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ABSTRACT: Granular sub-base (GSB) is placed just on top of the sub-grade and beneath the base course in a road 

structure, its role is to drain out the water as well as transfer the load to sub-grade layer. The GSB material is mixed with 

different percentages of lime, fly-ash and polypropylene fibre. Initially, physical properties of GSB materials were 

ascertained to judge its suitability. Performance related test like maximum dry density (MDD) and optimum moisture 

content (OMC), soaked California bearing ratio (CBR) and permeability of GSB material were performed in the laboratory 

with and without lime, fly-ash and fibre. Inclusion of lime improves CBR strength but decreases the permeability of GSB 

material considerably. Addition of fly-ash decreases both CBR and permeability value of GSB material. Incorporation of 

fibre enhances the reinforcing effect of GSB materials due to which a significant improvement on the strength of the GSB 

composites were obtained. Also, the permeability of the GSB composites were improved by the addition of polypropylene 

fibre. On the basis of the result, it was found that polypropylene fibre is the best additive to be used with sub-base material 

as it provides good strength to the GSB material and increases the permeability of GSB material. 

 
KEYWORDS: granular sub-base, maximum dry density, optimum moisture content, California bearing ratio. 

1 INTRODUCTION 

Aggregate materials which are widely used in road 

construction and maintenance in flexible pavement 

layers are becoming scarce and expensive in many 

parts of North-Eastern region of India. This is due to 

uneven distribution of high quality aggregate in nature. 

If a high quality aggregate exists at any particular area 

then that land may be used for other uses or restrict it 

from mining due to public perception. Hence, 

construction or maintenance of roads has been 

hindered in certain regions both financially and 

logistically.  

In India more than 98% roads are of flexible type, 

which consist of sub-grade layer, sub-base layer, base 

course and surface layer. The premature failure of 

pavement is of great concern. Stagnation of water 

affects adversely the performance of flexible 

pavements. Water enters into the pavement section 

through cracks, joints, infiltration. In hilly region, 

water infiltrates laterally through the cross-section of 

road.  

Some of the effects of water, when trapped within the 

pavement structures are (a) Reduction in strength of 

sub-grade and base/sub-base. (b) Hydraulic pumping 

action due to traffic load lead to disintegration of 

aggregate of pavement layer. (c) Stripping of asphalt in 

flexible pavement. (d) Differential swelling in expansive 

sub-grade soil. (e) Movement of fine particles into the 

base or sub-base course resulting in reduction in 

permeability of sub-base layer. There are two 

approaches to reduce water infiltration (a) pavement 

joint and crack should be sealed to reduce infiltration, 

(b) water can be removed vertically through sub-grade or 

laterally through the drainage layer into a system of pipe 

collector. 

Vertical drainage is not adequate because the coefficient 

of permeability of compacted sub-grade is usually very 

low. Therefore, lateral drainage is needed to carry 

infiltrated water away from pavement structure i.e. 

through the sub-base layer. Granular sub-base (GSB) is 

situated above the sub-grade and serves as the 

foundation for the overall pavement structure. The GSB 

layer is divided into two parts (a) Upper GSB as 

drainage layer and (b) Lower GSB as filter layer to 

prevent intrusion of sub-grade soil into the sub-base 

layer and pavement. 

Li et al. (1995) reported that there were notable increases 

in shear strength, toughness and plasticity of a cohesive 
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soil after reinforcement with discrete polypropylene. 

Hoover et al. (1982) reported that the soil and fibre 

composite were effective in improving CBR value of 

sandy soil as compared to silty/clayey soil. Al-Refai 

(1991) studied the effect of fibre reinforcement using 

different types of granular soil. It was observed that 

fibre- reinforcement effect seemed more profound in 

fine sand with sub-rounded particles than in medium 

grained sand with sub-angular particles. Kumar, Wallia 

and Bajaj (2007) observed that with the addition of 

1.5% of 6mm plain fibre or 1% of 6mm crimped fibre 

to a mixture containing 8% lime and 15% fly-ash, 

increases unconfined compressive strength by about 

74% as compared to that of same mixture without 

fibre. In most of the literatures it was found that the 

results obtained were for the samples which weren‟t 

categorized with respect to their physical properties. In 

this paper samples are segregated into strong and weak 

category as per aggregate crushing value, impact value, 

abrasion value and water absorption value. 

2 Collection of sample and material 

The samples were collected from different sites of 

Arunachal Pradesh. The various properties of the GSB 

samples (SL) are given in table 1. The fly-ash was 

collected from Hindustan Paper Corporation Limited 

(HPCL), Jagiroad, Assam. The specific gravity of fly-

ash is 1.91. The polypropylene fibre with a diameter of 

0.3mm was cut into 40mm length maintaining an aspect 

ratio of 133. (Aspect ratio is the ratio of length of fibre to 

the diameter of fibre). 

