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Abstract 

 

The expansive soils are particular type of soils which are almost clayey soils. When they absorb the process of expansion takes 

place and they shrink when they dry out. The swelling process generates the hydraulic pressure which results in the heaving or 

lifting of the structure. Whereas differential settlement can be caused by the process of shrinkage. Due to the shrinkage and swelling 

process, many buildings and pavements which are placed on such soils are exposed to danger. Thus, the technique of stabilization 

is made for enhancing the properties of soil to avoid the mentioned risk. 20% of Indian land covers the black soil, which is around 

0.8msqkm. The experiments are done in the laboratory by blending the optimum % of ground granulated blast furnace slag, 

ordinary Portland cement 0.3%, 0.6%, 0.9% and 1.2% and the glass fibre  0.25%, 0.5%, 0.75% and 1% were used with black cotton 

soil to know their effects on it. OMC, MDD results were found out in the laboratory. The UCS is checked at 3,7 and 14 days of 

curing period for the mix proportions having highest values of MDD.  

Keywords: GGBS, Glass Fiber, Ordinary Portland cement, OMC, MDD, UCS 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Black cotton soils are problematic soils which creates challenges for civil engineers. These soils are risky soils and these types of 

soils can damage the structure which is built on it. The damage problems of the black cotton soil can be overcome by the method 

of stabilization. Fecund stabilization techniques are used now days, around 20% of the area in India is covered with the troublesome 

soil. That can be accessible on an average found up to deepness of 3.7m. With change in season these soils shows different 

difficulties like low shear strength, low stability and high expansion and contraction in volume, which are considered to be obstacle 

in the field of construction. 

In populated urban localities, there is growing in need of construction on soft soils, which are think of not suitable for the 

construction. So, stabilization of soft soil with glass fiber material, GGBS and cement is an important alternative method in 

construction of geotechnical and geo environmental sub structures. 

Manufacturing industries and thermal power plants each year in India and over the world, there are some industrial wastes which 

are being produced in tons as undesirable by-products which are left unutilized and are causing environmental danger by 

contaminating the soils, air and water. One among the waste is Ground Granulated Blast Furnace Slag which is being used for this 

study with glass fiber and ordinary Portland cement in small percentages. The glass fiber stabilizing agent is not so much of 

common but virtuous of consideration. 

II. EXPERIMENTAL DETAILS 

 Materials: 

 Black Cotton Soil:  

The black cotton soil used for this study is collected from a construction site in Irani Galli Chidri road, Bidar from an open 

excavation at a depth of 2.5m below the natural ground level. The soil used for this study was light black in colour. The physical 

properties of soil are tabulated in table 1. 
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Table - 1  

Physical properties of B.C. soil 

SL.N0 Property value 

1 Specific gravity 2.52 

2 Liquid limit 70% 

3 Plastic limit 33% 

4 Plasticity index 37% 

5 Unconfined Compressive Strength (kg/cm2) 1.06 

6 MDD (g/cc) 1.43 

7 OMC (%) 32.2 

8 IS soil classification CH 

9 Free swell index 40 

 Ground Granulated Blast Furnace Slag:  

The GGBS used for this experimental study has cement properties, which makes the partial replacement of additives. The GGBS 

is purchased from JSW cement ltd. Bellary district in Karnataka state. 
Table – 2 

Chemical properties of GGBS 

Composition Percentage 

Magnesia content (%) 7.72 

Sulphide sulphur (%) 0.51 

Sulphide content (%) 0.27 

Chloride content (%) 0.009 

Glass content (%) 92 

Moisture content (%) 0.10 

Table – 3 

Physical properties of GGBS 

Description Properties 

Fineness(M2/Kg) 375 

Specific gravity 2.88 

45 micron (residue)(%) 7.20 

 Glass Fiber:  

The glass fiber size used for the experimental study is 6mm. The GF is light weight and robust material which is made from fine 

fibers of glass. The glass fibers are purchased from Balaji Resins and Polymers, Pune. 
Table – 4 

Mechanical properties of glass fiber 

Description Properties 

Specific gravity 2.7-2.74 

Tensile strength, MPa 1700 

Effect of temperature Softening point 8600C 

 Ordinary Portland Cement:  

The cement used for this study is purchased from a local supplier in Bhalki, dist Bidar. 

