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Abstract: This paper evaluates the effect of using wetting-drying cycles with compacted soil cushion to

mitigate the potential of expansive soil type in Upper Egypt. Two types of compacted soil cushions sand

and the mixture of sand-lime over expansive soil were used. Undisturbed specimens trimmed from large

undistributed cylindrical boring samples were used in a standard odometer under different normal applied

pressures. The swelling of the soil specimen was determined by observation of the dial gauge reading.

Results indicated that placing of the sand lime cushion over expansive soil gives the best performance for

swelling reduction compared with the case of sand. The fatigue phenomenon gained from wetting and

drying cycles has a significant effect in reducing the potential of swelling pressure especially in the case

of using compacted cushion under applied pressure. The higher the vertical pressure, the higher reduction

of swelling pressure in case of with and without cushion under wetting and drying cycles. The application

of this method is a suitable solution to prevent the damage of structures constructed over expansive soil

in Upper Egypt area. Based on laboratory results, regression models using multiple regression analysis

method were developed to predict the reduction of swelling potential. The merit of these models is to help

site engineers in study area to estimate the numbers of cycles and applied pressure which are needed to

reduce the potential of expansive soil. A good concurrence between the outputs of regression models and

the results of previous studies was observed.
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INTRODUCTION

Civil engineering projects such as highways,

embankments, airports and irrigation structures over

expansive soil are subjected to large collapse due to

the changes in atmospheric and seasonal conditions.

The cause of damage to such structures is related to

the generation of unequal stress beneath structure

foundations that leads to change in the design system

mechanism for unexpected stresses. The causes of

water reaching for expansive soil underneath the

structures may be due to atmospheric conditions,

infiltration from domestic sources, and ground water

extraction by trees . Due to the problems related to[5 ]

expansive soils, there are different solutions which

were introduced by researchers to reduce the potential

energy of volume change that is produced when water

is introduced. Extensive research studies have been

done to investigate the fatigue phenomenon of

expansive  soil  due to the cyclic drying and wetting

. The movement of the building and pavement[1 ,2 ,4 ,8 ,11]

up and down over expansive soil due to the effect of

seasonal wetting and drying was observed by Chen and

Lu . It was reported that the movement of structures[3]

after several wetting and drying seasons was stopped

because the soil reached the stage of equilibrium. As

a result, the unequal water spreading through expansive

soil mass leads to the generation of unequal stresses

underneath the foundations that is associated with the

damage of structures. One of the most widely accepted

solutions used to reduce the damage induced by

expansive soil is using a soil cushion below the

foundations for lightweight structures as pavement,

flooring, and canals lining .[8]

Nowadays, the Upper Egypt southern area is

subjected to different development activities due to the

desert reclamation projects. So, different construction

projects such as pavement, canal lining, and buildings

are constructed to establish a good infrastructure that is

essential for reclamation projects. The construction of

such projects over an expansive soil is a serious

problem in that area. This study investigates the effect

of the fatigue phenomenon due to cyclic drying and

wetting on expansive soil type in Upper Egypt. This is

for the case of placing of different compacted soil

cushion between the foundation and expansive soil

under different normal applied pressure. Also, the

development of simple equations, which can be used as
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guides for site engineers, to estimate the number of

cycles and applied pressures which are needed to

reduce the potential of swelling soil is proposed

according to the method of treatment.

MATERIALS AND METHODS  

The soil samples were brought from the Upper

Egypt south of Aswan City, Toshka area during the

construction of irrigation projects; they were extracted

by the core method. The samples were taken from a

depth 3 to 5 m below the original ground level. The

undisturbed specimens used have a dimension of 50

mm in diameter and 15 mm in height. These

dimensions were used to adapt with the standard

dimension of odometer apparatus used in this study,

where its ring of 50 mm in diameter and 20 mm in

height. The undisturbed specimens with previously

mentioned dimensions were extracted from large

undisturbed cylindrical boring samples. The physical

and mechanical properties of expansive soil type are

illustrated in Table 1. 

