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2. REVIEW OF LITERATURE

Swelling =nd shrinksge as related to soil properties &ye
complex phenomeng ., The volume changes experienced in ex-
pansive soils depend on several factors such &s : minerqlo-
gicel composition, geclogical precipitation and moisture
migration, The expansive soils do not obey the conventional

theories regerding the ground water hydrclogy.

The available literature in the field of ground water
hydrology in expansive soils is rather few, The informations
obtained from the literasture indicate that further work 1is
still needed to correlate swelling and shrinkage of expansive
soil with its constituents asnd physicsl properties, In the
fellowing, 8 historicel review of the expeansive soil charac-

teristics and tehsaviour is given...

2.1 Volume changes as related to some soil characteristics

The volume change of expansive clayey soils is related
to variation in the moisture content. On drying, the soil
decreases in volume and cracks appear, On the other hand,
the soil swells on rewetting. 45 & consequence, lerge volume
changes take plece in soils in tne zones where climatic

conditions show alternate wet and dry seasons.
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nermoulded soil blocks shrink on progressive drying.
Shrinkage is either normal or residual, Normal shrinkage
takes place as long as the loss in the soil volume is equal
to the water lost ( Tempany, 1917 ). The eir starts to enter
the voids of the soil at water content of about pF noh
( Schofield, 1938 ). In such a case the shrinkage is termed

s residual shrinkage ( Hains, 1923 ).

Surface soils, with a low clay content or with a well
developed crumb structure may show no range of normal
shrinksge as the wster content is decreszed. This is because
air replaces :the water on drying and the shrinkage becomes
lower than it would be if normal shrinkage occurs.Influence
of eggregate size on swelling and shrinkage is shown in

¥ig. 1" ( Chang and Werkentin, 1968 ). This is termed &s

structural shrinkege ( Yong and Warkentin, 1975 ).

Fox (1964) and Berndt and Coughlan (1976) studied the
effect of changing water content on the bulk density of
undisturbed cores of cracking clays. Over the soil molsture
range measured in the field +they Tound that laboratory cores
shrink in three dimensions and normally. Small deviation from
nermel strinkage is ettributed to high weter contents of the
wet cores. Swelling is appoximately three dimensional, except
for some unconfined swelling which tekes place on the surface

of the core. Unidimensional swelling is induced by lateral
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Fig.(1) Influence of aggregate size on
swelling and shrinking of soil,
(Cheng and Warkentin,1968).
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confinement of dry cores before wetting.

The swelling cheracteristics of expansive soils depend
primarily upon the clay minerals present in the soil.
Hontmorillonite clays almost'show reversible shrinkage and
swelling on drying end rewetting, On the other hand, Kaol-
inite snd illite cleys show an initial large volume decre-
ase on drying snd a limited swelling on rewetting ( Yong
and Warkentin, 1975 ). Also, they reported thet exchangeable
cations, such as sodium, causes greater swelling than dive-
lent calcium jons. This is explained by the greater extension
of the diffused double layer in case of sodium exchanges,
Swelling end dispersion of soils with exchangeable sodium
are reduced &t higher salt concentrations, Cementation between
the soil particles limits the swelling process, Iron hydrox-—
ides, cerbonates, and various organic molecules &ct as &

cementing materisl.

Caleium cerbonete affects the swelling behaviour of the
soil. In one wey, it cen sct &s en inorganic cement which
bindes the cley particles together resulting in a decreese in
the 1isbility of the soil to swell, The extreme of the action
might be encrusting, in which a cluster of clay particles 1is
completely coated with celcium carbonete. In eanother way,
calcium carhonate can &ct as & source of celcium ioms which

suprress the formetion of diffuse double layers, This in
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turn decreeses one of the main driving forces which causes

the soil to swell ( Guirk, 1968 ).

2,2 Bulk density and -0il roisture

——— —

sgronomists, soil physicists and engineers find it nece-
ssary to define crecking clays by & specific relation between
bulk density and water content, Then variation in soil surface
elevation and coefficient of overburden potential are determ-

ined.

ifter exerting a certain pressure head upon a soil sample,
the equilibrium soil moisture content cen be determined., Apply-
ing different pressure heads step by step, a curve of pressure
hesd "Y' versus moisture content " & " can be obtained. Such
a graph is caelied soil moisture retention curve or soil mois-
ture cherecteristic . The vealue of "WY" veries from O to 107cm,
in ocrder to represent this range graphically, the term ™ pF "
was introduced, it is defined as the logarithm of the suction

in cm.

Cykler (1946) reported that when water was readily available
between field capacity at ¥ "2" and permanent wilting point
pF " 4,18 ", the higher is the soil moisture content, the greater
is the use of water., Veihmeyer and Hendrickson (1949) concluded
thet plants could obtain water with equal facility within the
sveilable range of soil moisture, Bredely and Prutt (1954) prod-

wced higher yield of potatoes when water was spplied before the
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svailsble moisture decreased to & content below 50% especially
in light soils. Kresummer (1963), Iden (1964) and Singh and
plderfer (1966) found thet plant growth diminishes progress—
jvely below field cepacity &nd ceases at the permanent wilting
poict. Easily availeble moisture wes taken to be equal %o %

and 3/4 of available moisture range.

With respect to water relation with crop feeder roots and
tep roots, the root depth should be known. Alfred (1961) men-
tioned that the feeder root depths for most crops vary from
one foot ( 30.5 cm ) to approximately four feet ( 122 cm e
Soﬁe plants have deep tap roots. Those roots supply
15% of total plant water use, the 85% remaining are supplied

by the feeder roots.

2.2.1 ¢+ Variation of soil surface elevation with soil moisture-

Field studies concerning the elevation changes of land
surface with changing water content retain the complexity of
the patural conditions ( Aitchison end Holmes, 1953 ; Felt,

195%; Jamison end Thempson, 1967 &nd White, 1962 Y.

Vertical movement of both surface and deeper soil layers
ig B consequence < moisture changesiirﬁ considrable practical
importance, Some investigators have been concerned with the

effect of seasonal veriations in soil moisture on the stability
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