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3.4. SOIL-WATER RELATIONSHIPS

Any given volume V of soil (Fig. 3.1) consists of : (i) volume of solids V, (it) volume of liquids
(water) V,,, and (iii) volume of gas (air) V. Obviously, the volume of voids (or pore spaces) V, =
Vv, +V, Fora fully saturated soil sample, V, =0 and V, = V,, - Likewise, for a completely dry

specimen, V, =0 and V, =V,.The weight of air is considered zero compared to the weights
of water and soil grains. The void ratio e, the porosity n, the volumetric moisture content w,
and the saturation S are defined as

P
e—ﬂ' n—YU_ w:‘_,“L S:—‘,—w-
‘757 V 2 V ? VU
Therefore, S~pr=Sr— s .31
K
VV
v<

wa v owe

Fig. 2.. Occupation of space in a soil sample
It should be noted that the value of porosity r is 5 always less than 1.0. But, the value of
void ratio e may be less, equal to, or greater than 1.0. - -

Further, if the weight of water in a wet soil samplle is W, and the dry weight of the
sample is W, then the dry weight moisture fraction, W is expressed as (2)

At G5
— 7
) (" \I \ W= W, ( (32)

The bulk density (or the bulk specific weight or the bulk unit weight) v, of a soil mass is
the total weight of the soil (including water) per unit bulk volume, L.e.,

W
Yy = v
in which, W,=W, + w,

The specific weight (or the unit weight) of the solid particles is the ratio of dry weight of
the soil particles W, to the volume of the soil particles V, i.e., W /V.. Thus, !

) L S F . ‘I'VS ) Ws
e N2 @, i —\]? e, V._ Gov

\}C\.J—-.’/

d ey ?KCO% s

‘(j) FANE] /»’ XD
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ToF . ')'. _.\ {48 23l I\’- - "—i\"'( W \.J \ ,}
and ...\,'/'"’ G.y _ES_ e V= Ws_
. - " ~ -3 5 Vs a2 s Gst
y: ..Jf'.L» | 5' ) _G_b“ (3 3)
vV G, -

Here, 7, is the unit weight of water and G, and G, are, respectively, the bulk spegific
gravity of soil and the relative density of soil grains. Further, - '

vy v-v, V, G
1- =1___U_=__U«:_S:_b
=Y TV OVOG,

| G,=G(1-n) (3.4)
Vo, Wulte _gWu

VoW, Gy W,
’ w=GW (3.5)
and \ _w:_Cj(l—n]W_'
] Considering a soil of root-zone depth d and surface area A (i.e., bulk volume = Ad),

W, =V Gy, =Ad 1-n) Gy, W heve \'/j' L 1-n =P Vse (1-P)V
'\_ :

Also, w =

Wy
W,

s

Therefore, the dry weight moisture fraction, W=

_ VY
Ad (1-n) Gy,
Therefore, the volume of water in the root-zone soil,
V,=WAd(1-n)G, (3.6)
This volume of water can also be expressed in terms of depth of water which would be
obtained when this volume of water is spread over Lhe soil surface arca A.

w

. Depth of water, d,= A
i d,=G,(1-n)Wd (3.7
or d,=wd (3.8)

_ Example 3.1 If the water content of a certain saturated soil sample is 22 per cent and
the specific gravity is 2.65, determine the saturated unit weighty,,, dry unit weight y,, porosity
n and void ratio e.

Solution:
We e 99
=w =C
W,

and G, = 5. =965
VSYLU afi
W, =2657,V, uf
and WW, = W, L

w
=0.22 x 2.65 7,V

S
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0.55 _l/\)/)T
Moist unit weight, Y= ?5— =0.016 N/m3 — <
. - R 3 =
Dry unit weight, Y= gp = 0.014 N/m°. T Tl

Example 3.3 A moist soil sample has a volume of _%@g cm? in the natural state and a
weight of 7.94N. The dry weight of the soil is 7.36 N and the relative density of the soil particles
is 2.65. Determine the porosity, soil moisture content, volumetric moisture content, and degree
of saturation.

Solution:
G L =1.55
57 484x107° x9810
: G,
The porosity, n=1-—-
— G,
155
. 1— — =, =3 1_
265 0.415=41.5%
The soil moisture fraction,
—w—00788—788‘7
736 - e

The volumetric moisture content,
G, W=1.55 (0.0788)

- 12.214%
12.214
Degree of saturation, S = — = ST =0.2043 = 29.43%

3.5. ROOT-ZONE SOIL WATER
Water serves the following useful functions in the pfocess of plant growth:
(i) Germination of seeds,
(i) All chemical reactions,
(ii) All biological processes, ;
(iv) Absorption of plant nutrients thro&‘gh their aqueous solution,
(v) Temperature control,
(vi) Tillage operations, and
(vii) Washing out or dilution of salts.

Crop growth (or yield) is directly affected by the soil moisture content in the root zone.
The root zone is defined as the volume of soil or fractured rock occupied or occupiable by roots
of the plants from which plants can extract water (3). Both excessive water (which results in
waterlogging) and deficient water in the root-zone soil retard crop growth and reduce the crop
yield.

Soil water can be divided into three categories:
(1) Gravity (or gravitational or free) water,

(11) Capillary water, and

(it1) Hygroscopic water.
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W,
V,=—%=022x265xV,=0583V,

Yw
Total volume V=V_+ vV, (asV,=0 since the sample is saturated)

=V, (1 +0.583)
=1.583V,
V, 0583V,

v " ssav, -~ o08%

n=

(since V, = V,, as the soil sample is saturated)

Vl)
and e=~" =0.583 = 58.3%
VS

I

and total weight W=W,+W,
=0.22 x 2,65 x 7,V, + 2.65 1,V

s
" 39'33 YmV

W 32337,V,
Yeat Ty T 1583V,
=20.032 kN/m® (since y, = 9810 N/m?
W, 2657,V
W=y T 1583V,
= 16.422 kN/m?.

Example 3.2 A moist clay sample weighs 0.55 N. Its volume is 35 cm3, After drying in
an oven for 24 hours, it weights 0.50 N. Assuming specific gravity of clay as 2.65, compute the
porosity n, degree of saturation S, original moist unit weight, and dry unit weight.

Solution:
W, =0.55N
W,=050 N
W, =0.05N
V = BAE-y= __05—
sy, 265x9810
=1.923 x 10-% m?® = 19.23 cm®
s Wy 005
w oy 9810 \
~51x10md=510cm®
V,=V-V,=35-19.23
=15.77 cm3
) . vV, 1577
Porosity, n= 7” =SS5 = 45.06%
_ vV, 5.10
Degree of saturation, S = =755 =32.34%
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