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Abstract— Clay soils are considered as problematic soils in 

civil engineering field due to its high compressibility, 

secondary compression, inadmissible strength characteristics. 

Due to rapid urbanization and industrialization, it becomes 

essential to use such soft soil for construction activities. In the 

present study, alkali activation of ground granulated blast 

furnace slag (GGBS) i.e. Geopolymer was used for 

stabilization of Clay soil. NaOH with 12 Molarity was 

selected as alkali solution. UCS test was carried out to find 

the strength development in soil. It was identified that UCS 

value increased with amount of GGBS and concentration of 

alkali solution. The soil-GGBS based geopolymer has shown 

a maximum value of 5927 kPa for 28 days of curing period in 

unsoaked condition. In case of soaked condition the soil-

Geopolymer specimens with 6,12 and 18 percentages of 

GGBS has attained strength486.3 ,4014 and 4801till 28 days 

of curing period. The various effects acting on soil- 

Geopolymer specimens like amount of GGBS, concentration 

of Alkali solution, and curing period was examined. 

Key words: Geopolymer, Blast Furnace Slag, Unconfined 

Compressive Strength, Clayey Soil 

I. INTRODUCTION 

Clayey soils are consider as problematic soil with their 

unpredictable performance in the presence of moisture. A 

little change in moisture content in this type of soil may lead 

to decrease in shear strength associated with swelling, 

shrinkage, settlement, consolidation and disruption under 

imposed wheel load due to vehicular traffic. Improvement of 

clayey soil by treating with lime, cement, slag and fly ash are 

nowadays established methods used widely around the world. 

To improve the strength and stiffness of those less competent 

soils, chemical stabilization with cementitious materials has 

been widely practiced. The commonly used stabilizers 

include ordinary Portland cement (OPC) and lime, with their 

stabilization mechanisms being relatively well understood. In 

cement stabilized soils, the stabilization mechanisms are 

associated with hydration and pozzolanic reactions. When 

lime is mixed with clayey soils, the clay particles become 

closer and the soil is stabilized through flocculation and 

pozzolanic reactions. A major issue with conventional soil 

stabilizers (i.e., OPC and lime) is that their production 

processes are energy intensive and emit a large quantity of 

CO2. For instance, approximately one ton of CO2 is emitted 

for the production of one ton of cement. Furthermore, the raw 

materials readily available for cement production are being 

over-consumed. Therefore, civil engineering industry is 

always searching for new, viable sustainable alternatives to 

replace Portland cement as soil stabilizers. 

II. LITERATURE REVIEW 

S.No Year Name Research Result 

1 1997 
Satyanarayana 

Et Al 

Stabilization of 

Clayey Soil Using 

Fly Ash 

Change in micro structure and fabric of expansive soil due to 

addition of fly ash and lime sludge from SEM (scanning electron 

microscopy) photograph and found changes in micro structure and 

fabric when 16% fly ash and 16% lime sludge were added to 

expansive soil. 

2 1982 
Rajan and 

Subramanyam 

Stabilization 

using rice husk 

ash 

Expansive soils stabilized with RHA and lime and observed that 

RHA (rice husk ash) contributes to the development of strength as 

a pozzolanic material when used as a secondary additive along with 

lime and cement. Under soaked conditions RHA gives low 

strength. Combination of lime,RHA gives low compression index. 

3 2004 Stalin et al. 

Stabilization soil 

using quarry dust 

 

Swelling potential of expansive clay , liquid limit and swelling 

pressure where decreased by using quary dust and marble dust. 

 

4 2006 Kalkan 

Stabilization 

using other 

industrial wastes 

They used red mud as a stabilizing material for the preparation of 

clay liners and it reduces swelling pressure and high compressive 

strength. 

5 2006 Phanikumar 

Stabilization of 

Expansive Soil 

Using Fly ash 

Added fly ash lime to expansive soils range of 1-10% and 1-20% 

respectively. The confined compressive strength and split tensile 

strength increased addition of fly ash lime. 

Table 1: Review of literature

III. MATERIALS USED 

In this investigation materials used are   

1) Clay soil. 

