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ABSTRACT 
Solid waste management is a serious setback over the world. Therefore, reduction, re-use and recycling of waste 
have become major issue in recent days. The use of recycled bassanite, in ground improvement projects is initiated 
recently in Japan to eliminate the huge quantities of gypsum wastes. The use of recycled bassanite has a positive 
effect on the environment and economy. It has challenges like release of fluorine more than the standard limits 
results in contaminate soil. This paper represents the effect of bassanite on clay stabilized soil by taking in 
consideration of the compressive strength and release of fluorine. Test results showed that, the addition of bassanite 
had a significant effect on the improvement of compressive strength by increasing the amount of bassanite. The 
release of fluorine increases with the amount of bassanite in soil mixture, it had a negative effect on the improvement 
of strength and consuming the amount of admixture. Recycled bassanite produced from gypsum wastes had a 
potential to be used as a stabilizer material for expansive clay soil and meet the standards of environment. 
 
 
 
1. INTRODUCTION  
 
Expansive soils have a peculiar problem of swelling and 
shrinkage due to moisture content variations. These 
swell-shrink movements cause considerable distress to 
the buildings and pavements either through heave or 
through settlement depending on the applied stress 
level and the soil swelling pressure. Hence, design and 
construction of civil engineering structures with 
expansive soils is a challenging task for geotechnical 
engineers around the world. There are many 
conventional mechanical treatments available for 
control of these problems. These include prewetting, 
soil replacement with compaction and  moisture control,  
surcharge loading and thermal methods (Chen 1988 
Nelson and Miller 1992). However, these methods have 
their own limitations with regards to their effectiveness 
and costs. 

New methods are still being researched to reduce 
the swell-shrink potential of expansive soils. 
Stabilization of expansive soils with various additives 
including lime, cement, fly ash, and calcium chloride 
has achieved some success. In general, cement-
stabilized soils are prone to high temperature cracking, 
whereas strength gain through lime stabilization is 
moderate. Furthermore, both stabilizers can be leached 
out from soils by water with passing time. Moreover, 
with cyclic wetting and drying, the beneficial effect of 
lime stabilization is partially lost on lime treated soils 
due to partial breakdown of cementation bonds and 
reduction in dry unit weight and moisture content. 
However in this study recycled bassanite is used to 
improve the properties of expansive soil. 

Increasing the use of waste and recycled materials 
in earthwork projects has created the necessity for a 
better understanding of the durability and strength 
performance of these materials against weathering 
conditions. In general, there are several researchers 
who have examined the utilization of different types of 
waste and recycled materials as a stabilizing agent to 

enhance the strength of weak soil (Atom and Al-Sharif 
1998, Miller and Azad 2000). 

The disposal of gypsum waste plasterboards in 
landfill sites presents many environmental challenges 
because of the increase in Fluorine solubility  above the 
acceptable limits. As a result, the disposal of gypsum 
wastes at traditional landfill sites is prohibited. The 
wastes must be disposed in controlled landfill sites, 
which leads to increased disposal costs (Kamei and 
Horai 2008; Ahmed et al 2011a). The most attention is 
to protect the environment by recycling gypsum waste 
plasterboards and reusing the produced recycled 
bassanite as an additive material for ground 
improvement. This application meets the challenges of 
our society by producing useful material from wastes, 
reducing the huge quantities of gypsum waste produced 
every year, minimizing the operation of landfill sites, 
and the costs of disposal. In the present study, recycled 
bassanite is used as a stabilizer agent for improvement 
of clay soil. Additionally, this study will evaluate the use 
of furnace slag cement as solidification agent to 
improve the environmental properties of clay soil 
treated with recycled bassanite.  

 
 

2. METHODOLGY 
 
The materials used in the present work are black cotton 
soil, recycled bassanite and furnace slag cement, which 
was collected from a site near NIT Warangal campus. 
Geotechnical characterization was done based on I.S. 
2720 and Scanning Electron Microscope (SEM) test 
was performed on the stabilized soil. The soil passing 
through 425 µ sieve has a plasticity index (PI) of 68% 
and a liquid limit (LL) of 98%. According to IS Soil 
Classification, the soil is classified as a clayey soil with 
High plasticity (CH). Particle size analysis was 
performed on the soil by following the standard 
methods and the result was shown in Fig. 1. Cement 
was having more amount of fines. The Standard Proctor 
compaction tests were also performed on the soil to 
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determine the maximum dry density (γdmax) and the 
optimum moisture content (OMC) which are 1.58 g/cc 
and 21.6% respectively. 
  
 

Figure. 1 The particle size distribution curve of the soil, 
gypsum and cement. 

 

The recycled bassanite used in the present study 
was crushed and then screened to remove any solid or 
contaminated materials, such as paper, wood, fibers, 
paints, and stones. The crushed gypsum waste was 
heated under temperatures ranging between 140° and 
160°C for a certain time to remove three quarters of the 
water molecules, and then recycled bassanite was 

produced as presented in the following equation. 
 
 

 
 
 
3. SAMPLE PREPARATION AND TESTING 
 
The recycled gypsum and tested soil was mixed in dry 
state to achieve homogeneous and isotropic properties 
for the mixture. The water content was determined for 
each sample before and after mixing process to know 
the effect of adding recycled gypsum on the water 
content. The unit weight for untreated and treated soil 
samples was determined by placing the sample in a 
cylindrical steel container with a known volume. To 
determine the optimum content of the recycled gypsum-
soil (B/S), pH meter test was performed. Furnace slag 
cement was mixed with B/S ratio to prevent the 
solubility of recycled gypsum. 