Two different materials sand and the mixture of

sand-lime were used as a cushion. The sand type used

in this study is medium to fine. Based on the results of

50sieve analysis the nominal mean size, D , coefficient

c uof curvature, C , and uniformity coefficient C  were

found to be 0.38 mm, 1.14, and 2.68 respectively. The

lime used is a common commercial hydrated lime Ca

 2  (OH) and the value of pH was found to be 12.4. The

percentage of sand and lime in the mixture of sand-

lime used as a cushion is two portions of sand to one

portion of lime. Modified compaction tests were carried

out on sand and the mixture of sand-lime to determine

the maximum dry unit weight and optimum moisture

content that is needed during the sample preparation.

These values were found to be 1.80 gm/cm  and3

10.45% for sand, while for the mixture of sand-lime

the values were 1.71 gm/cm  and 10.56%, those3

corresponding to maximum dry unit weight and

optimum moisture content respectively. The odometer

apparatus used in this study to determine the swelling

pressure in both cases of the presence and absence of

soil cushion due to the cyclic of wetting and drying.

Three different cases were considered, swelling soil

without cushion; placing of sand cushion over swelling

soil; and placing of the mixture of sand-lime cushion

over swelling soil. The undistributed expansive soil

specimen with the aforementioned dimensions was

placed on the odometer ring. The soil cushion was

compacted using static load in the ring with a height of

5 mm over expansive soil. After completing the sample

preparation in the odometer ring, the sample was

immersed in water and the reading of dial gauge was

taken every 12 hours until the full swelling was

completed. After the complete swelling, the sample was

dried in the oven to reach the state of initial water

content and then the water was added to the sample

again. The maximum number of drying and wetting

cyclic was six.  

RESULTS AND ANALYSIS 

The degree of swelling for this type of expansive

soil is very high according to the percentage of free

swelling. Aforementioned, two types of soil cushions -

sand and the mixture of sand-lime - were used.  The

swelling ratio is defined as the total height of the

sample after full swelling occurred divided by the

original height of sample before swelling occurred.

Figure 1 shows that the swelling ratio decreased with

the increase of normal applied pressure for different

cases. The results obtained from Figure 1 are in

agreement with the results obtained by Zhang et al.

(2006). The swelling ratio decreased when the soil

cushion was introduced. Also, it can be observed that

the lowest values for swelling ratio are obtained in the

case of the mixture of sand-lime cushion compared

with other cases. The decrease of swelling ratio entails

the reduction of the potential of the swelling pressure

of expansive soil. Based on the values of swelling

pressure for different study cases, it can be reported

that the percentage of reduction in swelling pressure

values are 13% and 24% corresponding to sand

cushion and sand-lime cushion respectively. It can be

concluded that the sand-lime cushion is the best

compacted soil cushion type used. This result agrees

with the results of Marei . It can be explained that[6]

the main reason for getting the higher reduction in

swelling when the sand-lime cushion is introduced is

related to the process of cation exchange. It will be

associated with additional reduction in swelling

comparing with the case of using sand cushion. 

Figure 2 shows the effect of fatigue gained from

the wetting and drying cycles on expansive soil in case

of the absence soil cushion at different normal applied

pressures used. Figure 2 shows that increasing the

number of drying and wetting cycles is associated with

decreasing in the swelling ratio for different values of

applied pressures. It can be observed that the swelling

ratio values for the first cycle are 1.36, 1.30,, 1.26 and

1.20 that correspond to the different normal applied

pressures of 0.07, 1, 2 and 3 kg/cm  respectively.2

While for the same applied pressures, the values of the

sixth cycles are 1.17, 1.13, 1.1 and 1.07 respectively.