 
                                                           Table 1 Physical properties of GSB material 

 

Sl No. Properties 
 

SL 1 SL 2 SL 3 SL 4 SL 5 

1 Liquid limit (WL), % 16.64 15.89 19.1 18.21 15.72 

2 Plastic limit (WP), % 
Can‟t be 

determined 

Can‟t be 

determined 

Can‟t be 

determined 

Can‟t be 

determined 

Can‟t be 

determined 

3 P.I (WL – WP), % Non- Plastic Non- Plastic Non- Plastic Non- Plastic Non- Plastic 

4 Aggregate crushing value, % 15.57 13.21 18.54 23.61 21.42 

5 Impact value, % 19.70 17.21 17.47 19.26 21.16 

6 Abrasion value, % 29.51 27.26 30.12 33.13 32.11 

7 Specific gravity 2.63 2.69 2.62 2.60 2.61 

8 Water absorption value, % 0.42 0.34 0.46 0.82 0.78 

From the properties of aggregate crushing value, 

impact value, abrasion value and water absorption 

value (Table 1) and mainly CBR value (Table 2), the 

sample SL1, SL2 and SL3 are regarded as relatively 

stronger samples and SL4, SL5 are regarded as 

relatively weaker samples. 

3 Test Methodology 

The Standard Proctor Test were done on the untreated 

GSB samples and treated GSB samples with  0.5%, 

1%, 1.5%, 2% polypropylene fibre; 2%, 3%, 4%, 5% 

lime; and 5%, 10%, 15%, 20% fly-ash  to determine 

the OMC and MDD of various GSB composite 

samples. The OMC obtained by the Standard Proctor 

Test were used in CBR sample preparation to 

determine the soaked CBR value of untreated GSB 

sample (curing period is 4 days) and different amount 

of fibre (curing period is 4 days), lime (curing period is 

7 days), and fly-ash (curing period is 4 days) treated 

GSB samples as mentioned above. The falling head 

permeability tests were done on untreated GSB 

samples and treated GSB samples with different amount 

of fibre, lime and fly-ash. 

3.1    Compaction Test 

The Standard Proctor Test were done as per IS 2720 

(Part 7) - 1980 to determine the OMC and MDD for all 

the five samples. The value of OMC and MDD are given 

in Table 2. 

3.2    California Bearing Ratio (CBR) test 

CBR is the measure of resistance of material to the 

penetration of standard plunger under known moisture 

content and density conditions. The CBR test were 

performed as per IS 2720 (Part 16) - 1987. Soaked CBR 

were done in which the untreated GSB samples and 

treated GSB samples with fibre and fly-ash were cured 

for four days and GSB samples treated with lime were 

cured for seven days. The CBR values of various 

samples are given in Table 2.  
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3.3 Permeability Test 

Falling head permeability test were done on all the five 

samples and with fibre, lime and fly-ash treated GSB 

samples as mentioned in test methodology as per IS          

2720 (Part 17) -1986. In case of lime treated GSB,  

 

initially the samples were cured for three days and then 

the permeability values of the lime-GSB composite were 

determined.

 
Table 2 Engineering properties of GSB material. 

 

Sl No. Properties SL 1 SL 2 SL 3 SL 4 SL 5 

1 OMC, % 10.5 10.01 8.20 10.21 10.40 

2 MDD, g/cm
3
 2.010 2.118 2.011 1.792 1.821 

3 CBR, % 21.46 22.83 20.66 15.53 16.40 

4 Permeability, cm/sec 5.226 × 10
-3

 4.278 × 10
-3

 5.862 × 10
-3

 9.721 × 10
-3

 9.221 × 10
-3

 

 

4 Results and Discussions 

 

4.1 Compaction Test 

Addition of fibre on GSB sample shows that with the 

increase in fibre content MDD decreases (this is due 

reduction of average unit weight of GSB-fibre mixture 

per unit volume) and OMC increases (this is due to the 

increase in surface area of the fibre which increases the 

required amount of moisture so that composite material 

become workable under load) whereas addition of lime 

on GSB samples, both MDD (due to occupying of lime 

particle in the voids of GSB material) and OMC 

increases (since the voids in the GSB material are 

occupied by the lime particle and it takes up the moisture 

from the GSB material which reduces the moisture 

content and hence increases the tendency of GSB 

material to absorb more water). MDD value of GSB-fly-

ash composites increases with addition of 5% fly-ash 

and then the value of MDD decreases with further 

increase in fly-ash whereas the value of OMC decreases 

continuously with the increase in fly-ash.

 
                               Table 3 CBR and Permeability results of GSB samples at optimum amount of additives. 

Sl 

No. 

