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     Expansive soil is found in many regions in Egypt, especially in the new desert cities including 
New Sohag City (town in Upper Egypt). In this study, the soil samples were taken from the place 
of the Faculty of Veterinary Medicine at New Sohag University from a depth of 5 meters and it’s 
used in the experimental program. The physical and mechanical properties of the natural soil 
were obtained. Then the soil was treated with chemical additives (Addicrete P and Addicrete 
BV) 0.5%, 1% and 2% by dry weight of soil. After treatment of soil the properties of the samples 
were investigated at different times. The natural soil properties were used as control points for 
comparison purposes. The main results show that with increase of Addicrete P the Plastic limit 
increases and liquid limit decreases, hence decreases plasticity index and it is revealed that a 
change of expansive soil texture takes place when Addicrete P are mixed with expansive soil. 
While Addicrete BV does not effect on the Atterberg limits or the soil texture. As the amount of 
“Addicrete P or Addicrete BV” is increased, there are apparent reductions in optimum moisture 
content, unconfined compressive strength, free swell, swelling potential and swelling pressure. A 
corresponding increase in maximum dry density was noticed. The paper contains on the many 
important test results and these results analyzed to establish optimum dosage levels for each of 
the treated additives. Based on the results obtained, it can be concluded that the expansive soil 
can be successfully improved by Addicrete P and Addicrete BV.  
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1 Introduction 

      Expansive soils denote clayey soils that not only possess the tendency to swell or increase in 
volume but also to shrink or decrease in volume when the prevailing moisture condition is 
allowed to change. Extensive studies have been carried out on the stabilization of expansive 
soils using various additives such as lime, cement, fly ash, industrial waste products and 
Polypropylene Fiber. Lime is widely used in civil engineering applications. (Zhang et al 2002, 
Amer et al 2005, Amer and Mattheus 2006, Arvind et al 2007, Ilknur et al 2010, Jagadish et al 2010, 
Muzahim et al 2012, Maria et al 2013) found that when lime is added to clay soils in the presence of 
water, a number of reactions occur leading to the improvement of soil properties. Adding of lime 
significantly reduces the swelling potential, liquid limit, plasticity index and maximum dry 
density of the soil, and increases its optimum water content.  Cement stabilization is similar to 
that of lime and produces similar results. Cement stabilization develops from the cementitious 
links between the calcium silicate and aluminate hydration products and the soil particles.  Add 
cement to clay soil reduces the liquid limit, plasticity index and swelling potential, also it causes 
increasing the shrinkage limit and shear strength Amer et al (2005) and Croft (1967) .Fly ash 



International Conference on Advances in Structural and Geotechnical Engineering (ICASGE 2015) 
 

2 

produced in the combustion of coals exhibits self-cementing characteristics and can be used in a 
wide range of stabilization applications. Laboratory test results indicate that fly ash is effective 
in improving the texture and plasticity of the fly ash treated soils by reducing the amount of clay 
size particles, plasticity index and the swell potential (Ezekwesili et al 2009, Vinay 2011, Mir et al 
2013). Fiber inclusions cause significant modification and improvement in the engineering 
behavior of soils. One of the primary advantages of randomly distributed fibers is the absence of 
potential planes of weakness that can develop parallel to oriented reinforcement, Mirzababaei et al 
(2013). However, studies related to using liquid chemical additives and the long-term stability 
characteristics with respect to the influence of environmental factors (durability) of treated 
expansive soils are limited. In the study presented in the paper, untreated and treated expansive 
compacted soil specimens were studied through the aforementioned tests and compared with 
some results of stabilized soil. 
 
2  Experimental Program 

2.1   Materials  

2.1.1  Natural soil 

 Swelling soil was obtained from Faculty of Veterinary Medicine at New Sohag City at a depth 
of 5 meters. Natural soil was greenish grey, very hard, laminated silty clay with traces of fine 
sand and calcareous matters. The ground water table was not being found. A test pit was 
excavated to obtain disturbed samples. Soil samples were transported to the Soil Mechanics 
Laboratory at Sohag University for preparation and testing. The physical and mechanical 
properties of the untreated soil are shown in Table 1. The geotechnical tests were performed in 
accordance with (Egyptian Code of Soil Mechanics and Foundation Design and Construction, 2009). 
Based on Casagrande plasticity chart, the soil was classified as high plasticity inorganic clay 
(CVH). X-ray diffraction analysis of clay minerals showed the presence of montmorillonite 
(73.7%), illite (5.3%) and kaolinite (21%). Properties of soil showed a plasticity index (39.7%), 
an activity of 0.945 and an average free swelling of 185%, an average swelling potential of 40% 
and an average swelling pressure of 3.95t/m3. According to the Van der Merwe [14] classification 
system, the soil was classified as always problematic soil. 

