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ABSTRACT 
Cyclic of heave and settlement of expansive represent one of the main reasons to considerable 
damages of structures, roads and highways. In Egypt there are many areas containing such 
expansive soils especially at the arid and semi-arid lands. Some studies used salty water with 
various concentrations to minimize the swelling behaviour of expansive clayey soils.  
In this paper an evaluation for the effectiveness of this technique was carried out based on series 
of lab experimental tests. Prepared remolded samples were treated with different concentration of 
salt water and the swelling behaviour, engineering properties, and heave parameters were studied 
using one-dimensional oedometer test. The effect of potable water on the dried-pretreated sample 
with salty water was also investigated. The results of the study indicated that, salt water treatment 
may be unpractical technique. Inundation with salty water may apparently minimize soil heave, 
however, soil treatment should be applied all through the lifespan of the structure, otherwise, 
when dry treated soil is subjected to seepage of fresh water, it may yield higher swelling 
potential. 
Keywords: Salty water, Salt water treatment, Oedometer test, Expansive soil.  

  
  ملخص البحث

 یتم  وذلك عند ترضھا للمیاه حیث والطرقالمنشأتفي   لألضرار الكبیرة   أحد األسباب الرئیسیةتعتبر التربة القابلة لالنتفاش
 في الغالب إلى وجود معادن ینالط في االنتفاش التي تحدثتغیر حجمھا عند الترطیب والتجفیف وتعزى ظاھرة 

 خاصة في القابلة لالنتفاش وتربة ال یوجد في مصر العدید من المناطق التي تحتوي على و. مونتموریلونیت الموجودة فیھا
 كأحد الطرق للحد من  المیاه المالحة اماستخد وتم اللجوء الي عدة طرق لمعالجة ھذه التربة ومنھا األراضي الصحراویة

اختبار  المعملیة حیث تمفي ھذا البحث تم إجراء تقییم لفعالیة ھذه التقنیة على أساس سلسلة من االختبارات  .نتفاشظاھرة اال
ً أیضا تم .  ، والخصائص الھندسیةاالنتفاش مع تركیز من المیاه المالحة  وتمت دراسة سلوك عینات من التربة القابلة لالنتفاش

  . المسبقة مع المیاه المالحةاتلى العیندراسة تأثیر الماء الصالح للشرب ع
قد یؤدي الغمر بالمیاه المالحة إلى تقلیل  اقتصادیة غیر تقنیة ھي المالحة المیاهب  التربةمعالجة أن وأشارت نتائج الدراسة الى

لك إلى زیادة تتعرض التربة الجافة إلى تسرب المیاه العذبة قد یؤدي ذو  ولكن حین یتم وقف المعالجة التربةاالنتفاش في
 كما أوصت الدراسة بعمل تجارب فى المستقبل .الھیكل عمر طوال للتربةالمعالجة  عملیة أجراء ینبغي  حیثاالنتفاش

  .لمعالجات مختلفة وبنھج خطوات مختلفة
 

  1. INTRODUCTION  
The expansive soil is distinguished by its high/drying volume change upon wetting and loco. Its 
treatment is necessary as its clay particles attract moisture and adheres on it to produce 
considerable volume increase of soil. The high swelling or expansion phenomenon in clays is 
predominantly attributed to the existence of montmorillonite minerals in clay particles. 
Expansion so as shrinkage can cause damage to structures above similar soil 
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Traditional methods for treatment of expansive soil do not offer a permanent heal. Traditionally, 
ineffective costly methods are implemented to minimize the volume change of expansive soil, 
however, most of these methods seem to be uneconomic; destructs environment and do not fix 
the problem permanently. 
This research is focused to evaluate the effectiveness of minimizing expansive soil heave by 
inundation with salty water. 10 compacted samples were prepared with ɤd = 17 kN/m3 and with 
different testing periods.   
The basic concept behind chemical stabilization for expansive soil is that, expansion occurs 
because of absorption water molecules in the diffuse double layer through three possible 
mechanisms, the stabilization works on the concept of introducing cation of high valence than 
that of water, which gets attracted to the clay minerals and brings clay minerals closer together 
(Mahesh et al., 2017). 
Prithiviraj et al. (2017) reported that, the soil - salinity interactions changes the soil behavior, it is 
mainly due to types of cations in saline water and types of clay mineral in soil layers. Seawater 
had a strong impact especially on the montmorillonite clay type.  Thus the effects of pollutants on 
soil are complex; and can be studied by understanding the factors such as ion exchange (cation 
exchange and anion exchange) or nature of pore fluid (electrolyte concentration, dielectric 
constant, acidity and alkalinity). 
 