SL 

Name 

CBR, % 

(Untreated) 

CBR, % 

(Fibre 

treated) 

CBR, % 

(Lime 

treated) 

CBR, % 

(Fly-ash 

treated) 

Permeability, 

cm/sec 

(Untreated) 

Permeability, 

cm/sec  

(Fibre treated) 

Permeability, 

cm/sec 

(Lime treated) 

Permeability, 

cm/sec 

(Fly-ash 

treated) 

1 SL 1 21.46 

26.67  

(for 1%  

fibre) 

28.39 

(for 4% 

lime) 

20.92 

(for 5% 

fly-ash) 

5.226 ×10
-3 7.262 ×10

-3
 

(for 1% fibre) 

1.624 ×10
-3

 

(for 4% lime) 

2.241 ×10
-3

 

(for 5% fly-

ash) 

2 SL 2 22.83 

25.72 

 (for 1% 

fibre) 

27.89 

(for 4% 

lime) 

21.12 

(for 5% 

fly-ash) 
4.278 ×10

-3
 

6.216 ×10
-3

 

(for 1% fibre) 

1.926 ×10
-3

 

(for 4% lime) 

2.322 ×10
-3

 

(for 5% fly-

ash) 

3 SL 3 20.66 

23.84 

 (for 1% 

fibre) 

25.87 

(for 4% 

lime) 

18.66 

(for 5% 

fly-ash) 

6.261 ×10
-3

 
7.012 ×10

-3
 

(for 1% fibre) 

1.719 ×10
-3

 

(for 4% lime) 

2.013 ×10
-3

 

(for 5% fly-

ash) 

4 SL 4 15.53 

22.61 

 (for 1.5% 

fibre) 

21.11 

(for 4% 

lime) 

13.18 

(for 5% 

fly-ash) 

9.721 ×10
-3

 

1.615 ×10
-2

 

(for 1.5% 

fibre) 

2.792 ×10
-3

 

(for 4% lime) 

5.421 ×10
-3

 

(for 5% fly-

ash) 

5 SL 5 16.40 

22.76  

(for 1.5% 

fibre) 

22.11 

(for 4% 

lime) 

13.73 

(for 5% 

fly-ash) 
9.221 ×10

-3
 

1.687 ×10
-2

 

(for 1.5% 

fibre) 

4.021 ×10
-3

 

(for 4% lime) 

5.551 ×10
-3

 

(for 5% fly-

ash) 
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4.2     California Bearing Ratio 

With the addition of fibre to the GSB samples, the 

CBR value increases up to 1% of fibre content for SL 

1, SL 2, SL 3 which are relatively stronger samples and 

1.5% of fibre content for SL 4, SL 5 which are 

relatively weaker samples, after that CBR value 

decreases with further addition of fibre content, this is 

because as fibre content increases, the surface area 

between fibre and GSB increases, leads to increase in 

friction between them. Hence, there is an increase in 

friction offered by the adhesion between fibre and GSB 

surface resulting into higher strength of mix.   The 

CBR value of lime-GSB composites increases up to 

4% of lime content and then decreases. The increase in 

CBR value of GSB with lime is due to the formation of 

cementitious compound due to reaction between lime 

and GSB material. And for fly-ash-GSB composites, 

the CBR value decreases continuously. This is because 

there is no cohesion interaction between GSB material 

and fly-ash takes place.   

4.3     Permeability 

Incorporation of fibre to the GSB material increases the 

permeability of GSB composite this is because the 

fibre forms the connecting passage for the flow of 

water along with the pores of GSB materials. Whereas 

addition of lime and fly-ash to the GSB material 

decreases the permeability of GSB composites as the 

particle size of lime and fly-ash are very small and 

occupy the voids of GSB material leading to the 

decrease in permeability of GSB composite. 

5     Conclusions 

From the detailed analysis of both untreated and treated 

GSB with polypropylene fibre, lime and fly-ash, the 

results obtained suggests that the CBR value is 

maximum when 4% of lime is added to the GSB 

samples but it decreases the permeability of lime-GSB 

composites. However, addition of fly-ash to the GSB 

material decreases the CBR and permeability values. In 

case of polypropylene fibre, maximum CBR value is 

obtained when 1% fibre is added to samples SL1, SL2 

and SL3 (relatively stronger samples) and 1.5% fibre to 

samples SL4 and SL5 (relatively weaker samples), and 

permeability values increases simultaneously. As the 

addition of polypropylene fibre to the GSB material 

increases the CBR value as well as the permeability 

value of GSB material as compared with lime and fly-

ash, hence, polypropylene fibre is the best additive to 

be used with GSB material. The research can be carried 

further by the amalgamation of these additives 

together. The mineralogical composition of GSB and 

their changes with the addition of lime can also be 

investigated to understand their influence on CBR and 

permeability values. 
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