 Sample Preparation:   

The various basic properties of chosen soil were found out as per IS codes. Now, the soil is treated with optimum dosage of GGBS, 

ordinary Portland cement 0.3%, 0.6%, 0.9% & 1.2% and 0.25%, 0.5%, 0.75% and 1% of glass fibers. The geotechnical parameters 

were carried out in the laboratory by conducting the standard proctor test and the unconfined compressive strength test. The 

maximum dry density and optimum moisture content values were found out from the compaction curves as per IS codes. Once 

OMC & MDD values for different prepared samples of B.C.SOIL+GGBS  with varying percentage of cement & GF were found 

out, the mix proportions for which the best results of MDD were found out, the UCS samples were prepared for the same and kept 

for curing in an air tight desiccators. These prepared samples of UCS were tested in the UCS machine @3, 7 & 14 days of curing. 

 Experimental work: 

Basic physical properties of black cotton soil were found out as per Indian standards codes. Compaction test and the unconfined 

compressive strength test were carried out in the laboratory for the mix proportions discussed earlier.  

III. RESULT AND DISCUSSIONS 

 OMC and MDD results of soil treated with different blending proportions of GF, OPC and optimum GGBS 
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Table – 5 

OMC and MDD results 

SL.N Description OMC (%) MDD (g\cc) 

1 B.C. SOIL+25%GGBS+0.3%OPC+0.25%GF 25.0 1.625 

2 B.C. SOIL+25%GGBS+0.6%OPC+0.25%GF 24.5 1.633 

3 B.C. SOIL+25%GGBS+0.9%OPC+0.25%GF 23.9 1.642 

4 B.C. SOIL+25%GGBS+1.2%OPC+0.25%GF 23.3 1.652 

5 B.C. SOIL+25%GGBS+0.3%OPC+0.5%GF 22.5 1.635 

6 B.C. SOIL+25%GGBS+0.6%OPC+0.5%GF 21.8 1.645 

7 B.C. SOIL+25%GGBS+0.9%OPC+0.5%GF 21.1 1.652 

8 B.C. SOIL+25%GGBS+1.2%OPC+0.5%GF 21.5 1.649 

9 B.C. SOIL+25%GGBS+0.3%OPC+0.75%GF 20.8 1.642 

10 B.C. SOIL+25%GGBS+0.6%OPC+0.75%GF 20.0 1.650 

11 B.C. SOIL+25%GGBS+0.9%OPC+0.75%GF 20.6 1.645 

12 B.C. SOIL+25%GGBS+1.2%OPC+0.75%GF 21.2 1.640 

13 B.C. SOIL+25%GGBS+0.3%OPC+1.0%GF 21.5 1.638 

14 B.C. SOIL+25%GGBS+0.6%OPC+1.0%GF 22.0 1.634 

 

 
Fig. 1: comparative OMC results for varying percentage of GF and OPC with optimum GGBS 

 
Fig. 2: comparative MDD results for varying percentage of GF and OPC with optimum GGBS 
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From the above compaction curves, it can be seen that when a small percentage of cement increase from 0.3%-1.2%, the 

maximum dry density also increases from 1.625g/cc to 1.652g/cc and there is gradual reduction in OMD value from 25% to 23.3% 

as shown above. By blending the 25% GGBS with 0.5% GF and using cement 0.3-1.2%, the MDD increase from 1.635g/cc to 

1.653g/cc up to 0.9% of cement and it get reduces when 1.2% cement is used.  

Further increase in GF up to 0.75% with 25% GGBS and varying percentage of cement, it is seen up to 0.6% of cement the 

MDD increases but further increase in dosage of cement lowers the value of MDD because of its workability. When the percentage 

of GF increase from 0.75% to 1% there is reduction in the value of MDD. The glass fiber is workable up to 0.75% only when used 

with 0.6% of cement. The glass fiber with 0.75% gives maximum value of compaction when compare to other blending proportions. 