Based on these values, one can observe that the fatigue

gained from the cycles of wetting and drying has a

significant effect on the reduction of swelling potential

at different normal applied pressures used.
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Table 1: Physical and mechanical properties of tested soil

Property Value Property Value

Liquid limit, LL, (%) 84.85 Colour Dark grey

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plastic limit, PL, (%) 39.80 Texture Hard laminated

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Shrinkage limit, SL, (%) 10.05 Activity (PI/clay fraction) 1.30

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plasticity index, PI, (%) 45.05 M ontmorillonite, (%) 40.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Specific gravity, (Gs) 2.68 Kaolinite, (%) 59.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Natural water content, (%) 6.85 Illite, (%) 1.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bulk density, (gm/cm ) 2.18 pH 7.403

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3Percentage of clay (< 0.002 mm) 34.75 So --  (p.p.m.) 825.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Swelling pressure, Ps, (kg/cm ) 4.26 Total soluble salts, (p.p.m.) 2035.002

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Free swelling, (%) 118 Na   (p.p.m.) 540.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Degree of expansion Very high Cl    (p.p.m.) 520.00

Fig. 1. Swelling ratio against soil cushion type at different normal applied pressures

Fig. 2: Effect of fatigue gained from wetting and drying cycles on the potential of swelling in case of absence of

cushion
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Figures 3 to 5 illustrate the effects of wetting and

drying cycles in the case of the use of compacted soil
cushion over expansive soil. It can be noted from these

figures that the sand-lime cushion at different normal
applied pressures used gave the best performance for

the reduction of swelling ratio compared with other
studied cases. Also, it can be concluded that the fatigue

phenomenon depends on the number of cycles, the
value of applied normal pressure, and the type of soil

cushion. This means that increasing the number of
cycles and the normal applied pressure has a significant

effect on the role of the fatigue phenomenon to reduce
the potential of swelling pressure of expansive soil.

Based on the results of this study, the mechanism of
wetting and drying cycles using compacted soil cushion

is a suitable solution to prevent the damage of
structures constructed over expansive soil in the study

Upper Egypt area. 

Mathematical Model Development: Based on the
experimental results, three regression models were

developed to describe the study cases. Regression
models were developed to facilitate interpretation of the

laboratory results and to serve as a guide in predicting
the swelling ratio, swelling percent, and swelling

pressure for this soil type. This was done especially in
this study area to save the cost and time. Models were

formulated using swelling ratio (SR) as the dependent
variable and the number of cycles (NC) and the

applied pressure (P) as independent variables. The
validity of the regression models was verified by the

coefficient of determination (R ) and F statistic. The2

results of observation and estimation values were

examined with regard to the limitation of upper and
lower values that is used as a judge for the confidence

or accuracy level as shown in Figure 7, for example,
in case of the absence of sand cushion. The same

reasonable results and trends for all study cases were
obtained. It is clear from this figure the trend of SR

estimated curve is closed with the trend of SR
observed. Also, for both SR estimated and observed

values are located in between the limitation of upper
and lower values. It can conclude that, the confidence

level of SR estimated is high and reasonable.
The following three models describe all studied

cases: absence of cushion, application of sand cushion,
and application of sand-lime cushion that corresponds

to equation (1), equation (2) and equation (3)
respectively.

(without cushion)SR   = 1.40 + P × (-0.040) + NC × (-0.03)

R  = 0.984                 (1)2

(Sand cushion)SR   = 1.30 + P × (-0.026) + NC × (-0.02) 

R  = 0.988                 (2)2

(Sand-Lim e cushion)SR  = 1.22 + P × (-0.019) + NC × (-0.02)

R  = 0.981                 (3)2

Where SR is the swelling ratio for different study

cases, P is the applied pressure, (kg/cm ) and NC is the2

number of cycles. The available range for these models

depends on the values of applied pressure and the
number of wetting/drying cycles used. The acceptable

value of SR is less than or equals one. In case of
applying only wetting/drying cycle without applied

pressure (equation-1), the number of wetting/drying
cycles can be used is less than or equals 13. While in

the case of applying both of applied pressure and
wetting/drying cycles (equations 2 and 3), the value of

applied pressure is less than or equals 3 kg/cm  and the2

number of cycles is less than 8.