2) GGBS (ground granulated blast furnace slag cement). 

3) Sodium hydroxide. 

4) Water. 
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IV. PROPERTIES OF MATERIALS 

SN

O 

CHARACTERISTI

CS 

REQUIRMEN

T AS PER 

BS:6699 

TEST 

RESUL

T 

1 Finess  ( M / KG ) 275 (MIN) 290 

2 Specific Gravity  2.85 

3 

Chemical Moduli 

CaO 

MgO 

SiO2 

Al2O3 

 

- 

- 

- 

- 

 

35.31% 

7.72% 

33% 

15% 

Table 3: Properties of GGBS  

S.no Chemical formula NaOH 

1 Molecular weight 40 

2 
Absolute density 

g/cm3 
2.13 

3 Melting point ℃ 318.4 

4 Boiling point℃ 1390 

5 
Solubility in 

water*g/100g H20 

42@0 ℃    114@2542℃     

347@100℃ 

6 Purity 98% 

Table 4: Determination of Properties of sodium hydroxide 

S.no Description  
Getting 

value 

1 Specific gravity  2.4 

2 Liquid limit  43% 

3 Plastic limit  20% 

4 Dry density of soil  1.27 g/cc 

5 Bulk density of soil  1.54 g/cc 

6 Optimum moisture content  20% 

7 Maximum dry density  1.4g/cc 

8 C.BR   

9 
C.B.R. of specimen at 2.5 mm 

penetration 
 9.4 

10 
C.B.R. of specimen at 5.0 mm 

penetration 
 9.7 

11 
UCS(unconfined compressive 

strength) 
 181.96kpa 

12 Cohesive strength  90.8kpa 

Table 5: Properties of clay soil 

V. WATER 

Water cement ratio used is 0.45. It should be free from 

organic matter, impurities and salt and the pH value should 

be between 6 and 7 is used for casting and curing the concrete 

blocks as per IS456-2000. 

PH of water = 6.5 

VI. SAMPLE PREPARATION AND TESTING 

Remolded cylindrical specimens having diameter 38mm and 

height 76mm were prepared in PVC molds. The soil samples 

were prepared using various ratios of source material GGBS 

are 6,12,18and24% by weight .Molar strengths of sodium 

hydroxide solutions used for activation were 12M and were 

used for each blend of soil and source material. For 

determination of UCS of any specimen, average of three 

readings after 7,14 28days curing was reported as the UCS of 

specimen. Preparation of soil-source material combination 

sample was done using following procedure: 

 Oven-dried soil was weighed to the nearest gram;  

 The requisite quantity source material was weighed to 

the nearest gram; 

 The soil and source material were mixed thoroughly for 

five minutes;  

 Alkali was added to soil-source material mixture and 

mixed thoroughly until a uniform mix was prepared 

Mixing can be done easily using mixing appliance used 

in laboratory. 

 The soil mixed with binder were rolled, put in PVC 

molds and compacted until air was expelled from the mix 

 Curing 

The prepared samples were kept in laboratory for 24h and 

then placed in an open yard for curing. The samples were 

covered by moist cotton cloth throughout its curing period. 

 
(a)    (b) 

 
(c)    (d) 

Fig. 1: (a) Mould (b) Specimen(c) Curing of Specimen in 

Desiccator (d) Curing 

Molarity A/B 
GGBS 

(%) 

Unconfined compressive 

strength (kPa) 

7 days 14 days 28 days 

12 0.45 

6 6.43 17.65 212.1 

12 64.36 193.9 262.03 

18 148.88 309.4 1005 

24 584.69 1621.3 4469 

12 0.65 

6 17.65 169.4 521 

12 71.6 571.9 1806 

18 582.3 1923 3711 

24 662.1 4107 4844 

Table 6: Unconfined Compressive Strength of Soil-GGBS 

Based Geopolymer Soaked Condition for Soil 
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Graph 1: stress vs strain for soil-GGBS based geopolymer 

for different percentages for 28 days in soaked condition at 

M=12 and A/B=0.6 

 Graph 1shows the variation of UCS of slag-based 

geopolymer–soil samples with % slag content at M=12 and  

A/B=0.65, 28 days of curing, 24% GGBS have a increment 

in strength around4844 kpa which is compared to 6,12 and 18 

percentages of GGBS .The 6, 12 and 18 are the not proper 

activation of GGBS 

Molarity A/B 
GGBS 

(%) 

