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ABSTRACT: At present, the improvement of compressive strength of soil using the Portland cement is 

widely used for roads and embankments, however, it has an enormous impact on the environment. 

Geopolymer cement is a material that can replace Portland cement and has less impact on the environment. 

Therefore, this research aims to study lateritic soil improvement by using Fly ash-based geopolymer 

materials. Percentage of fly ash was 1.5, 3, 5, 7, 10, 15 and 20 % by weight. Specimens were prepared by the 

method of modified Proctor compaction test. Curing was done at 40
o
C for 24 hours and immerse in water for 

2 hours before the tests. Unconfined compressive strength tests at 7, 14 and 28 days were performed. The 

results showed that the 5% fly ash by weight and NaOH/Na2SiO3 ratio of 1/1 was leading to the improvement 

of compressive strength above 17.5 ksc which is higher than the standard No. DH-S. 204/2533 - Soil cement 

base. 

 

Keywords: Geopolymer, Fly ash, Soil cement base, Unconfined compressive strength, Lateritic soil. 

 

 

1. INTRODUCTION 

 

Soil Stabilization is a method to improve the 

natural soil to increase its engineering quality, for 

example, compressive strength, shear strength, 

swelling durability and degradation in water [1-3]. 

There are multiple ways to stabilize soil depending 

on the purpose of soil application. Also, the users 

need to be aware of the worthiness of soil 

stabilization budget as the lateritic soil is one of 

the most used soils as a base in road construction 

[4], [5].  The lateritic soil has high engineering 

quality, which is suitable for road construction. 

However, the traffic format and traffic quantity 

changed a lot: vehicle characteristics and weight 

load, therefore, quality of lateritic soil needs to be 

improved to increase for engineering purpose. In 

general, cement shall be mixed into the soil to 

improve its quality, which is call soil cement and 

used as sub-base and base [6]. Nevertheless, 

Portland cement application tends to make road 

construction cost high, and moreover, Portland 

cement production seriously affects the 

environment as it consumes a lot of energy and 

emits Carbon Dioxide [7]. In other words, the 

production of a ton of Portland cement shall emit a 

ton of the carbon dioxide [8]. Therefore, new 

binder called geopolymer is developed as the 

replacement of Portland cement because. Both 

materials have similar quality. However, a by-

product of the products mainly containing silica 

and alumina is used as a material in geopolymer 

synthesis and fly ash is the most used material 

since waste of fly ash is left over a lot in each year. 

Many pieces of research affirm that fly ash can be 

synthesized to be a binder and used instead of the 

Portland cement [9]-[14]. Also, fly ash is better 

because it endures chemical erosion and fire 

resistance [15] and it is faster setting than ordinary 

Portland cement [16], [17]. 

From other experiments, geopolymer can be 

applied to improve quality of many kinds of soil; 

Silty clay, Colombian soil [19] and Soft marine 

clay [20]. It shows that the engineering quality of 

all the soil gain s higher, therefore, the researcher 

would like to improve the lateritic soil with 

geopolymer instead of Portland cement on the base 

layer of road construction according to the 

standard No. DH-S. 204/2533 - Soil cement base, 

which is used to compare to the research. In the 

experiment, the percentage of fly ash is added as 

follows: 1.5, 3, 5, 7, 10, 15 and 20 by weight and 

the curing temperature is controlled and 

maintained at 40 degrees Celsius, equal to the 

temperature at a field. The curing time is specified 

at 24 hours in order to observe the compressive 

strength of the specimens of 6, 14 and 28 days. 

However, before the samples were tested, they 

must be soaked in water for 2 hours. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials and properties 

 

The material used in this research is fly ash 

from Mae Mah, Lumpang, which is investigated in 
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order to find out its chemical compositions by the 

method of X-ray fluorescence (XRF), as shown in 

table 1. CaO has 23.3%, which is considered high 

calcium fly ash, it is classified into Class C in 

accordance with ASTM C618 standard and has 

specific gravity equal to 2.4, mean size of 2.4 and 

particle size distribution as shown in Fig.1. 