 Unconfined Compressive Strength Test Results; 

Table – 6 

Unconfined compressive strength results for mix proportions having optimum MDD values 

Sl. No Mix Proportion 
UCS with curing period in  (kg/cm2) 

3 days 7 days 14 days 

1 25%GGBS+0.25%GF+1.2%OPC 1.57 3.745 4.711 

2 25%GGBS+1.0 %GF+0.3%OPC 1.622 3.917 5.300 

3 25%GGBS+0.50%GF+0.9%OPC 1.710 4.211 5.640 

4 25%GGBS+0.75%GF+0.6%OPC 1.768 4.454 5.911 

 

 
Fig. 3: unconfined compressive strength results for mix proportions having optimum MDD values 

The above graph shows the comparative unconfined compressive strength for the different mix proportions with curing time. 

Four different mix proportions were used for finding the values of unconfined compressive strength by keeping the optimum 

dosage of GGBS i.e. 25%. The UCS values were observed for 3, 7 and 14 days of curing period.  

The UCS value of unreinforced soil for zero day of curing was 1.06kg/cm2.  For 3 days of curing period, the optimum UCS 

value achieved for mix proportion 0.75%GF+0.6%OPC. The value reached to 1.768kg/cm2 which is 1.7 times the strength of 

unreinforced soil achieved at zero days of curing.  

When we observe the specimen cured for 7 days, the maximum value achieved is 4.454kg/cm2 which is 4.2 times the strength 

of unreinforced soil when the soil is blended with 0.75%GF and 0.6%OPC in case of 14 days of curing period, 4.711kg/cm2 

achieved for the mix proportion 0.25%GF+1.2%OPC with 25%GGBS. Whereas highest value achieved is 5.911kg/cm2 which is 

6 times the value of unreinforced soil tested at zero day.  

From the above graph it can also be seen that the UCS value increase with the curing period. From the study it is also seen that 

the strength increase up to 0.75% of glass fiber. Further increase of glass fiber results in the reduction of UCS value. The glass 

fiber is workable up to 0.75% when used with 0.6% of ordinary Portland cement.  

IV. CONCLUSION 

From the referred literature review and other articles, many researchers carried out the work on glass fiber with GGBS and their 

behavior on index properties, compaction properties, unconfined compressive strength, California bearing ratio and observed their 
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behavior. But in this study, the UCS strength of BC Soil treated with optimum dosage of GGBS, varying percentage of Glass fiber 

and small percentage of cement is used. The results of which are observed and the conclusions are made. 

From the results and experimental work, following conclusions are made. 

1) The black cotton soil blended with GGBS, GF & OPC shows higher MDD values than the soil mixed with GGBS & GF alone. 

2) The MDD value for black cotton soil alone was 1.430g/cc with 32.3% OMC, on addition of 25% GGBS+0.5%GF+0.9% OPC, 

MDD value increases to 1.653 and OMC reduces to 21.1%. 

3) As the % of GF increases the value of MDD also increases up to 0.5% further increase in % of glass fiber reduces the value, 

this is because of the workability property of the soil. 

4) The UCS strength increases with increase in the % of GF up to 0.75%, further increase of GF reduces the UCS strength. 

5) The highest UCS strength is achieved the soil blended with 25%GGBS+0.75%GF+0.6%OPC at 14 days of curing. The value 

reaches to 5.911kg/cm2 which is around 6 times the strength of B.C. soil alone tested at zero day. 

V. FUTURE SCOPE OF WORK 

Following are recommendation for future study  

In present study, the experimental investigations are carried out to know the effects of blending effects of optimum quantity of 

GGBS with small percentage of Glass fiber and OPC on the properties of the soil. From the results it is seen that there is an 

enhancement in compaction properties as well as the strength properties of the soil. In future there is scope for treatment of other 

problematic soils such as sandy soils and the marine soils. 

The same work that is done in this study can be repeat for finding the CBR tests. If there is increase in the CBR values, this can 

be used to reduce the thickness of pavements.  

The OPC can be replacing up to 30% with GGBS effectively if using in the deep stabilization such as grouting etc. 

The glass fibers are robust material having anti corrosive properties so these can be used in the construction of pavements.                              
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