Table 1. Properties of  natural soil. 

Properties Values Properties Values 
Natural water content (%) 3.4 pH 8.9 

Field dry unit weight (t/m3) 2.05 “L.L%” 70.7 
Specific gravity 2.69 “P.L%” 31 

Passing No. 200 sieve (%) 90 “P.I%” 39.7 
Clay content (≤ 2 µm) (%) 42 “O.M.C %” 16 

Clay activity 0.945 “γd max” (t/m
3) 1.522 

Unified Soil Classification CVH UCS (kg/cm2) 6.035 
Montmorillonite (%) 73.7 “F.S%” 185 

Illite (%) 5.3 Swelling Potential (%) 40 
Kaolinite (%) 21 Swelling Pressure (kg/cm2) 3.95 

2.1.2  Chemical additives 
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Where the clayey expansive soil is the basic component of the Cement and it is striking 
similarity in the properties. Therefore, this study was carried out to treat of expansive soils using 
additives (Addicrete P and Addicrete BV). Properties of Additives are given in Table 2. 

Table 2. Characteristics of additives 

Properties ADDICRETE P ADDICRETE BV 
Field Of Use Lime Replacer, Mortar Plasticizer Water reducing and plasticizer concrete 

admixture 
Base Selective synthetic polymer Ligno-sulphonates 

Appearance Light brown Liquid Brown liquid. 
Density 1.01 ± 0.01 kg/lit. 1.18±0.01 kg/lit. 

 
2.2   Laboratory Tests  

The soil was placed in an oven at 105 oC for 24 hrs. The dry soil was pulverized to minus 40 
sieve size. Then the soil was mixed with the additives at percentages 0.5%, 1% and 2% of unit 
weight of dry soil. And it was preserved in a technical manner until practical use in the program 
to cure for different curing time (3, 7 and 28) day at temperature 35°C.  Influence of additives on 
the geotechnical characteristics of expansive soil was investigated by conducting Atterberg 
Limits, standard Proctor compaction tests, unconfined compression tests, and swelling tests at 
different time.  The details of the tests performed are given in the following sections and the 
results of these tests are given in Table 3. 
 
3   Results and Analysis 

Results of the standard compaction Proctor tests, Atterberg limits and swelling tests with the 
natural and with additives states of the clay samples are shown in Table 3. 

3.1   Atterberg Limits 

The soil texture, liquid limit, plastic limit and plasticity index of the untreated and treated 
samples with Addicrete P and Addicrete BV are shown in Figs.1and 2. The results of the 
Atterberg limits tests on the soil samples in natural state and when mixed with varying 
percentages of Addicrete P show that there is a decrease in both liquid limit and plasticity 
index and an increase in plastic limit with increasing Addicrete P content and continues with 
an increase in curing time. But for Addicrete BV, there is approximately unchanged in liquid 
limit or plasticity index at the different times. 

3.2   Compaction Characteristics 

Figure 3 shows the relation between maximum dry density and optimum moisture content. 
From the figure, it is observed that the compaction curve is shifted upward and toward the 
left with increasing additives. The addition of Addicrete P and Addicrete BV caused an 
increase in γd max and a decrease in O.M.C.  Also it’s found that the rate of increase in density 
and decrease in optimum moisture content has reduced with increase percentage of additives. 
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Table 3. Properties of natural and treated soil. 

3.3 Unconfined Compressive Strength (UCS) 

The relation between unconfined compressive strength and the percentages of additives are 
illustrated in Figure 4. From the figure, it can be seen that the unconfined compressive 
strength of expansive soil is decreasing with increasing the rate of Addicrete P or Addicrete 
BV. Moreover, the unconfined compressive strength of expansive soil mixed with Addicrete 
P is decreasing with increasing the time. However, the unconfined compressive strength of 
expansive soil mixed with Addicrete BV is increasing with increasing the time. 