 

Table 1 Fly ash chemical compositions 

 

Chemical composition % by weight 

SiO2 35.855 

CaO 23.312 

Al2O3 16.273 

Fe2O3 14.06 

SO3 8.004 

K2O 1.624 

TiO2 0.439 

MnO2 0.158 

SrO 0.136 

As2O5 0.046 

Rb2O 0.024 

ZrO2 0.028 

 

 
 

Fig.1 Particle size distribution of Fly Ash 

 

The lateritic soil used in this research is from 

Kantarawichai, Sarakam, THAILAND its 

properties and particle size distribution is showed 

in Table 2 and Fig. 2.  Alkaline and sodium silicate 

solutions (Na2SiO3) have a chemical element as 

follows: Na2O 8.9%, SiO3 28.7% and H2O 62.5% 

and another solution is Sodium hydroxide solution 

with a concentrate of 8 Molar, prepared from 

Sodium hydroxide flake, diluted with distilled 

water and left 24 hours to cool it down before use. 

 
Fig.2 Particle size distribution of lateritic soil 

Table 2 Laterite soil properties 

 

Properties Values 

Specific gravity 2.8 

Liquid limit, % 30 

Plasticity Index, % 4.8 

Color Reddish brown 

Pass sieve #10 31.50% 

Pass sieve #40 26 

Pass sieve #200 16.7 

AASHTO Classification A-2-4 

USCS Classification 

GM-SM  

(Silty Clayey 

Gravel with sand) 

Maximum dry Density, 

g/cm³ 
2.265 

Optimum moisture 

content, % 
7.4 

Unconfined Compressive 

Strength, ksc. 
20.2 

 

Specimens and Mixing Proportion Preparation 

starts from finding out Optimum Moisture Content 

(OMC) using modified Proctor test according to 

ASTM D1557 standard. It is found that the OMC 

is equal to 7.4% as shown in Fig. 3. This value is 

used to determine the quantity of water used in 

soil-cement base mixing and the amount of 

solution used in soil geopolymer base mixing. 

 

 
Fig.3 Optimum Moisture Content of lateritic soil 

 

The specimen of soil cement base preparation 

by mixing the mixture of lateritic soil and 2-8% of 

cement by weight with water according to the 

Optimum Moisture Content values. The mixture of 

lateritic soil and cement is mixed with water 

thoroughly and put into a mold by mean of the 

modified proctor. Next, the specimen is taken from 

the mold, and its physical characteristic is showed 

in Fig. 4(a). After that, it is cured in a plastic bag 

for 7 days before being unpacked and soaked in 

water for 2 hours and investigated for compressive 

strength in accordance with Unconfined 

Compressive Strength investigation. 
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Fig.4 Physical characteristic of lateritic soil mixed 

with Portland cement (a) and of lateritic soil mixed 

with Fly ash – based geopolymer (b) 

 

The soil geopolymer base specimen is prepared 

by using 1.5, 3, 5, 7, 10, 15, 20 and 25% of fly ash 

adding in soil geopolymer by weight. The 

preparation starts with measuring materials and 

alkaline solution. The ratio of NaOH/Na2SiO3 is 

equal to 1/1, and these two solutions together are 

equivalent to OMC value by weight. The 

combination NaOH and Na2SiO3 of 7.4% by 

weight. Fly ash and NaOH are mixed for 5 

minutes, and lateritic soil is added and mixed for 5 

more minutes. Then Na2SiO3 is added and mixed 

for 3 minutes. After that, the process is the same to 

Soil Cement Base preparation. After all these 

steps, the specimen’s physical characteristic is as 

shown in Figure 4(b). Also, the investigation of 

change in the ratio of NaOH/Na2SiO3, curing 

temperature and specimen age is done by curing 

the specimen at room temperature and 40 degrees 

Celsius for 24 hours. The ratios of NaOH/ Na2SiO3 

are 3/1, 3/2, 3/2, 2/3 and 1/3 and test the specimen 

at the age of 7, 14 and 28 days, the process of 

specimen preparation is done as same as the 

change in the percentage of fly ash. 

 

3. RESULTS 

 

3.1 The result of Soil-Cement Base test 

 

The result of a change in the percentage of 

cement is shown in Figure 5. The linear graph can 

be created from the data, and the deviation value is 

equal to 0.95. Also, it is found that the use of 

cement of 3.6% results in compressive strength of 

more than 17.5 ksc, which passes the standard No. 

DH-S. 204/2533 - Soil cement base. If the 

compressive strength of 115% or 20.2 ksc. is 

needed in case that it is used for mixing capability 

in the field, the cement of 5.4% shall be used. 