Unconfined compressive 

strength (kPa) 

7 days 
14 

days 
28 days 

12 0.45 

6 22.5 72.1 206 

12 116 177 453 

18 329 613 1941 

24 743 1757 5790 

12 0.65 

6 72.1 137 486.3 

12 86.9 481 4014 

18 564.2 2301 4801 

24 899.9 2779 5927 

Table 7: Unconfined Compressive Strength of Soil-GGBS 

Based Geopolymer UnSoaked Condition for Soil 

 
Graph 2: stress vs strain for soil-GGBS based geopolymer for different percentages for 28 days in soaked condition at M=12 

and A/B=0.65 
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 Graph 2 shows the variation of UCS of slag-based 

geopolymer–soil samples with % slag content at M=12 and  

A/B=0.65, 28 days of curing, 24% GGBS have a increment 

in strength around 5927kpa which is compared to 6,12 and 18 

percentages of GGBS .The 6, 12 and 18 are the not proper 

activation of GGBS 

  
(a) 12 M  0.65 6%  (b) 12 M  0.65 12% 

  
(c)12 M  0.65 18%             (d) 12 M  0.65 24% 

Fig 2: a, b, c, and d shows the failure pattern for 6 ,12,18 

and 24 percentage of A/B=0.45  for 14 days of curing. 

VII. ROLE OF NA/AL AND SI/AL RATIO 

Si/Al ratio of a source material is constant. To have vari- ation 

in Si/Al ratio in a mix, either Si+ content or Al+ content has 

to be changed. In the present study, variation in Si/Al ratio 

was done by adding sodium silicate in the mix as a secondary 

source of Si+. Sodium silicate also contains Na+.When 

sodium silicate was added in the mix, content of sodium 

hydroxide was reduced in such way that the overall weight of 

the sodium remained constant. To study the effect of Si/Al 

ratio on UCS of test specimens, slag content was kept 

constant at 20%. A wide range of Si/Al ratio was considered 

for three different Na/Al ratios 

 Na/Al and Si/Al ratios vary with the change in 

blending proportion ggbs. In the present study, one different 

molar concentrations of NaOH solution, namely 12 were 

considered to study the effect of blending 

Molar concentration 

(M) 

Alkali/Binder 

(A/B) 

Ratio 

Na/Al Si/Al 

12 
0.45 1.24 1.79 

0.65 1.79 1.79 

Table 8: Na/Al ratios based on Molarity and Alkali to binder 

ratios 

 
Graph 3: Role of Na/Al and Si/Al ratio=1.79, for soaked 

condition 

 Graph 3shows the variation of 28-day UCS of 

samples with the variation of Si/Al ratio. There was a 

continuous increase in UCS with the increase in Si/Al ratio. 

Maximum strength was shown by specimens with M=12 and 

R=0.65 

 
Graph 4: Role of Na/Al and Si/Al ratio=1.79, for soaked 

condition 

 Graph 4 shows the variation of 28-day UCS of 

samples with the variation of Si/Al ratio. There was a 

continuous increase in UCS with the increase in Si/Al ratio. 

Maxi- mum strength was shown by specimens with M=12 

and R=0.65. 

VIII. CONCLUSION 

Based on the obtained results and discussion there of 

following conclusions can be drawn 

 The UCS value of the geopolymer stabilized clay found 

to vary with percentage of GGSS and alkali solution, and 

maximum UCS value was obtained with 28% GGBS. 

and 12Molarity of Alkali solution with alkali to binder 

ratio (A/B) of 0.65. 

 When compare to the 28 days of curing 7 and 14 days we 

got less UCS strength. 

 The UCS value of Geopolymer stabilized organic soil 

found to vary with Na/Al ratio. With increase in Na/Al 

ratio the strength of soil-Geopolymer specimens was 

increased. 
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