Time Characteristics Natural 
0.5% 

P 
1.0% 

P 
2.0% 

P 
0.5% 
BV 

1.0% 
BV 

2.0% 
BV 

--- 
Max. Dry Density (t/m3) 1.52 1.53 1.54 1.54 1.58 1.62 1.63 

Optimum Moisture Content% 16.0 14.0 13.2 12.4 15.2 14.4 13.2 

3 days 

Liquid Limit%  “L.L%” 70.7 64 60.7 60.5 70.5 70 70 

Plastic Limit%  “P.L%” 31 31.5 32.5 33.5 34 34.5 34.5 

Free Swelling%  “F.S%” 185 150 100 90 165 120 110 

Swelling    Potential % 40.0 36.4 21.2 18.6 35.1 18.6 18.2 

Swelling Pressure (kg/cm2) 3.95 3.71 3.55 3.55 3.55 3.39 3.31 

Unconfined Compressive 
Strength “UCS” (kg/cm2) 

6.04 5.05 3.65 2.87 4.15 3.05 2.7 

7 days 

Liquid Limit%  “L.L%” 70.7 63.5 60.5 60.5 70.5 71 71 

Plastic Limit%  “P.L%” 31 31.5 33 34 33 33 33.5 

Free Swelling%  “F.S%” 185 140 100 85 150 115 85 

Swelling    Potential % 40.0 22.6 19.5 16.2 21.6 16.3 14.2 

Swelling Pressure(kg/cm2) 3.95 3.16 2.61 2.45 2.85 2.53 2.37 

Unconfined Compressive 
Strength “UCS” (kg/cm2) 

6.04 4.01 3.12 2.84 5.69 5.22 4.79 

28 
days 

Liquid Limit%  “L.L%” 70.7 57.2 56.4 55.5 70 69 69.8 

Plastic Limit%  “P.L%” 31 31.5 33 34.5 32 33 33 

Free Swelling%  “F.S%” 185 90 80 60 105 80 75 

Swelling    Potential % 40.0 20.3 18.6 15.9 18.3 15.3 12.3 

Swelling Pressure(kg/cm2) 3.95 3.09 2.53 2.37 2.53 1.9 1.66 

Unconfined Compressive 
Strength “UCS” (kg/cm2) 

6.04 4.00 3.05 2.25 5.87 5.66 5.12 
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Figure 1. Effect of additives on liquid limit 

 

 

 

 

 

 

 

Figure 2. Effect of additives on plastic limit. 

 

Figure 3. Effect of additive on the compaction Proctor test. 
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Figure 4. Effect of additives on unconfined compressive strength. 

3.4  Swelling Characteristics 

3.4.1  Free swelling  

The free swell decreases as mixed with additives. Also it’s found that the rate of reduction of 
free swelling due to using of Addicrete P is greater than using of Addicrete BV.  The free 
swelling values are decreasing with increasing the rate of Addicrete P or BV. Then, the rate 
of reduction in free swelling is great up to 1.0% additive then approximately the additive 
hasn't effect. (as shown in Figure 5). 

3.4.2. Swelling potential and swelling pressure 

The swelling potential and swelling pressure values are decreasing with increasing the rate of 
Addicrete P or BV. Then, the best additive content for reduction swelling potential and 
swelling pressure of expansive soil seems to be 0.5%, as no significant gain in swelling 
pressure was obtained by using higher ratios of additives content. Moreover, further 
reduction in the swelling potential and swelling pressure are obtained with an increase in 
curing time. (as shown in Figures 6 & 7). 

 

 

 

 

 

 

Figure 5. Effect of additives on free swelling. 
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Figure 6. Effect of additives on swelling potential. 

 

 

 

 

 

 

 

Figure 7. Effect of additives on swelling pressure. 

4.   CONCLUSIONS 

Based on the test results and the above analysis, It can be concluded that: 

• The liquid limit and plasticity index of expansive soil decrease, and the plastic limit of 
expansive soil increases with increase rate of Addicrete P and continues with an 
increase in curing time. However, there is approximately no change in liquid limit, 
plastic limit and plasticity index with adding Addicrete BV at different times. 

• An increase in γd max and a decrease in O.M.C. can be happened on expansive soil with 
adding of Addicrete P and BV. Note that adding Addicrete BV is more effective to 
increase the density of soil than adding Addicrete P.  
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• The rate of unconfined compressive strength of soil decreases with increasing in additives 
percentage up to 1% additive, then this reduction is decreases. Moreover, the 
unconfined compressive strength of expansive soil mixed with Addicrete P is 
decreasing with increasing the time. However, the unconfined compressive strength of 
expansive soil mixed with Addicrete BV is increasing with increasing the time. 

• Swelling values (free swelling, swelling potential and swelling pressure) decrease when 
the soil is treated with additives. The rate of decrease is great up to 0.5% additives, and 
then the reduction approximately is constant. Moreover, further reduction in the 
characteristics of expansive soil is obtained with an increase in curing time.   

• From the results of the present study, Addicrete P and Addicrete BV can be used to be 
good stabilizers of expansive clay soil.  
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