 

3.2 The result of Soil Geopolymer Base 

 

After the age of the sample was 7 days at room 

temperature. The characteristic of the graph is 

slightly different from the cement test. The trend 

of the graph is not in a straight line as shown in 

Figure 6. However, the strength of specimen 

developing rapidly when the geopolymer of 3% is 

used.  However, the compressive strength will not 

gain higher if fly ash is added more than 7%. The 

compressive strength is higher than 17.5 ksc when 

fly ash of 3% is used to make a specimen. The 

compressive strength that is chosen to mix in the 

field is at 115% or 20.2 ksc when fly ash of more 

7% is added. 

 

 
 

Fig.5 Effect of percent of cement content on 

compressive strength 

 

 
 

Fig.6 Effect of percent of Fly ash content on 

compressive strength 

 

The result of the change in curing temperature 

and ratio of NaOH/Na2SiO3 is shown in Figure 7. 

It is found that the temperature of 40 degrees 

Celsius or the temperature that is higher than room 

temperature gives higher compressive strength. 

The ratio of NaOH/Na2SiO3 that is highly effective 

at room temperature is 1/1, and the ratio of NaOH/ 

Na2SiO3 at 40 degrees Celsius that is highly 

effective is 2/3. Moreover, the compressive 

strength is continuously improved when the age of 

specimen gains more as showed in Figure 7 and 

the tendency of compressive strength affecting by 

NaOH/Na2SiO3 ratio indicates that the 

compressive strength of 40 degrees Celsius is 
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higher than the room temperature in all age of the 

specimen. 

 

 
 

Fig.7 Effect of NaOH/Na2SiO3 ratio, curing 

temperature and age of sample on compressive 

strength 

 

4. DISCUSSION 

 

The comparison between the use of cement and 

geopolymer shows that the cement that is directly 

proportional to the increase compressive strength 

in cement volume increased. On the other hand, 

the appropriate percentage of geopolymer is at 7%, 

and it does not make any better compressive 

strength if the quantity of fly ash is more than 7% 

as the quantity of water or alkali activator is fixed 

in this research according to the OMC. Therefore, 

when the water/cement ratio is decreased, the free 

water will be reduced, the compressive strength of 

specimen gains normally higher [21]. However, it 

is different from geopolymer system which the 

compressive strength is not increased when fly ash 

is added more than 7% because there is not enough 

solution to make reaction [22]. There is possible to 

enhance the compressive strength with increase 

liquid solution at appropriate quantity when added 

fly ash more than 7% due to increase more binder. 

The curing temperature also affects, and the 

result complies with other research. That is to say 

that the higher curing temperature [23], the greater 

compressive strength will gain. 40 degrees Celsius 

is applied in this research as it is close to the 

temperature of the realistic construction site. 

Moreover, 40 degrees Celsius is not the highest 

temperature that can improve the strength of 

geopolymer [24], [25]. It can be continuously 

enhanced, and the best ratio of the solution is at 

1/1 - 2/3 which makes the highest compressive 

strength according to the experiment. The ratio of 

NaOH is analyzed and found that the excessively 

high ratio of NaOH leaves NaOH in the system so 

that the white stain can be noticed. The 28 days 

specimens have the lower compressive strength 

and the alkaline solution can be washed out which 

affect the environment in harmful ways. On the 

other hands, to use a lot of Na2SiO3 produce high 

viscosity and the specimen will be well 

compressed. However, if there is too much 

Na2SiO3, which is a solution that helps to 

complete geopolymer synthesis, it is not good to 

raise compressive strength [26]. 

 

5. CONCLUSION 

 

The result of experiment indicates that the 

geopolymer in the ratio of NaOH/ Na2SiO3 equal 

to 1/1 can be used as the replacement of general 

cement. At compressive strength of 17.5 ksc, fly-

ash base geopolymer shall be added to soil only 

3% of all the mixture but 3.4% for general cement 

and at the compressive strength of 20.2ksc in order 

to meet construction requirement, fly-ash base 

geopolymer and general cement shall be added to 

soil only 7% and 5.2% of all the mixture, 

respectively. However, the system of geopolymer 

is that if it is applied to the realistic road 

construction and temperature at the construction 

site is more than 40 degrees Celsius, its 

compressive strength will gain higher. In 

consequence, the geopolymer proportion can be 

decreased to at least 5% of all the mixture and the 

compressive strength will be improved 

consecutively. Therefore, it can be concluded that 

fly ash – base geopolymer can be applied to 

stabilize the lateritic soil in term of compressive 

strength and it can replace the use of cement which 

is expensive and concerned environment issues. 
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