Some studies investigated the impact of water salinity on the geotechnical characteristics of 
expansive soils (Arumairaj and Sivajothi, 2011, Otoko, 2014; Bale et al, 2015; Rajkumar et al., 
2017, Souhila, 2018), using different concentration of NaCl (i.e. 0, 2, 4, 6, and 8%) they found 
that, atterberg limits decreased by increasing salt content, while the maximum dry unit weight 
increased by adding solute water.  
Elmashad (2016) studied the effect of adding salt water on the swelling characteristics of 
expansive soil, the results showed that increasing the salt concentration results in a major 
decrease in the swelling characteristics. Some of these studies indicated that, the most effective 
salt concentration is about 20% after which the increase in salt concentration seems to be of 
minor effect.  
Sultani and Estabragh  (2015)  found that, The use of high concentration of NaCl solution 
(250g/L) acted as a sodicity agent while the use of 50 g/L NaCl solution acted as a salinity agent. 
As a result , the overall swelling potential was seen to be greater for soil samples prepared with 
250 g/L NaCl solute compared to distilled water and 50 g/L NaCl solution , respectively. 
Therefore , the use of low concentrations of NaCl solution can act as an additive stabilizer agent , 
that is not only economical compared to traditional methods of stabilization (for example the use 
of cement, lime and fly-ash) but also widely available in most arid and semi-arid regions. 
Dubey and Jain (2015) explained that, the intervention of origin electrolyte (sodium chloride 
dissolved in distilled water) would result in change in the ion exchange capacity, perhaps due to 
adsorption. The ion concentration reduces the repulsive forces and increases the effective stress 
leading to flocculation of clay particles which reduces the plasticity. 
 
Some studies investigated the effect of common salt on some geotechnical properties of 
expansive soil for highway pavement (subgrade) works, by mixing the soil with saline water 
(Magdi et al., 2016; Durotoye, et al.2016; Arora, et al., 2018). The samples used were air dried 
then pulverized and sieved through a sieve of 4.75 mm to eliminate gravel fraction. The soil 
sample was stored in airtight containers for stabilization. The soil sample kept for stabilization 
was mixed with sodium chloride solutions of varying concentrations. They found that,  treatment 
of the studied expansive soil has the effect of reducing the values of the geotechnical index 
properties (liquid limit, Plasticity index and linear shrinkage, free swell index) of the soil and 
hence its tendency to swell; and increasing the strength characteristics (California Bearing Ratio, 
Maximum Dry Density and the Unconfined Compressive Strength).  
Swell potential of expansive soils is generally determined by one-cycle of wetting. However due 
to environmental effects, soils in nature are ceaselessly subjected to wetting-drying cycles. It has 
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been showed that the number of wetting-drying cycles play an important role in the behavior of 
expansive soils (Chen, 2013). 
4. Experimental Work 
10 remolded compacted samples were prepared with ɤd = 17 kN/m3. One sample (S1) was tested 
and its swell was taken as reference value. For tested of (S2) to (S4) each sample was tested 3 
times to ensure the homogeneity of the results.  
4.1 Sample Material 
Sample blocks of (Soil description) were extracted from a site at the new administrative capital – 
Cairo - Egypt. The blocks were oven dried and pulverized to be in powder form. The dry samples 
were prepared by compacting soil powder to reach a density of about 17kN/m3. The prepared 
samples were with diameter of 63 mm and height of 16 mm. 
4.2 Soil Properties 
The properties of the investigated soil were determined in the laboratory and its characteristics 
are listed in table (1). 

