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Abstract: Soil stabilization is the process of enhancing the soil 

properties and making it fit for engineered purposes. The common 
stabilizing techniques are becoming expensive day by day due to 
the rise in cost of stabilizing agents which forces to find an 
alternative economical stabilizing agent. Thus this study aims to 
improve the properties of the soil by adding the waste materials 
like flyash and geopolymers as stabilizing agents. The soil 
compressive strength and water absorption for different alkaline 
solution to solid ratio were studied by casting stabilized soil blocks. 
The solid here is represented by the mixture of red soil and flyash. 
It was evident from the Unconfined Compressive Strength (UCS) 
tests that as the alkaline solution to solid ratio increases, the 
compressive strength also increases. Optimum ratio of 0.2 was 
selected based on the workability conditions. It was observed that 
soil blocks show a decrease in 13 per cent strength than the UCS 
test samples prepared from the same ratio. It is evident to conclude 
that allowing a tolerance of 1 per cent variation, the strength of 
the soil blocks will remain in constrain of  12 to 15 per cent of the 
UCS sample test value. 

Keywords: Soil stabilization, Flyash and Geopolymer, 
Unconfined compressive strength, Alkaline to solid ratio. 

I. INTRODUCTION 

Soil stabilization has become a major issue in 

construction engineering and the research regarding the 
effectiveness of using industrial wastes are rapidly increasing. 
Soil stabilization is the alteration of one or more soil 
properties, by mechanical or chemical means, to create an 
improved soil material possessing the desired engineering 
properties. By stabilization the major properties of soil, i.e., 
volume stability, strength, compressibility, permeability, 
durability and dust control are improved. There are different 
methods of stabilization, which include physical, chemical 
and polymer methods of stabilization. Physical methods 
involve physical processes to improve soil properties. This 
includes compaction methods and drainage. Chemical soil 
stabilization uses chemicals and emulsions as compaction 
aids. Geopolymer, an industrial by-product is a novel green 
cementing agent, has been investigated in recent years as an 
alternative soil stabilizer to ordinary Portland cement that 
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emits greenhouse gases in its production. The Polymer 
method of stabilization has a number of significant 
advantages over physical and chemical methods. These 
polymers are cheaper, effective and significantly not 
dangerous for the environment as compared to many chemical 
solutions. 

During recent years, stabilization techniques have been 
implemented by using different polymer based stabilizing 
agents. Potassium Hydroxide Geopolymer (PHG) and 
Sodium Hydroxide Geopolymer (SHG) addition increases the 
UCS value and young’s modulus. The decrease in failure 

strain has been observed for increase in the flyash content 
(Zhen Liu and Feng hong Fan 2016). Phosphogyspum with 
cement and flyash is another combination of stabilizing agents 
which decreases optimum moisture content and increases 
UCS (Degirmenciet 2007). Geopolymorisation is carried on 
Black cotton soil by using alkalis of calcium and potassium 
hydroxide with volcanic ash (Shiding Miao 2017). Many 
combination of stabilizing agents like lime and rice husk 
(Shrivastava 2014); cement and rice husk (Roy 2014); 
calcium based flyash have been used for stabilization. Usually 
in many studies the reliability of the stabilizing agents is 
checked by measuring the compressive strength of stabilized 
soil blocks. 

II. OBJECTIVES 

The objective of the current work is to determine the 
suitability of geopolymer (alkali-activated fly ash) as soil 
stabilizing agent for red soil and to replace the existing 
concrete block with stabilized soil block which will reduce the 
cost of construction, environmental pollution and waste 
deposition. Blocks are manufactured from secondary 
materials which implies to the green building technology and 
its compressive strength, water absorption and durability of 
stabilized soil blocks is measured to investigate the 
suitability. 

III. MATERIALS AND METHODS 

A. MATERIALS USED 

Red soil is a type of soil that develops in a warm temperate, 
moist climate which is usually poor in nutrients and humus. 

Flyash is a by-product of coal fired in electric power 
generation facilities, it has little cementitious properties 
compared to lime and cement is used as stabilizing agent. 
Class F flyash is used for the stabilization. 

 
 
 
 

Feasibility of Flyash based Geopolymer for Soil 
Stabilization  

Parikshith M V, Darshan C Sekhar 

mailto:darshancsekhar@gmail.com
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.A5019.119119&domain=www.ijitee.org


 
Feasibility of Flyash based Geopolymer for Soil Stabilization  

4349 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A5019119119/2019©BEIESP 
DOI: 10.35940/ijitee.A5019.119119 
Journal Website: www.ijitee.org 
 

Preparation of Sodium hydroxide solution (NaoH): The 
concentration of sodium hydroxide solution used is 10M. For 
preparation of 1M solution, 40g NaOH flakes were dissolved 
in water to prepare 1 litre of sodium hydroxide solution. For 
preparation of 10M, 400g of NaOH flakes were used.  

