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Abstract: In this paper modification Chemical Stabilization of dispersive clay by white natural alum is evaluated.
The studied clay taken from residuals of a constructing dam, called “Mirzakhanloo”, located in Zanjan province,
northwest of Iran. Dispersion potential of this soil and its modifiability were evaluated using single and double
hydrometric, chemistry tests. Tests results indicated that PH of the soil was increased by adding the alum up
to% 0.6 and then decreased. Electrical conductivity (EC) and Sodium absorption ratio (SAR) of the soil were
increased and total suspended solids (TSS) in the leached water was decreased by increasing the alum content
and curing time. Generally, adding of %3 alum stabilized the studied soil. 
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INTRODUCTION soil  is  exposed  to the seepage, the clay particles are

Ions type of clay soils is one of the important issues result in the formation of piping phenomena in the earth
must  be   always  considered  when  encountered  them dams together with erosion and demolition of roads and
as residual resources of earth dams and so on. Past water canals as well as destruction of structures’
experiences indicated that ignoring this for implementing foundation [2, 6]. In the past, it was being severely
the water structures made many problems and caused stressed on not increasingly usage of such type of soils,
damaged structures. Erosion and changes in the structure, but today it has been more paid attention to improve and
physical and mechanical properties of the soil are the use of these soils. The most important factors influencing
most important result of these soils [1]. on the improvement ability include: type and

Dispersive soils are comprised from clays particles concentration of pore water ions, chemical properties of
that can be easily washed by the waters with low salt runoff and seepage water, cracking, clay particles and so
contents. Such clays usually contain high content of on [1]. 
sodium ion in their absorptive ions. Dispersion is a
progressive phenomena beginning from  a  point with
high  water  concentration  and gradually develops.
Cracks from condensation,  differential  settlements  and
or hydraulic gradient could result in dispersion.
Dispersive  phenomena  and the importance of knowing
it are very important in the projects such as earth dams
and water canals. Dispersive soils are abundant in In the ion exchange reaction, trivalent cations of alum
different climates and different regions through the world (Al3+) replace the univalent cation of sodium (Na+). In
such as Australia, Brazil, Iran and USA [3, 5]. such replacement, the soil structure is changed from

Dispersive phenomenon is of a chemical- physical dispersive to condensed state, the repulsion force
nature usually influenced by the type of soil’s minerals between the particles and then dispersive potential of
and chemical properties of pore water. When a dispersive soils is reduced [4].

likely to separate from each other and be suspended. This
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In this study the white natural alum,
Al2(SO4)3.18H2O, was used for stabilizing a dispersive
soil, in which, sodium cation (Na+) is replaced with
aluminum cation (Al3+). During this process the soil
structure changes from a dispersed state to a condensed
state and then reduces the repulsion force between slay
particles and finally reduces the dispersive potential of
soils. This paper investigates the effect of adding
different percentages of aluminum sulfate and curing
times on dispersive soil. Double hydrometric and chemical
tests were used for investigation the improvement
process.

MATERIALS AND METHODS

The Studying Area’s Location: The soil used in this
study obtained from a site of dispersive clays present in
the basin of an earth dam called Mirzakhanloo 2, Gohar, Fig. 1: Particle size distribution based on the single and
located in (Tarom town) in Zanjan province, north west double hydrometric test. 
part of Iran. 

The Used Materials: Dispersion specifications and particle size is initially determined by standard method of
chemical  properties  of  the  used  soil  are  indicated  in hydrometric test, i.e. using mechanical agitator and
Table 1 and Table 2 respectively. Based on the Tables 1 dispersing chemical additive. Then it is repeated another
and 2 it concluded that the used soil is classified in the hydrometric test with another sample of the same soil
category of wholly dispersive soils with highly vulnerable without using mechanical agitator and dispersing
to erosion. Particle size distribution using single and chemical additive [7, 8]. The percentage of particles finer
double hydrometric tests is shown in Fig. 1. The studied than 0.005mm is determined in both tests. Dispersion
soil is classified by two systems of Unified and ASHTO percentage is defined as the ratio of percentage of
as CH and A-7-5, respectively. Also, specific gravity of particles finer than 0.005mm in the second test to the first
soil particle was 2.76. test.

Sample Preparation and Test Programming: First erode and wash the clay particles with dispersion
compaction test was performed on the soil. For percentage  more  than  40.  This limit  also  depends  on
stabilization process, all samples were prepared at the type of soil. Decker recommended that this limit is
optimum moisture content and then cured. The additive about %40 in the inorganic clay and it is considered about
content of alum included 0.6, 1, 3, 5, 10 percent of soil dry %(25 to 30) in the low plastic mud, clayey and muddy
weight. Prepared samples were cured as 1 and 21 days. sand [1].
There was used chemical and hydrometric tests for Increasing of alum and curing time was considerably
studying the soil dispersion and its modification process. reduced the dispersion potential such that in 1 and 21
All tests conducted according to ASTM standards. days  curing  time,  the  dispersion  potential  was  became

Double Hydrometric Tests: During these tests, the soil

Tests  results  indicated  that  it  is  more likely to

Table 1: Dispersive properties of the used clay

Classification based on Pinhole Test Classification based on double hydrometric test Dispersion percent in double hydrometric test

Wholly dispersive D1 Wholly dispersive 59.20

Table 2: Chemical properties of the used dispersive soil

SO42- (meq/lit) Cl- (meq/lit) TDS (%) EC (ms/cm) Mg2+ (meq/lit) Ca2+ (meq/lit) K+ (meq/lit) Na+ (me1/lit) pH

38.90 10.22 0.6 96.00 13.90 34.8 9.00 174.30 7.2
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Fig. 2: Dispersion percentage for curing times of 1 and 21 days.
days versus alum using single and double
hydrometric tests.

Fig. 3: Electrical conductivity versus alum for curing
times of 1 and 21 days.

zero in the additive percentages of %3 and 1 respectively
(Fig. 2). As indicated in this Figure, adding of even %0.6
alum severely reduced the dispersion potential.
Experiences have indicated that the results of this test
have an accuracy of about %85 when predicting the
dispersion of soils. On the other hand, dispersive soils
have dispersion percentage higher than %30 [4].

Chemical Tests: Dispersion is usually a physical -
chemical phenomena and chemical properties of soil, Fig. 6: Ionic exchanges versus alum for curing times of 1
particularly type and amount of cations of the soil and and 21 days.
pore water have important effect on the soil dispersion,
therefore, different criterion have introduced for the PH value and then decreases it. The reason for such
recognizing the dispersion potential for instance electrical increase is producing some acid resulted from ionic
conductivity (EC or pH), Sodium absorption ratio (SAR) displacements. Ignoring the initial values, increasing the
and total suspended solids (TSS). alum and curing time generally decreases PH value. Total

As illustrated in Fig. 3, adding of alum as well as suspended solid (TSS) in the leached water is reduced by
curing time results in increased EC. This is because of increasing of alum content and curing time due to
displacement of ionic followed by soil stabilization. preventing of soil particles from escaping and washing
According to Fig. 4, adding the alum up to %0.6  increases (Fig. 5). Finally, according to Fig. 6, displacements of

Fig. 4: PH values versus alum for curing times of 1 and 21

Fig. 5: TSS value in the leached water versus alum for
curing times of 1 and 21 days.
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