Table (1) Implemented soil characteristics 

Atterberg limit 

S Soil Type of water 

Free 
swell 

% 
(Sf) 

Specific 
gravity 

(Gs) 
L.L P.L P.I 

Density 
kN/m3 

Water 
content 
(Wc)% 

1 Fresh water 126 2.71 43.80 18.23 25.57 

2 
Silty  
clay  * Salty water 

200g/L 20%  73 2.45 34.18 18.80 15.38 

 
 

17 

 
 

8.30 
*[(200g/L) Prithiviraj et al. (2017). 

  4.3 Experimental Program 
The samples were prepared; figure (1). Samples were treated with different salty water 
concentration. They were investigated using one-dimensional oedometer.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure (1) Soil Sample Preparation  



 
 

ASSESSMENT OF SOIL HEAVE STABIZATION USING SALTY WATER TECHNIQUE 
 

JAUES, 14, 51, 2019                                                                                    
 

- 464 - 

10 samples were examined (S1 to S10). One of the samples was considered as a reference sample 
S1, where it was immersed in fresh water without any treatment. For samples S2 to S10, the salt 
was dissolved in normal water to make salt solution of salinity 20% (200g/L). 
 
4.4 Experimental Procedures Measurements 
Different test procedures and durations were adopted to evaluate the heave of the prepared soil 
samples in the following conditions: (a) inundation the prepared samples by salty water; (b) 
gradually drying of the submerged samples, and (c) re-inundation of pretreated dried sample with 
fresh water. 
 
4.4.1 Testing with Fresh Water (Sample S1) 
Sample (S1) was immersed in fresh water for one month under seating load of about 12.50 
kN/m2, with continues inundation to compensate for the absorption and evaporation processes in 
order to maintain the water level constant throughout the test period. The measured heave with 
time is plotted versus time as shown in Fig. (2) The measured soil heave is about 5.83 mm, i.e. 
the axial free swell (A.F.S.) is about 36.43%.  
 

 

 

 

 

 

 

 
Figure (2) Time- heave relationship for (S1) in fresh water for period of one month 

 
4.4.2 Testing wet Salty Water –Dry- wet Fresh water (S2) 
Sample (S2) was immersed in saline water with a concentration of NaCL with 20% (200g/L) for 
one month. The heave after 4 days reached a value of about 1.72 mm, i.e. the axial free swell was 
about 10.75%. The reduction in swelling due to soaking with salty water was about 70% 
compared to that of sample (S1). However, after removal the salty water and left the sample to 
dry for about one month, adding fresh water had led the sample to yield additional heave to reach 
a value of about 6.75 mm, i.e. the A.F.S. becomes about 42.19%  higher than that exerted by 
fresh water only of sample (S1) by about 15.80%. 
Increase in pore water salt concentrations or a growth in exchangeable cation valency will create 
shrinkage. Desiccation of the soil is the elimination of moisture induced by evaporation. As salt 
can’t be evaporating like water, then the concentration of salts will increase as moisture is 
eliminated and shrinkage will happen (Vanda, 2014). 
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Figure (3) Time- heave relationship for (S2) in salty water for period of one month, then salty water was 

removed , and sample kept dry for one month, then in fresh water 
  

4.4.3 Testing wet Salty Water - wet Fresh water (S3) 
 Sample (S3) was immersed in saline water with a concentration of NaCL with 20% (200g/L) for 
one month. The heave after 4 days reached a value of about 1.84 mm, i.e. the axial free swell was 
about 11.50%. The reduction in swelling due to soaking with salty water was about 68% 
compared to that of sample (S1). However, after removal the salty water and directly adding fresh 
water had led the sample to yield additional heave to reach a value of about 8.21 mm, i.e. the 
A.F.S. becomes about 51.31% higher than that exerted by fresh water only of sample (S1) by 
about 40.85%. 
 
 
 
 

 

 

 

 
 

 
Figure (4) Time- heave relationship for (S3) in salty water for period of one month, then salty water was 

removed, and then directly adding fresh water  
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4.4.4 Testing wet Salty Water (S4) 
The soil sample (S4) was immersed in salty water with 20% (200g/L) for one month, only once a 
time without continuous inundation, i.e. no compensation for water evaporation and sample 
absorption. The measured heave after one month was about 3.65 mm; the axial free swell in such 
case was about 22.81%, i.e. an apparent reduction in axial free swell by about 37.40%. 