By knowing the desired values of applied pressure
and the number of cycles, the swelling ratio can be

estimated for any of the cases under study. By
substituting in equation (4), the value of swelling

percent can be calculated. Based on the value of the
swelling percentage, the swelling pressure also can be

calculated.
Swelling percent, (SP %) = (SR - 1) ×100 SR $ 1.00

                (4)
Figure 8 shows the observed SR versus the

estimated SR in the case of the application of sand-
lime cushion. Figure 8 shows that a high linear

correlation exists between the observed and estimated
SR. The same trend curves were observed for other

cases. The coefficients of determination for the three
models are all above 0.98. To examine the significance

of the regression models, analysis of variance
(ANOVA) was applied. Analysis of variance (ANOVA)

is an analysis used to compare two or more means to
see if there are any reliable differences among them

. ANOVA is a set of analytic procedures based on[10]

a comparison of two estimates of variance. The first

estimate is the error variance, which comes from
differences among scores within each group. The

second estimate comes from differences in group
means and is considered a reflection of group

differences plus error. Differences among variances are
evaluated as ratios, where the variance associated with

differences among sample means is in the numerator,
and the variance associated with error is in the

denominator. The ratio between these two variances
forms and F distribution, which is referred as F

calculated. F distributions change shape depending on
degrees of freedom in both numerator and denominator

of the F ratio. Thus tables of critical F, for testing the
null hypothesis, depend on two degree-of-freedom

parameters, which is referred as F critical or F
tabulated. If F calculated is greater than the F critical

it may be concluded that means were drawn from
different sampling distributions of means. If F

calculated is less than F critical it may be concluded
that the entire group means come from the same

distribution of means.
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Fig. 3: Effect of the number of cycles on the swelling ratio for different cases at applied pressure of 0.07 kg/cm2

Fig. 4: Effect of the number of cycles on the swelling ratio for different cases at applied pressure of 1 kg/cm2

Fig. 5: Effect of the number of cycles on the swelling ratio for different cases at applied pressure of 2 kg/cm .2
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Fig. 6: Effect of the number of cycles on the swelling ratio for different cases at applied pressure of 3 kg/cm2.

Fig. 7: Values of swelling ratio against number of observations.

Fig. 8: Observation versus estimation values of swelling ratio in case of application of sand-lime cushion



J. Appl. Sci. Res., 5(12): 2277-2284, 2009

2283

Table 2: Summary output of regression analysis in case of application of sand-lime cushion

ANOVA df SS M S F Significant F

Regression 2 0.042052791 0.0210264 626.4660296 1.90225E-19

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Residual 21 0.000704834 3.356E-05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 23 0.042757625

Analysis of variance (ANOVA) test shows that the

F-value is greater than F-critical, which confirms the
significance of the regression models as shown in

Table 2, with an example in the case of application of
sand-lime cushion.

The regression model is also verified using results
of a previous study conducted by Popescu . He[7]

reported that the behavior of expansive soil with crumb
structures under wetting and drying cycles reached

relative equilibrium after the application of fifteen
cycles. Regression model (equation-1) that describes the

case of application of wetting and drying cycles only
in the absence of cushion is used to verify regression

model with the results obtained by Popescu. The value
of applied pressure was assumed zero and the number

of cycles was taken to be 13 to match with the range
of this model. By substituting these values in equation-

1, the value of swelling ratio was found to be 1.01.
Using results from the regression model in equation-4,

the value of swelling percent was found to be 1%. This
means that after applied more than 13 cycles of

wetting/drying, there is no significant effect for
swelling potential or the behavior of swelling soil

reached relative equilibrium, which agrees with the
results of the study done by Popescu . Based on this[7]

agreement between regression model results and
laboratory results, regression models can be used as a

guide for estimating the desired reduction in swelling
percent to satisfy design criteria based on the type of

treatment mechanism for swelling soil especially in
study area. 

Conclusions: Based on the laboratory and regression

models results, it is concluded that:
C Application of compacting sand soil cushion,

especially when it comprises lime over expansive
soil, has a significant effect on reducing the

potential of swelling pressure.
C The use of drying and wetting cycles in both cases

of the presence or absence cushion has a large
effect on the reduction of swelling ratio. This

method is considered the suitable solution to
prevent the damage of structures due to expansive

soil in Upper Egypt area.
C The fatigue phenomena gained from drying and

wetting cycles depends on the number of cycles,
the value of applied normal pressure, and the type

of soil cushion used.
C Regression models were developed based on

laboratory results to predict the potential of

swelling to save the cost and time. A good

agreement between observed and predicated values
was obtained for all study cases.     
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