws: Weight of solid Wa: Weight of air =0

Vt=Vv+Vs=Va+ Vw+ Vs

Vt Total Volume Vv :Volume of Void Va : Volume of air VVw : Volume of water Vs : Volume of Solid
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WATER

.

PARTIALLY FULLY DRY SOIL
SOLIDS
VOIDS SATURATED SOIL  SATURATED SOIL

7



Basic Volume/Mass Relationships
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Specific gravity of solids, G, = \ _y

p water

Density, p= M,

7

Dry density, p,, = &
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Typical Values of Parameters:

G,= 2.60-2.75

Yy = 1.60-2.25 g/cc

Y, = 1.30-2.00 g/cc

n = 0.25-0.45 (for sand)

S = 0 (for dry soil)-100% (for fully saturated)



Some Useful Correlation:

1- S.e=06.. w,

2- = 1+e

4- A=n(1-3s)
e—w+h,

>- A= 1+e
Go(l+tew) Go(1+w)

6-pr=—1_"Pw O Vi= " —Vu
G.+5+e bro+5+e

7- Pt = 1+e Pw or Y= 1+e w
Gete bt e

8- Ps = 1+e * W or ¥s= 1+e ' W

G, 1

¥ Pary = 152 Pw or Ya= TCVw

10- Pefr. = .I“EII = Psat — Pw

11 G.—1

B ]”e_ff =¥ = lte Vw



Example 1:

In its condition a soil sample has a mass of 2290 g and a volume of 1.15*10-3 m3. After being
completely dried in an oven the mass of the sample is 2035g. The value of Gs for the soil is 2.68.
Determine the bulk density, unit weight, water content, void ratio, porosity, degree of saturation
and air content. Solution:

M 2290
Pt = ¥ = Tise10-2

= 1990 kg/m* = 1.99°4

Unit weight ,y = % = 1990 = 9.8 = 19500 N/m*® = 19.5 kN/m?

Mwr 2290-2035

Water content , w = = =0.1250r 12.5%
Mg 2035
 G(1+w,)
e = T v
2.68(1+.125
19.5 = ( )* 10
1+e
e=0.538
Porosily, n= — = —== = 0.3490 ~0.35
1+= 1.5328

S.e= G, w,

Degree of saturation , S= e = 62.267%

0.538

Air content, A=n (1-S) =0.35( 1-.62)=0.132



Example 2:
A moist soil has these values : V=7.08«+ 103 m”™3 , m=13.95kg, w=9.8%,Gs=2.66.

Determine:
p, pt, e n, S(%), volume occupied by water and the volume occupied by solid?

Solution:

~m 1395 10703 ke
P= vV~ 708~ 102 3 kg/m

_ Pwer 19703 kg

Pa= 1170~ Tio0es 17944 m2

G
Pd = 1 +eﬂw
17944 = Zf x1000 —» e=048
e 0.43_0324
m=1+e 148 7

Se =6, 0 —» S5.048=266*0.098 —» 5= 543%

pg = == » 17944 = ——= » m, =127 kg

A 7.08= 1072

m,, =m—m, » M, = 1395-127=125kg

Vv, = 2 = 22— 0.00125m?
Pw 1000

y, = v, — v,———*v, = 7.08+10"% — 0.00125 = 0.00583 m®



Example 3:
In the natural state, a moist soil has a volume of 0.0093 m”™3 and weighs 177.6 N. The oven dry weight

of the soil is 153.6 N. If Gs=2.71 . Calculate the moisture content, moist unit weight, dry unit weight,
void ratio, porosity and degree of saturation.

Solution: w, = =¥ = 21872328 _ 1569

W 153.6
_W_ 1776 o006 N — 19 1kN/m3

Ve = 377 00003 m3_ m
_ W 1936 L ci6 N 1652 kv /m

Ya = 3 = 0.0093 e /m

e=2 =25 = 22 _ 00058 md
Ve Gs¥iw 2,71=10

oV, =0.0093 — 0.0058 = 0.0035 m?

0.0035 e 0.6
= = 06— n= = 0.375
0.0058 1+e 140.6

S.e=6G,. 0w —S§. 06= 271 *0.156 —S = 70.46%



Example 4.

A soil specimen has a volume of 0.05 m3 and a mass of 87.5 kg. If the water content is 15% and specific gravity is
2.68.

Determine 1) void ratio 2) porosity 3) dry unit weight 4) saturated unit weight 5) degree of saturation.