 

 

 

 

 

 

 
 
 
 
 

Figure (5) Time–soil heave for sample (S4) in the case of treatment with salty water without continuous 
inundation 

 
5. Results Analysis and Discussions 
Change in fine grain soil behavior due to salt contaminants in the absence of strong interaction 
leading to mineralogical changes can be explained based on changes in the diffuse double layer 
theory and fabric changes. The amount of swell depends upon the type of mineral present in the 
soil and concentration of saline solution. 
The obtained swelling measurements under light seating load were carried out to simulate the 
field treatment techniques, and the probable conditions of drying and re-inundation with fresh. 
The results of sample (S4) represent the field treatment technique followed in some locations in 
Egypt (El-Dhabi technical report Egypt 2015)], inundation the soil with salty water only once a 
time, without continuous feeding with salty water. This technique had led to apparently reduction 
in soil swelling potential (18.25%) compared to that of sample (S1) immersed with fresh water 
(36.43%), i.e. a reduction by about 37.40%.  
The treatment technique with conditions followed in testing sample (S4), where the sample was 
firstly treated as sample (S1) with salty water, and then left until the soil becomes semi-dry after 
practically   salty water is fully absorbed and/or evaporated, in such case if the soil is subjected to 
re-inundation by seepage of fresh water, the measured swelling was about 40.05%, i.e. higher 
than the apparently swelling of (S4) by about 84%, and higher than that treated by fresh water 
(S1) by about 37.40% 
In case of assuming field conditions for pretreated sample with fully absorption and/or 
evaporation with wet soil (S3), due to the exchange ions by concentration of salt on the clay 
particles, and then with re-inundation with seepage fresh water, the measured swelling percent 
was about 51.31%, i.e. higher than the apparently reduced swelling percent of (S4) by about 
125%, and that inundated with fresh water by about 40.85%. The observations of the previous 
analysis are summarized in Table (2): 
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Table (2) Comparison between various treatment techniques followed for testing the samples 
Sample Treatment Technique Adding water A.F.S% Change 

(S1) Treated with fresh water for one 
month.  

continuous water 
feeding 

36.43% Reference  
Sample 

(S2) Treated with salty water for one 
month- drying for one month- 
inundation with fresh water. 

continuous water 
feeding 42.19% + 15.80% 

(Increase) 

(S3) Treated with salty water for one 
month- drainage of free salty water-
then directly inundation with fresh 
water. 

continuous water 
feeding 51.31% + 40.85% 

(Increase) 

(S4) Treated with salty water for one 
month only once a time. 

Without continuous 
water feeding 22.81% - 37.40% 

(Decrease) 
 

6. Conclusions and Recommendations 
The following conclusions and recommendations are based on the experimental results carried 
out in this study, to evaluate the effect of using salty water technique to minimize the swelling 
potential of expansive clayey soil, the conclusions are as follows: 
1- Inundation of swelling clayey soils by salty water without continuous feeding to compensate 

the effect of absorption and/or evaporation, may lead to change and increase the ion 
concentration with salt on the clay particles, and consequently higher ability for expansion.  

2- When dry or semi-dry pretreated soil with salty water was continuously immersed in fresh 
water, the swelling percent increased by about 84% to 125%. 

3- Salt water as chemical stabilization agent may show periodically reduction in swelling. 
Inundation with salty water may apparently minimize soil heave, however, soil treatment 
should be applied all through the lifespan of the structure, otherwise, when dry treated soil is 
subjected to seepage of fresh water, it may yield higher swelling potential.  

4- Some studies were based on mixing the swelling soil particles with different percentage of salt 
concentration in fresh water, and testing prepared compacted samples. Such technique may in 
general be unpractical, as it may only be used as subgrade for high way roads, if the hard 
swelling soil can be pulverized into powder, and the mixed soil can be practically compacted, 
as well as, the pavement will acts as sealing against seepage of water. 
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