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Abstract: It has become an utmost important to make soil fit to bear the heavy load coming from modern infrastructures and 

roads and highways, All the pre available soils, sometimes, are not fit to withstand heavy loads as they have weak strength due to 

more cohesion/ swelling properties or very densely packed particles. Therefore, the exploration of soil properties before and after 

its stabilization is needed. In current experimental program, raw soil was collected and its stabilization was carried out with the 

help of Ground Granulated Blast Furnace Slag and Polypropylene fibers. Various strength and other engineering parameters 

were determined in laboratory but only physical properties of Ground Granulated Blast Furnace Slag and Polypropylene fibers 

were explored during this study. Therefore, from the various results obtained from different laboratory tests, it was concluded 

that the optimum percentage of Ground Granulated Blast Furnace Slag and Polypropylene fibers are 40% and 0.50% 

respectively as at this proportions best results were attained. So, it is highly recommended that 40% Ground Granulated Blast 

Furnace Slag and 0.50% Polypropylene fibers of waste materials by dry weight of soil should be utilized for enhancing the 

different properties of raw soil. 
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I.      INTRODUCTION 

Stabilization of Soil refers to the modification of properties by chemical or mechanical means to create a superior soil material with 

certain technical characteristics. Soils are often stabilized to enhance their strength and longevity. The objective is to develop a soil 

material that can withstand the intended usage and remain functional for the planned lifespan of the project. The characteristics 

of soil exhibit significant variation across various locations and even within a single location; the effectiveness of stabilized soil 

relies on testing of soil. Different techniques are used to stabilize soil, and it is necessary to confirm the effectiveness of the 

procedure in the laboratory by using the material. 

GGBS is obtained from the quick quenching of hot iron slag, an outcome of the steel and iron manufacturing process, using steam 

or water. As a consequence of this procedure, a vitreous and granular material is formed, which is further dehydrated and finely 

pulverized into a powder. The cementitious quality of this substance serves as a binding agent for the soil. Typically, having an 

adequate amount of CaO leads to increased slag basicity and compressive strength. This waste material is readily accessible and 

economically viable. 

Polypropylene is a fully synthetic fiber derived from 85% propylene, which serves as the monomer for the production of 

polypropylene. This material is ultimately derived from petroleum. Melt spinning is used to convert polypropylene chips into 

polypropylene fibers. It is a conventional technique. PP fibers consist of both crystalline and non-crystalline areas in their structure. 

The fibers are offered in various dimensions, spanning from submillimeter to centimeter diameters. 

Needs and advantages of soil stabilization: 

1) Improves soil strength, leading to increased bearing capacity. 

2) Increasing soil carrying capacity is a cost-effective and energy-efficient alternative to deep or raft foundation. 

3) It improves soil stability on slopes and in other areas. 

4) Soil stabilization may minimize erosion and dust generation, particularly in dry and arid climates. 

5) Stabilization prevents moisture from entering the soil and maintains its strength. 

6) It reduces soil volume change caused by temperature or moisture changes. 
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II.      RESEARCH METHODLOGY 

This portion discusses the methodology of current experimental work i.e. stabilizing weak soil by using Ground Granulated Blast 

Furnace Slag (varying 10%,20%,30%,40% and 50%) and polypropylene fibre (varying 0.25%,0.5%, 0.75% and 1% of length 

12mm) as shown in table 1.. All the laboratory tests have been mentioned with which the effect of polypropylene fibre and Ground 

Granulated Blast Furnace Slag was assessed. The research methodology is mentioned as under: 

1) Raw soil sample was obtained from the vicinity area. 

2) Determination of Liquid limit, plastic limit and plasticity index was done to determine the type of soil. 

3) To evaluate optimum percentage of GGBS in soil in different percentage (0%, 10%, 20%, 30%, 40%) 

4) To study change in properties like Optimum moisture, Maximum dry density and CBR with optimized GGBS at different 

percentage (0%, 0.25%, 0.5%, 0.75%, 1.0%) and length 12mm of polypropylene fiber 

5) The effect on Unconfined Compressive Strength (UCS) of soil was also determined. 

Table 1. Different Soil Mixes. 

