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MOISTURE-MOVEMENT CHARACTERIGTICS OF A SILTY LOAM SOIL
STABILIZET: WITH SODMUM CHLORIGE
M, Amanat A, Chaudbry® and G, Singh**

ABSTRACT

Erodibility, permesbiliiy, water absorption, swelling hehavi.
our and drying rate ara the major moisture-movement characteris.
tios of a soil,  An aitempt was mado to study these cheracteristics
of & silty Yoam soilvreated with sodium chloride, It was found that
cradibility, perrseability, water absorption and the rate of loss of
inoisture deersased while the wwell incrensed with an increase in
walt eontent,

INTRODTICTION

The coustraction of a road network s uhe of the most efoctive wagH of
promoting the economic devolopment of a oountry.,  ‘Uraffic inteneity in
tluveloping conntriss i too low to justify expenditurs on Ligher-grade vosd
vonstruction, Recent jnercases in the cost of traditionn] construction materials
have emphasized the need to explore the potentinl of intligenous materinly for
for low.cost road construction.

Soil stabilization is a method of processing wvailable materials for the
convtruction of low-cost roada,  The stabilizers vsually used are cement, lime
wiud bituminous materialy whioh are very expensive in most of the developing
vonntries,  The field vxperiences reporicd in literature show that sodinm chle.
ride has good stabilizing properticy to jostify ity econcmic use in most of the
tropicsl and subtropieal developing countries of Asia and Afriea,

The stability of & pavement can only be maintained i its sorface and
tunndation remain in a relatively dry condition, It ie therefors very important
to inyestigate the molstere-movement characturistios (L e erodibility, pereme.
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ability, warer abgorption, swelling behevicur and drying rate] of & pavement
mateiial,

The objeet of this study was to investigate the moisture-movement
harscteristive of 8 wily loam soil stabilized with sodinm chloride, :

MATERIALS ANXD EQUIPMENT

The materials used it this investigation were sodium chloride frock sals)
and silty lomm soil frem Selby (UK} which resembled the seil from the
Tniversiiy of Agriculture, Faisalabad.

To detormine the erodibility of salt-stabilized and natural soils, 8 rain-
full simulator of the drop former type was nged (Chandhry and Singh, 1983},
The permesbility of silty loam aoil wae expected to Lo very low, The equ-
ipment waed for determining the cnefficient of permeability was a varinble head
permesmetar, The other tests performed were the measurament of drying
raies, water absorption and swell of the matural nnd #alt treated apils- The
equipment used for these teets is very common aond iz desoribed in B. 5. 1924
(1976).

EXPERIMENTAL PROCEDURE

Tae soil specimens were prepared in constant volume moulds for ditferent
treptment levels (0.5, 1.0, 1.5 snd 2.0 per cent salt contenta), They were
cured ap 30°C and 64 per cent relative humidity for 28 days, The ¢ured
ypecimens were then seaked in water for four days i order to keep the degrec
of saturation constant on all treatment lcvels, The permeability teat was
copducted in the laboratory on these soaked epecimens at 20°C and threw
aperimens were tested for each treatment level.

The measarement of dryving rates, water absorption and ewell ore very
commmon tests performed in the luboratory and their procedurvs are described
i 155, 1024 (1976) and in moat of the texts, thus no description is reguired
hure,
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The procedure for the determination of erodibility is described by
Chandhry and Singh (1953},

EESULTS AND DISCUSSION

Figure 1 shows the relationship between the amount of erosion (kg/m?
hour) aod seif content (%74 It is obvious that the treated soil iy less erodibly
than the natural one st 0.0 and 1.0 per cont selt contents, The remson is an
increasn in dry density and erystallization of sodium chloride (cansed by dry-
curing) at the surface of the specimen, which cements it into & dense hard crust
It is aleo obvious from Figure | that the addition of salt et higher salt contents
¢}, ¢, 1.0 and 2.0 per cent} is not very effective in redneing erosion as comparerd
L lower gals contents (i, e, 0.5 and 1.0 per cent}. The renson i the floceuly.
tiom behaviour of clay (present in aoil) at that salt content resulting in a decre-
aag in the dey density,

The results of permesbility tests {shown in Figure 2] indieate that
permeability i3 decreased with an inerease in salt content. This decrease iz
the reault of cation-exchange which takes place in the soil water system,
coused by the addition of sodium ohloride, The caleium present in the acil is
washed out and the soil exhibits the properties of sedium clay, tosulting in
a decrennc in the permeability of the soil.  The increase in dry deneity and the
kard eruet produced by crystallization of eodimm chloride afior dey.curing are
#lao responsible for thin decrease,

The results of water absorption {expressed as a porcentage of the tota]
weight of the apecimens) are shown in Figure 3. The wvalues of water shsorp.
tion (%) end soil permeability (mm/ace] dreresse gradually with the increase in
galt content, The decrease becomes vory small when the salt cantent incre pses
from 1.6 to 2.0 per cent. Tho explanation lies in the decrcans of dry density
at 2.0 per cent sult content which i one of the factors caueing the deeregun -_;f
wakter absorptivn,  The factors {discussed already) causing the deorcase jn the
permenbility of treated sail alse huld good for the deercase in water whaorption,

The rosults of ywelling behaviour of natural and treated sufls are shown
in Figure 4, which indiente that the swell incrcases with the inerease in salt
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content, The soil apecimen swalls when its volume increases because a furce of
repu leion separates the ¢lay particles as the moisture content of the spacimen
rises om énaking, The amount of ewell depends upon the nature of the clay
minerals, their arrangement or orientation in the s0il, and tha phyaica-chemical
propertics (i, e, valency of cxchangeabla cations, pure-water #alt concentration
apd  ceminting bond between clay particls), Aws  w resull of the cation-
rxchange described already, the moncvalent exchangeabls sgdiam cativos cauac
greater swell then divalent caleinm cations,

The results show that, in general, the drying rate is rapid in natursl soil
Wpecimens as compared to treated opes owing to the ability of sadium chlocide to
tower the vapour pressure of the water in which it is dissolved, ‘This decrensa
in vaponr pressure (tho tendency of a substanes to pass from the liquid or solid
inte the gageous state)] resnlta in o decreaze in the deving rate,  Surface ten aoo

alrn affecks the rate of evaporation in such 8 manner that & solution Possesa.

ing high surfaec tension tends to vaporize less rapidly than the one having low
surface tension,  The sodium ehloride present in =oil-water mixtures causes BTL
inerease in the surface tension of water, there by deorcasing the moisture
cvaporation rate. This property of moist ure retention is valuable in reducing
the compeeti ve effort and retaining the moisture content at high Lemperatures
50 88 to reduce ¢racking of the pavement,
CONCLUSIONS

The erodibility of suil treated with upto 1 per cent salt, measured aftop
a curing period of 28 days, decrenses. Higher salt contents are not bonefieial,
A decrease in the permesbility and water abuorption is observed with an
increage in gelt content, The results of the swelling behaviour of the awil
indicate that the swell increases elightly with an increese in salt content, The
lozs and the rate of loss of moisture ia reduced in salt-treated aqil,

The main conelusion drawn from thess tests iy that sal

ing suil can Le
wsad to construet low cost pavements in the rural aress,
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