For the present studies lab grade sodium silicate solutions 
(Na2SiO3) was used. Both the solutions were mixed properly 
and considered as liquid alkaline solution and used after 24 
hours of mixing. This solution can be used maximum up to 36 
hours. 

 
Fig. 1. Sodium hydroxide pellets 

 

 
Fig. 2. Sodium silicate solution 

B. METHODOLOGY 

 Analyzing the geotechnical properties of the soil sample 
considered, as per SP-16 1988. 

 Preparation of alkaline solution by mixing sodium 
hydroxide solution and sodium silicate solution by 
calculating the weight required as per the ratio of alkaline 
solution to solid (red soil and 15% flyash). 

 Preparation of unconfined compressive strength samples by 
mixing air dried calculated quantity of red soil and flyash 
mixture with alkaline solution in different proportion say 
0.15, 0.2 and 0.25. 

 The increase in the strength condition was established by 
conducting unconfined compressive test on samples at 3, 7, 
14 and 25 days. 

 Based on the UCS results one ratio of alkaline solution to 
solid ratio is fixed to 0.2. 

 
Fig. 3. Casted Stabilized soil blocks 

 The ratio of flyash to red soil used is 1:15 which is mixed 
with calculated alkaline solution to maintain a ratio of 0.2 
and blocks of size 400 cm2 was made using automated 
compacted press machine. The casted soil blocks were set 
aside for drying. 

 Correlation between the results of UCS test and 
compression test is done. 

 Cost analysis is carried out for a single brick to see whether 
it is economical than normal concrete blocks. 

 
Fig. 4. Cracks in soil block after testing 

IV. RESULTS AND DISCUSSION 

The experimental investigations carried on to determine the 
geotechnical properties of the soil samples showed that the 
values of liquid limit and plastic limit are 19.78% and 32.3% 
respectively. The gradation analysis indicates that the soil 
considered for the stabilization is well graded. The plasticity 
index value obtained from the plastic limit and liquid limit 
infers that soil sample is medium plastic in nature. Red soil 
used in this study is sieved using 4.75 mm sieve. Alkaline 
solution is prepared before 24 hours prior to use for casting 
samples. Molarity of NaOH solution used is 10 Molars and 
Na2SiO3 to NaOH ratio of 2.5 was used for the preparation of 
alkaline solution. The UCS moulds prepared by varying the 
ratio of alkaline solution to solid are cured in sunlight and the 
test results of 3,7,14 and 28 days interval is tabulated as 
follows: 
Table-1: UCS test results for varying alkaline solution to 

solid ratio 
Alkaline 

solution  to 
solid ratio 

0.15 0.20 0.25 

No. of Days Strength in Mpa 

3 4.14 2.76 2.30 

7 5.49 5.97 7.52 

14 6.20 8.75 10.35 

28 7.60 9.37 11.01 

Experimental results indicate that compressive strength of 
the UCS sample increases with the increase in alkaline 
solution to solid ratio, but the workability also increases 
considerably. The samples are tested for compressive strength 
after 28 days. Based on the UCS test results obtained it was 
decided to manufacture stabilized soil blocks for the same 
mix of alkaline solution to solid ratio which gave higher 
strength.  
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It was seen that moulds having alkaline solution to solid 
ratio of 0.25 showed peak strength of 11.01MPa but as the 
ratio increases water content increases, workability also get 
increased which cause segregation after certain limit of water 
content. To manufacture the blocks to be used in construction 
of walls the code dictates 3MPa strength. The cost factor also 
increases with the increase in alkaline solution to solid ratio. 
To decrease the cost and to maintain the required strength, 
optimization of mix ratio has been done. Based on the 
workability, cost and strength factors it was decided to 
manufacture stabilized soil blocks having alkaline solution to 
solid ratio of 0.20. The compressive strength and water 
absorption tested for the soil blocks is tabulated below: 

