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ABSTRACT 

 
Geopolymer soil column is one of the advancements in Ground improvement techniques. The study is 

aimed at the comparison of Geopolymer soil column and untreated sand in the load carrying capacity and 

settlement behaviour of footing resting on loose sand. The effects of Geopolymer soil column and 

untreated sand are investigated by conducting experimental studies. The parameters involved in this study 

include soil column spacings and curing periods. A load test was carried out on a model footing resting on 

sand with Geopolymer soil column and untreated sand. Load test is repeated on the footing with 

Geopolymer soil column at varying curing periods of 7, 14, and 28 days. The load-settlement curve for 

different curing periods day were compared. It was observed that the Geopolymer soil column has high 

bearing capacity improvement factor compared to untreated sand. Settlement also considerably reduced 

while using Geopolymer soil column. A parametric study has been carried out to compare the settlement 

of Geopolymer soil column and untreated sand by finite element modeling using PLAXIS 2D Software 

and the results are agreeable with the experimental results. 
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INTRODUCTION 

The term “Geopolymer” was formed by a 

Davidovitis in 1978 to describe the wide range 
of materials characterized by networks of 

inorganic molecules. Geopolymerization is an 

innovative technology that can transform several 

aluminosilicate materials into useful products 
called Geopolymer (or) inorganic polymers. 

Geopolymer contains combination of fly ash 

mixed with Potassium Hydroxide (KOH) and 
Potassium Silicate (K2SiO3) or Sodium 

Hydroxide and Sodium Silicate as alkaline 

activator. (Davidovits [1]; Paloma et al.[3]; 

Chindaprasirt ,et al.[4]). Reactions occur at a 
high rate when the alkaline liquid contains 

soluble silicate, either sodium or potassium 

silicate, compared to the use of only alkaline 
hydroxides. Abdullah et al [8]  concluded that 

the Geopolymer cement is produced by totally 

replacing the Ordinary Portland Cement (OPC). 
Therefore, the use of Geopolymer technology 

not only substantially reduces the CO2 emissions 

by the cement industries, but also utilises the 

waste materials such as fly ash in improving 
weak soils. It is to be noted that fly ash, one of 

the possible sources for making Geopolymer 

binders is available abundantly worldwide, and 
yet its usage to date is very limited. An attempt 

has been made in this research to utilize 

Geopolymer as an additive to improve soil by 

forming it as a column similar to stone/sand/lime 
column with the usage of fly ash and alkaline 

activators. 

GEOPOLYMER PREPARATION 

To prepare the Geopolymer the following 

materials were used: 

1) Sand 

2) Flyash

 3) Water  
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4) Alkaline activators 

1.Sand   

The soil sample was collected from Cauvery 
river near Lalakudi at Karur district. Various 

properties such as grain size analysis, 

Specific gravity, minimum & maximum 

void ratio, maximum &minimum dry unit 
weight and last shearing resistance of sand 

was found out using IS codes and tabulated 

in table 1. 

Table 1 Properties of sand 

Sl. No Properties Values 

1 Coarse Sand 8% 
2 Medium Sand 61% 

3 Fine  Sand 31% 

4  D10 (mm) 0.28 

5 D30 (mm) 0.40 
6 D60 (mm) 0.70 

7  Cu 2.5 

     8 Cc 0.82 

9 Specific gravity of soil 

particles 

2.65 

10 Maximum dry unit 

weight  (kN/m
3
) 

16.86
 

11 Minimum dry unit 

weight  (kN/m
3
) 

15.22 

12 Maximum Void ratio 

(emax) 

0.708 

13 Minimum Void ratio 

(emin) 

0.542 

14 Angle of internal 

friction 

31º 

2. Flyash 

Flyash of class „F‟ was used as source 

material in this study. It was collected from 
Mettur thermal power plant. 

3. Water 

    The water used for preparing Geopolymer is  

    distilled water 
 4. Preparation of alkaline solutions 

      The alkaline solutions used in this study 

were Potassium Hydroxide and Potassium 
Silicate. Potassium Hydroxide pellets are 

dissolved in water to get Molar concentrations of 

1, 5, 10 and 15. Potassium silicate is available in 

solution form. Both the solutions were mixed 
together and the alkaline liquid was prepared. 

Shear strength parameters of Geopolymer 

Specimen: The proportion of soil to 
Geopolymer was  taken as 60% : 40%. 

(Sharmistha et al, 2012). The Molar strength of 

KOH is selected for Geopolymer was 1M, 5M, 
10M, and 15M. The results obtained for 

different molarities are shown in Table 2. It can 

been seen that the cohesion of Geopolymer 

stabilized soil increases with the increase of 
molar strength of KOH solution.Unconsolidated 

undrained triaxial test was conducted for the 

Geopolymer Specimen 
Table 2 Triaxial test Results 

EXPERIMENTAL STUDY 

Model Test Tank 
The dimension of model tank was selected based 

on the dimension of the model footing. The 

model footing used was a mild steel circular 

plate of 60mm diameter and thickness 5mm. As 
per IS1888-1982, the diameter of model tank 

was fixed as equal to five times the diameter of 

model footing. Hence, a circular tank of 
300mmdiameter and depth 150mm was used. 