Soil Mix Ground Granulated blast furnace slag(%) Polypropylene fiber(%) 

Parent soil 0 0 

Soil Mix 1 10 0 

Soil Mix 2 20 0 

Soil Mix 3 30 0 

Soil Mix 4 40 0 

Soil Mix 5 50 0 

Soil Mix 6 40 0.25 

Soil Mix 7 40 0.50 

Soil Mix 8 40 0.75 

Soil Mix 9 40 1 

 

Following are the laboratory Tests that were conducted during the study: 

a) Plastic limit 

b) Liquid Limit 

c) Plasticity index 

d) Specific Gravity 

e) Compaction Proctor Test 

f) California Bearing Ratio (CBR) 

g) Unconfined Compressive Strength (UCS) 

 

III.      RESULTS 

The collected raw soil was tested for its atterberg’s limit and other soil index properties to assess the classification of soil as per 

Indian Standard Soil Classification System. The test results are shown in table: 2. 

Table: 2. Soil Properties and Classification. 

S. No. Test Name Obtained values 

1 Liquid Limit (wL) 37.2 % 

2 Plastic Limit (wp) 23.39 % 

3 Plasticity Index(PI) 13.81 

4 Classification of Soil as per IS CI 

5 Percentage Finer 51.2 % 

6 Specific Gravity 2.641 
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A. Test Results for OMC & MDD 

From the table 3, it was found that maximum dry density increases as the percentage of GGBS increases from 10% to 40% and after 

40% it almost becomes constant. Therefore, this proportion of GGBS was fixed for further investigation and to analyse the combine 

effect of GGBS and Polypropylene fibres on soil. It was also seen that maximum dry density increases with 40% GGBS as optimum 

and the Percentage of Polypropylene fibres increased from 0.25% to 0.50% and then after further increase in percentage of 

polypropylene, dry density decreases. 

(see fig. 1 & 2) 

 

Table 3. Comparison of OMC and MDD of various soil mixes with raw soil. 

Soil Mix Soil Type MDD 

(γd)g/cc 

OMC, (w)% 

Parent soil Untreated Soil 1.91 15.5 

Soil Mix 1 Soil + 10% GGBS 1.95 14.4 

Soil Mix 2 Soil + 20% GGBS 2.01 13.5 

Soil Mix 3 Soil + 30% GGBS 2.10 12.8 

Soil Mix 4 Soil + 40% GGBS 2.17 12.2 

Soil Mix 5 Soil + 50% GGBS 2.18 12.1 

Soil Mix 6 Soil + 40% GGBS +0.25% Polypropylene Fibres 2.25 11.8 

Soil Mix 7 Soil + 40% GGBS + 0.50% Polypropylene Fibres 2.31 11.5 

Soil Mix 8 Soil + 40% GGBS + 0.75% Polypropylene Fibres 2.29 11.9 

Soil Mix 9 Soil + 40% GGBS + 1.00% Polypropylene Fibres 2.25 11.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of OMC between different soil mixes. 
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Figure 2. Comparison of MDD between different soil mixes. 

 

B. Test Results for California Bearing Ratio 

From the table 4, An increase in the CBR value was observed as the percentage of GGBS increased up to 40%. Beyond this point, 

the CBR value remained relatively constant. However, when Polypropylene fibers were added, the soil mix containing 40% GGBS 

and 0.50% Polypropylene fibers showed the highest CBR value of 7.48. After this point, the CBR value remained almost 

constant. (see fig. 3) 

Table 4. Comparison of CBR of various soil mixes with raw soil. 

Soil Mix Soil Type CBR % 

Parent soil Untreated Soil 3.48 

Soil Mix 1 Soil + 10% GGBS 3.87 

Soil Mix 2 Soil + 20% GGBS 4.24 

Soil Mix 3 Soil + 30% GGBS 4.91 

Soil Mix 4 Soil + 40% GGBS 5.44 

Soil Mix 5 Soil + 50% GGBS 5.20 

Soil Mix 6 Soil + 40% GGBS + 0.25% Polypropylene Fibres 6.11 

Soil Mix 7 Soil + 40% GGBS + 0.50% Polypropylene Fibres 7.48 

Soil Mix 8 Soil + 40% GGBS + 0.75% Polypropylene Fibres 7.52 

Soil Mix 9 Soil + 40% GGBS + 1.00% Polypropylene Fibres 7.56 
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Figure 3. Comparison of CBR between different soil mixes. 