 
Table-2: Water absorption of the soil blocks 

No. of Days Dry weight in 
kg 

Wet weight in 
kg 

Water 
absorption in 

percentage 

14 7.940 8.120 2.2 

28 7.840 8.165 3.5 

 
Table-3: Results of UTM test on blocks 

No. 
of 

day
s 

Conditio
n of 

blocks 
Compressive strength in Mpa 

Average 
compressiv
e strength 

in Mpa 

7 
Dry 

4.
4 

4.
2 

4.
3 

4.
3 

4.
2 

4.
3 

4.3 

Wet 
2.
6 

2.
6 

2.
8 

2.
7 

2.
8 

2.
6 

2.7 

14 
Dry 

8.
2 

8.
2 

8.
5 

8.
0 

8.
3 

8.
4 

8.3 

Wet 
5.
5 

5.
8 

5.
7 

5.
6 

5.
8 

5.
6 

5.7 

28 
Dry 

8.
5 

8.
5 

8.
8 

8.
4 

8.
7 

8.
4 

8.7 

Wet 
6.
9 

6.
8 

6.
8 

6.
7 

6.
8 

6.
7 

6.8 

The code specifies that the water absorption being the 
average of three units, when determined in the manner as 
described in Annex C of IS 15658:2000, shall not be more 
than 6 per cent by mass and in individual samples, the water 
absorption should be restricted to 7-percent. The blocks that 
was tested for water absorption after 28 days of casting shows 
that water absorption of soil block manufactured is well 
within the limits. The maximum strength obtained from the 
blocks using 10M solution is 8.7 MPa. The code recommends 
a minimum of 3MPa strength for the bricks to be used in the 
construction of walls. To reduce the cost and to maintain the 
strength requirements, molarity of NaOH was varied and UCS 
test samples were prepared from the solution having molarity 
of 5M and 7.5M. The test results are tabulated below: 

 
Table-4: Variation of Molarity of the alkaline solution 

 
Molarity 

 
No. of 
Days 

 
Compressive strength in 

Mpa 

Average 
Compressive 
strength in 

Mpa 

7.5M 7 4.56 4.44 4.67 4.55 

14 7.36 7.45 7.27 7.36 

5M 7 3.97 3.83 4.05 3.95 

14 6.74 6.62 6.67 6.67 

From above results it shows that by varying molarity of 
alkaline solution, average compressive strength goes on 
decreasing but the cost of production also decreases.  

 

 
Fig. 5. Corelation of UCS test and UTM test  

 
Considering the curve, every value of UCS test has a 

positive percentage difference when compared with the 
compressive strength of soil blocks casted. The percentage 
difference between the two values tested for 7, 14 and 28 days 
of curing were 19.1%, 6.3% and 7.8%. On an average 11.6% 
reduction was observed in soil blocks casted using the 
optimum alkaline to solid ratio.   

For the present study, the solid materials used were the 
secondary waste materials. It can be called as free issue 
material. Hence the cost depends on amount of alkaline 
solution used.  The ratio of alkaline solution to fly ash satisfies 
the properties of blocks. Hence these blocks were considered 
for cost analysis. 

For manufacture of single block, total materials taken are:  
Quantity of red soil used is 8.1 kg. 
Quantity of flyash used is 1.215 kg.   
Amount of alkaline solution used is 1.617 kg.  
The ratio of sodium silicate to sodium hydroxide used is 0.2 
Therefore Na2SiO3 =2.5 NaOH.  
Required NaOH solution/block is 0.13 kg. 
Required Na2SiO3 solution/block is 1.157 kg.  
The concentration of sodium hydroxide solution used is 10M. 
For the preparation of 1M solution, 40g of NaOH flakes was 
dissolved in 1 litre of water. For preparation of 10M, 400g of 
NaOH flakes was used. The cost of NaOH flakes/kg is 60 
rupees. Hence the cost for required quantity of NaOH flakes 
per block is 7.8 rupees. Sodium silicate was used without 
adding water and its cost per kg is 20 rupees. Thus the 
required quantity of sodium silicate costs 23.14 rupees per 
block. The total cost for single stabilized soil block is 31 
rupees which is cheaper than normal concrete bricks. 

V. CONCLUSIONS 

The study indicates that it is possible to use the red soil 
procured from site and sieving it using 4.75mm sieve for the 
manufacturing of stabilized soil blocks using geopolymer 
based flyash. 
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 The flyash used reacts with the alkaline solution to form an 
adhered bond which provides enough compressive strength 
which satisfies the norms for the construction of wall using 
these stabilized soil blocks. The casted blocks were sun dried 
without any external artificial drying agent. Study indicates 
that water absorption of the blocks with alkaline solution to 
solid (Red soil and flyash) ratio of 0.2 satisfies the code 
specification. Considering in to the cost criteria, the cost of 
the alkaline solution can be brought down by using industrial 
waste sodium silicate solution and flyash. It was observed that 
stabilized soil blocks show a decrease in 13 percent strength 
than the UCS test samples prepared from the same ratio. It is 
evident to conclude that allowing a tolerance of 1 percent 
variation, the strength of the stabilized soil blocks will remain 
in constrain of 12 to 15 percent of the UCS sample test value 
for dry condition. 
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