Cylindrical specimens were modeled for 
compressive strength. Oil was used to lubricate the 
inner sides of the molds to ensure no friction occurs 
during sample extraction. Subsequently, samples were 
subjected to different curing times 7, 14, 28 days at 
temperature (21°±1°c). 

 
 

4. RESULTS AND DISCUSSIONS 
 

4.1 pH data 
 
Different contents of recycled bassanite mixed with clay 
soil pH values were shown in figure 2, it appears that 
the additive of pure recycled gypsum (without cement) 
to clay soil has an insignificant effect on the value of 
pH.  A very limited change in the PH value in clay soil 
observed when recycled gypsum was introduced. Since 
the measured pH values were found to be between 7 to 
8 which are the neutral values for environmental 
regulations. The pH value for the mixture of 6% 
gypsum-soil is 7.57, further there is no much increase in 
pH value. When cement was introduced to tested soil, 
the pH value increased rapidly and this related to the 
cement being alkaline material.  
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Figure. 2 Effect of recycled bassanite – cement content 

on pH values of stabilized clay soil. 

 

 
4.2 Unit weight 
 
The effect of recycled gypsum content on the unit 
weight clay soil was examined. The values of unit 
weight for different samples treated with recycled 
gypsum were plotted against the contents of recycled 
gypsum and are presented in figure 3. 

The increase in the content of recycled gypsum is 
associated with a significant increase in the unit weight 
for different contents of recycled gypsum 0%,4%,6% 
and 8% of B/S ratio. It is attributed to the tendency of 
the calcium component of recycled gypsum to 
encourage the soil particles to flocculate. Flocculation of 
soil particles was observed because the clay particles 
carry negative charges and attract calcium, which has 
two positive charges (Ca++). The recycled bassanite is a 
hemi-hydrate calcium sulfate (CaSO4.1/2 H2O), can 
absorb water from clay soil, and was able to recover 
three quarters of the water which was missed during the 
heating process, to become hydrate calcium sulfate 
(CaSO4.2H2O). The absorption of water from the 
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particles of clay soil is associated with the decrease of 
voids between the soil particles. The volume for the 
clay- gypsum mixture decreased and unit weight 
increased. Increase in content of recycled bassanite 
treated with clay soil, unit weight is increased and water 
content is decreased vice versa.  
 
 

Figure 3 effect of recycled gypsum content on unit 
weight of stabilized soil specimens. 

 
 
Cement is introduced in the gypsum- soil mixture, 

unit weight is increased when compare to the soil was 
treated with recycled gypsum alone (Figure 4). Three 
different furnace slag cement contents ranging from 1% 
to 3% cement-soil (C/S) is used for the reduction of 
fluorine content.The maximum unit weight of the soil is 
17.6 KN/m3 when treated with  2.25 % of C/S and 6% of 
B/S ratio's which is more when compare to soil treated 
with B/S ratio of  6% only (17.01 KN/m3). 

 
 

Figure 4 effect of cement content on unit weight of clay- 
gypsum mixture. 

 
 

4.3 Unconfined compressive strength 
 

Ultimate compressive strength against the different 
content of recycled gypsum shown in figure 5. The 
compressive strength of 6% recycled gypsum content 
increases with the increase of curing period. Gypsum 
contains a significant amount of calcium sulfate, The 
attraction between the soils particles and calcium 
improves the bonding between the soil particles and 
strengthens the soil. The strength of stabilized soil- 

gypsum increases with the curing period. The strength 
of black cotton soil without any admixture  is 60kPa. 
The curing period has a significant effect on the 
strength of stabilized clay – gypsum up to the 7-days 
curing it is found to be 134.05kPa.  

 
 

 
Figure 5. Effect of recycled gypsum content on ultimate 
compressive strength (a) Black cotton soil, (b) 7 days 
curing time, (c) 14 days curing time, (d) 28 days curing 
time 

 
 
Effect of cement content on the strength of clay – 

gypsum mixture was shown in Figure 6 for different 
curing periods. As compressive strength increases with 
cement content. From the figures 5 and 6 noticed that 
the compressive strength of 6% recycled gypsum 
content for curing period of 28 days is 300kPa, where, 
as 2.25% of cement (C/S) with 6% B/S mixture at 7 – 
day curing time  is 800kPa. It has been shown that 28 
days of curing for soil – gypsum treated with cement is 
adequate for the reaction between the soil and 
stabilizing agents used to be completed. 
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Figure 1. Relationship between compressive strength 

and different curing times (days) with different 
admixtures. 
 
 
5. CONCLUSION 
 
The main contribution of this work was to show the 
potential application of recycled bassanite (bassanite), 
the following conclusions can be drawn: 

 The treatment of clay soil with bassanite 
significantly improves its unit weight and strength 
performance. Both unit weight and compressive 
strength of clay – gypsum mixture increased with 
increase bassanite content. The soil-gypsum 
mixture exhibited brittle behavior during 
unconfined compression and strain failure 
decreased slightly with addition of bassanite. It 
does not have any adverse effect on the pH; the 
average for the measured value was found to be 8 
to 7 neutral value.  
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