Solution:
m, 87.5 .
Py = TJ-"'_t = m = 1750 JECQ',“TH
w, =2 = 015=22 m. = 76 kg
_ M _ 7% o028m?
s T Go.  268-1000 oM
e= =222 —077, n=-" = 2 =043
Vg 0.028 1+e 1+0.77
6 _208 10 = 15.14 kN /m?
Yary = T4 ¢ Ww = T3 077 10 = 114 kN/m
" G, +e 2.68 + 0.77

]'f.i'ﬂt= a4 . .}"W_ A . i T 1D=19'49szm




Example 5: Show that y..: = Yas sy

1+&

Solution:  take the right hand side :

¥ & Gx = Get e
-—% r = b - . P — ————® W =}r
d+(1+e Yw :] 1+e ‘W7 Yw 1+e sat



Example 6:
Given mass of wet sample = 254 gm, void ratio = 0.6133, volume of air = 1.9 cm3, mass of solid

=210 gm. Determine degree of saturation, air content and dry unit weight.

Solution: mt=254 gm, ms =210g —»m,, = 254 — 210 = 44 gm

vy, =— = — =44em?
Py 1
v,=1,+v,= 44+19=459

45.9

06133 = — — = v, = 74 em?
§— il 95.8% A 1 0.0133 1-0.95
= 3. = asg_ >8% = A=nll=s) = 7Geraa (17095
=0.019
mﬁ'
pdry — U_t

v, = 1, + Uy, + v, =44+ 19+ 74.84 =120 cm?

m
— 3
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Example 7:

A soil specimen is 38 mm in diameter and 76 mm long and its natural condition weighs 168 gm
when dried completely in an oven the specimen weighs 130.5 gm. The value of Gs=2.73.

what is the degree of saturation of the specimen?

Solution: Dia=38 mm = 3.8 cm

=76 mm="7.6cm
3.8
v, = (szﬂr = 7.6 = 86.192 cm?

m,, = 168 — 130.5 = 37.5 gm

Volume of a Cylinder v, = 315 _ 3?5 sz
@W = we 1305 — 47.8 cm?
Vs = G vy, 273=1 iecm
h
. v, = 86.192 — (37.5 + 47.80) = 0.889cm?
Volume = h x 7 X 1 v, = v, + v, =37.5+0.889 = 38.389cm*
h = height of the cylinde;
£ ’ : 37.5
N =3 S5 = Tw = = 97.6¢
m(pi) = 3.14 vy 23,399 -’f"!:'

r = radius of the
Uie circle



Example 8:
Given: mass of wet sample =254.1gm, void ratio = 0.6133, volume of air = 1.9 cm”3, mass of

solids = 210 gm. Determine: Degree of saturation, Air content, dry unit weight.

Solution:
Mass of water = 254.1 -210=44.1 gm

= Wy
Volume of water = = = 44.1 ¢m?
Yw
44.14+1.9

EE Ty FETEE O
e=— — 06133 =— = 2 =
Vg Vg Vg Vg

46
0.6133= — - v, =75.cm?
Vs

§s=_ 21 _ 958y

(SN 46
& 0.6133
A= E(l —8) = T 00133 (1—-0.958)=0.0157
v, = v, +v,=46+75 =121 cm?
w210
* wy, 751 7
G 2.8
= al — " 10 = 3
Yary = T3¢ Y 7 Yay = Tggi3s " 10 = 17355kN/m

Ms 210
Or pg, = e T s 1.7355 gm/cm?

Y Ydary = Pary *g = 17355+ 10 = 17.355 kN /m?
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Example 9:
A soll specin
and water cc

272+ 0.7
1+0.7

Vo= 7= Yeff = Ysat — Yw = 20.11 — 10 = 10.11 kN/m?

10 = 20.11 kN /m?

]‘fsr.lt —

2724+ 07507
Yat s=750 = 1407

0.75%¥0.70 =2.72 *w -  w=19.3%

+*10 =19.1 kN/m?

it, unit weight
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Examplae 10 @ Prowve that 5. o = Go . o

Take the right hamnd side;

Vg

Gs_ (,n_j—c ] M s £
W e
75 A Trar T T
¥t
Example 11: Show that i
p Tdrj’ 14w
Wit
vt o we/ve  _ Wi/vt I Wy
- — Wg+W W
1+ 14+wy,, /w SSTW a4
w/ Vs Wg Wg vt
: g
Example 12 : Prove thal n = .
g
e vy s - vy g _ vy o
1+e 1+, /vg Y57 Py vy