 

C. Test Results for Unconfined Compressive Strength 

From the table 5, After examining UCS of several soil mixtures, it was observed that the addition of GGBS and Polypropylene 

Fibre led to an increase in UCS compared to the UCS of the original soil. The addition of 40% GGBS resulted in a 3.934% 

increase in UCS of the soil, compared to the soil without any additions. The performed experimental investigation on the sample, 

which consisted of 40% GGBS and 0.50% PP fibers of 12mm in length, demonstrated a maximum Unconfined Compressive 

Strength (UCS) of 5.111 kg/cm2. The figure is over 85% greater than the unconfined compressive strength (UCS) of the untreated 

soil. (see fig. 4) 

 

Table 5. Comparison of UCS of various soil mixes with raw soil. 

Soil Mix Soil Type UCS (kg/cm2) 

Parent soil Untreated Soil 2.746 

Soil Mix 1 Soil + 10% GGBS 2.975 

Soil Mix 2 Soil + 20% GGBS 3.329 

Soil Mix 3 Soil + 30% GGBS 3.594 

Soil Mix 4 Soil + 40% GGBS 3.934 

Soil Mix 5 Soil + 50% GGBS 3.783 

Soil Mix 6 Soil + 40% GGBS + 0.25% Polypropylene Fibres 4.247 

Soil Mix 7 Soil + 40% GGBS + 0.50% Polypropylene Fibres 5.111 

Soil Mix 8 Soil + 40% GGBS + 0.75% Polypropylene Fibres 4.322 

Soil Mix 9 Soil + 40% GGBS + 1.00% Polypropylene Fibres 3.984 
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Figure 4. Comparison of UCS between different soil mixes. 

 

IV.      CONCLUSIONS 

After conducting various laboratory tests on various samples of soil, the present study has arrived to the following conclusions: 

1) The values of OMC & MDD obtained for the raw soil from standard proctor test were 15.5% and 1.91 g/cc respectively. 

2) From the results of soil having GGBS, it was found that maximum dry density increases as the percentage of GGBS increases 

from 10% to 40% and after 40% it almost becomes constant. Therefore, this proportion of GGBS was fixed for further 

investigation and to analyse the combine effect of GGBS and Polypropylene fibres on soil. It was also seen that maximum dry 

density increases with 40% GGBS as optimum and the Percentage of Polypropylene fibres increased from 0.25% to 0.50% and 

then after further increase in percentage of polypropylene, dry density decreases. 

3) In comparison to raw soil, the soil with 40% GGBS gave the maximum CBR value from all the soil samples containing GGBS 

i.e. 5.44%, almost 55% increase in the value. Therefore, this proportion of GGBS was fixed for further investigation and to 

analyse the combine effect of GGBS and Polypropylene fibres on soil. 

4) The soil containing fixed proportion of GGBS i.e. 40% and varying proportion of Polypropylene fibres has shown 

enhanced results of CBR test but the Optimum CBR values was attained at 0.50% of Polypropylene fibres i.e. 7.48%. Therefore, 

the optimized proportion of GGBS and Polypropylene fibres are 40% and 0.50%. 

5) The CBR value of this soil is more than twice the CBR value of raw soil whereas, in comparison to soil containing only GGBS 

(40%), the CBR value of soil (40% GGBS and 0.50% Polypropylene fibres) has an increase of 39%. 

6) The study determined that the inclusion of GGBS and Polypropylene Fibre leads to an increase in the UCS of various soil 

mixes, as compared to the UCS of untreated soil. The unconfined compressive strength (UCS) of the soil increased by roughly 

43% when 40% GGBS was added. Specifically, the UCS increased from 2.746 kg/cm2 to 3.934 kg/cm2 when compared to the 

UCS of the raw soil. 

7) The experimental study conducted on the sample containing 40% GGBS and 0.50% Polypropylene fiber with a length of 12mm 

demonstrated a maximum UCS of 5.111 kg/cm2, which is roughly 86% higher than the UCS of the raw soil. 

To conclude the present experimental research work in the gist, it is suggested to use the combination of Ground Granulated Blast 

Furnace Slag and Polypropylene fibre to improve the various engineering properties of soil. 
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