Loading Setup 
A loading frame consisting of proving ring of 

25kN capacity and two numbers of LVDTs were 
placed diagonally opposite was mounted on the 

plate for settlement observations and is shown in 

Figure 1 

 

Fig 1 Laboratory model load test on soil treated 

with Geopolymer column 

Shear strength 

parameters 

Geopolymer Specimen 

1M 5M 10M 15M 

Cohesion 
(kN/m

2
) 

40 150 230 290 

 (φ) (degrees) 

 

Shear strength 
(kN/m

2
) 

29 

 

 
 248 

14 
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Preparation of Geopolymer soil column: 

Geopolymerisation treatment of soil with KOH 
of 15M strength and Pottasium silicate was used 

as this trial has given the maximum Shear 

strength among the tested samples. The diameter 

of Geopolymer soil column was 12mm and the 
length of the column was 75mm. The water 

content of soil in all the tanks was maintained as 

4%, for the ease of making hole in the sandy soil 
with a PVC pipe of external diameter of 12mm. 

The density of soil achieved in moist condition 

is 15.55kN/m
3
. Geopolymer solutions was 

poured  in the holes so that Geopolymer soil 

columns were formed. Totally nine columns 

were made for 2, 2.5 and 3d spacing, where d is 

diameter of Geopolymer soil column. The 
geopolymer soil column is placed in equilateral 

triangular pattern arrangement . 

RESULTS AND DISCUSSIONS 

The ultimate load for Geopolymer column at 

different spacings after 7, 14, and   28 days 

curing periods as shown in Table 4. The load vs 
settlement of Geopolymer soil column placed at 

different spacings and at 7 days of curing is 

presented in Fig 3. 
Table 4  Ultimate Bearing capacity of 

Geopolymer soil column for different spacing 

and curing periods 

 
 

 

 

 
Fig 3 Load settlement curve for Geopolymer   
column after 7 days of curing 

From the Figure 3, it was observed that as the 

spacing is increased, the load carrying capacity 

decreases and the settlement increases. Similarly 
the same trend was observed after 14 and 28 

days of curing. The spacing should be kept 

minimum and maximum curing should be given 
for treated sand to get higher bearing capacity as 

observed from the bearing capacity values and 

improvement factor. 

SOFTWARE ANALYSIS 

Introduction 

PLAXIS is a finite element package intended for 

the two-dimensional analysis of deformation and 

stability studies in Geotechnical Engineering.. 

Input of soil data 
In this study Axisymmetry model is used  to 

analyse the load-settlement behaviour. Soil 

hardening model is adopted for the soil medium. 

Footing is modeled as a plate element. 
Prescribed load method is used to obtain the 

ultimate settlement. The soil parameters 

obtained from the laboratory investigations are 
used as input in PLAXIS. Other data required 

are taken as standard values from the program. 

The property given as input to run the model for 
loose sand condition is shown in Table 3. 

Table 3 Input of soil data 

Parameters Values 

Material model  Hardening soil model 

Drainage condition Drained 

γunsat (kN/m
3
) 17.18 

γsat (kN/m
3
) 20.70 

Φ (degree ) 31 

Material type Saturated 

Material state Loose Condition 
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Spacing Ultimate 
Load 

(kN) 

Bearing 
Capacity 

(kN/m
2
) 

Impro
vemen

t 

factor 

Untreate
d sand 

- 0.25 88.65 - 

 

7 days 

2D 0.42 148.93 1.679 

2.5D 0.39 138.29 1.559 
3D 0.33 117.02 1.320 

 

 

14 days 

2D 0.46 163.12 1.840 

2.5D 0.43 152.48 1.720 
3D 0.36 127.66 1.440 

 

 
28 days 

2D 0.49 173.75 1.959 

2.5D 0.45 159.57 1.80 

3D 0.38 134.75 1.520 
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SOFTWARE ANALYSIS 

 
The vertical displacement of footing was taken 

by considering Axisymmetry is shown in figure 

4 & fgure 5. In order to analyse the settlement 

characteristics by using PLAXIS 2D a 

comparison was made between the settlement of 

model footing resting on untreated sand and 

Geopolymer soil column at an ultimate load of 

22kN/m
2
. The corresponding settlement was 

found to be 2.13mm for footing with untreated 

sand and 1.24mm for footing with Geopolymer 

soil column at 2d spacing. This showed that 

formation of Geopolymer column improved the 

bearing capacity with reduction in settlement. 

capacity is shown in Figs 4 and 5. 

                
Fig 4 Vertical displacement without Geopolymer  

               

Fig 5  Vertical displacement with Geopolymer at 

2d spacing 

 

 

 

Table 5: Settlement values  for Experimental and 

Numerical Analysis                                   

 

PLAXIS model was made to validate the 

experimental results. Among the Selected 

spacings 2 D spacing was found to be effective 

in terms of ultimate load and Bearing capacity. 

 

 

CONCLUSIONS 

Based on this model study, the following 

conclusions are drawn. 

1. Geopolymer is one of the promising 

techniques employed for improving 

loose cohesionless sand. 
2. Geopolymer column prepared using 

Potassium Silicate and Potassium 

Hydroxide of 15M showed increased 

cohesion of soil thereby increasing the 
shear strength of soil. 

3. From the experimental study on 

Geopolymer soil column on varying 
curing periods, it was observed that the 

load carrying capacity of Geopolymer 

soil column increased with increase in 
curing days.Increase in spacing 

decreases the load carrying capacity. 

4. The improvement of bearing capacity of 

Geopolymer soil column for 2d spacing 
was increased by 68%, 84% and 96% 

after 7, 14 and 28days  respectively. 

5. It is observed both from experimental 
and PLAXIS the settlement of the 

footing can be considerably reduced 

with the inclusion of Geopolymer soil 
column is in loose sand. 

 

Spacing  Experimental 

Analysis 
Numerical 

Analysis  

Untreated 

sand  
1.9  2.13  

2d  1.0  1.24  

2.5d  1.4  1.51  

3d  1.66  1.83  
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