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Abstract: A number of ground improving techniques are in use nowadays. Randomly distributed fibre soils are 

gaining popularity owing to its economy and easy to use method. The present research studies the effect of 

Polypropylene Fibre as reinforcement in soil. The study focussed on determining the effect on Maximum dry 

unit weight and optimum moisture content. The soil was reinforced at a rate of 0.1%, 0.2% and 0.3% of 

polypropylene fibre and the length of fibre varied as 6mm, 12 mm and 18 mm. 
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I. Introduction 

The “Reinforced Earth” today, is the outcome of rational study by French Engineer Henry Vidal, who developed 

the use of tension resistant elements to reinforce the soil mass. He described that there is an interaction between 

the soil and reinforcement due to soil reinforcement surface friction. Resultant interaction transmits the stress in 

the soil mass to reinforcement, thus improved earth lead to rapid development in this field throughout the world. 

In short, the performance of the reinforced earth structures depends on the mobilization of interfacial frictional 

resistance between soil and reinforcement. He first used this technique in the construction of Nice-Menton 

highway for 22m high retaining wall (Vidal, 1968). The first recorded attempt to use textile material in road 

construction was in South Carolina in the early thirties (Holtz, 1994). The fabric was woven cotton canvas 

which, although lacked the durability of modern synthetic polymer fabrics, performed very well. 

Among the recent developments such as use of binding agents like cement, lime, bitumen, chemicals and 

processes like heating or freezing to improve the engineering properties of soil, earth reinforcements are 

effective, reliable and widely used as ground improvement technique. Nowadays this technique has variety of 

applications ranging from retaining structures and embankments to subgrade stabilization beneath footing and 

pavements. Reinforcement can vary greatly, either in form (strips, stets, grids, bars or fibres). Texture (rough or 

smooth) and relative stiffness (high such as steel or low such as polymeric fabrics).  

Al Wahab and Al Qurna (1995) concluded that dry weight was slightly more influenced by fibre content on the 

dry side of the optimum moisture content than on the wet side of optimum. Also from his work he concluded 

that unconfined compression test results for silty clay soil specimen reinforced with polypropylene fibres 

indicate that an optimum fibre of approximately 1% of the dry unit weight of the soil and a fibre length of 

25mm, maximize the strength, workability and homogeneity of the soil fibre matrix. The optimum fibre content 

depends largely on the soil and fibre types.  

The study analysed the samples of Randomly Distributed Fibre Soil (RDFS) to determine effect on optimum 

moisture content and dry unit weight. 

II. Methods and methodology 

IS: Light compaction tests were conducted on clay with different % of water content. The wet soil was 

compacted in a compaction mould which having basically three parts viz. detachable base plate, cylindrical 

mould and removable extension collar. A cylindrical mould was made up of non-corrodible material with 

100mm internal diameter and internal effective height equal to 127.3 mm. The volume of the mould was 

1000cc. The approximate height of the detachable base plate and a removable extension collar was 60mm 

having a non-corrodible material. These dimensions are different for heavy or modified compaction test. The 

metallic rammer which was used for compaction having a face diameter of 50 mm. The weight of the rammer 

was 2.6 kg equipped with suitable arrangements to give free drop of 310 mm.  

 The other accessories used for test were steel straight edge of about 300 mm in length with one edge levelled, 

spatula, balance (sensitivity 0.01 g), drying crucibles, mixing tools such as mixing pan, spoon spatula etc. for 

uniformly mixing of the soil sample with water.   

The first step in process of sample preparation was to determine the mixing proportions of soil and fibre to 

perform test at required fibre content. Fibres herein have been taken as a percentage weight of dry clay. For a 

light compaction test, 2.5 kg soil was taken. According to soil weight, different percentage weight of fibre was 

taken.  
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The second step in the process of sample preparation was actual mixing. In the present investigation the fibres 

were mixed by hand. Fibres were randomly mixed in the soil.   

All tests were conducted with different % of fibres including different lengths of fibres for a particular 

percentage of fibre. To perform test, first of all, mould and base plate were dry and clean. Slight grease was 

applied to mould and base plate. Then empty weight of mould with base plate but without extension collar was 

taken.  

Then water was added in the prepared soil sample to bring the moisture content about 8-10% of dry soil weight. 

Water was thoroughly mixed to soil sample. After thoroughly mixing of water, wet soil was filled in the mould 

in equal three layers. Each layer of sample was given 25 evenly distributed blows of rammer with a free fall of 

310mm distance. Before putting second layer of the soil, the top surface of the first compacted layer was 

scratched with help of sharp edged tool. After complete compaction of three layers, collar was rotated to break 

the bond between it and soil and the collar was removed. Soil was trim off to make it flush with top of the 

mould. Mould was weighted with base plate and compacted soil.  

 Then soil was ejected outside of mould and representative sample was taken for water content determination. 

The same procedure was repeated six to seven times with addition of higher percentage of water content than 

the preceding one till there was either a decrease or no change in mass of the wet compacted soil. Finally, soil 

was removed from the mould.  

A total 10 IS: Light compaction was conducted to study the influence of fibre on the maximum dry density (γ 

dmax) and OMC of RDFS. Out of which one test was without reinforcement and nine tests were with different 

percentage of fibres (FC) i.e. 0.1%, 0.2%, and 0.3% with different length of fibres i.e. 6mm, 12mm, 18mm 

length.  

Dry unit weight versus water content plots obtained from compaction tests for a fix length with different 

percentage of fibres are shown in Figure3.1 to Figure3.10. A glance at these Figures indicates that the maximum 

dry unit weight increases while OMC decreases with certain increase in percentage of fibres.  

III.  Result and Discussion 

The total of 10 soil specimens were tested the first sample was unreinforced and contained 0% of polypropylene 

fibre. This was used a control specimen to serve as reference to determine the effect on the properties of 

specimen with respect to fibre content. The effect of fibre length was determined by comparing with the values 

of different fibre length and their effect on the values of the properties concerned. 

 
  Figure 3.1 Proctor Curve Test (Soil = 100%, FC=0.1%, FL- 6mm) 

 

 
Figure 3.2 Proctor Curve Test (Soil = 100%, FC=0.1%, FL- 6mm) 
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Figure 3.3 Proctor Curve Test (Soil = 100%, FC=0.2%, FL- 6mm) 

 
 Figure 3.4 Proctor Curve Test (Soil = 100%, FC=0.3%, FL- 6mm) 

 
 Figure 3.5 Proctor Curve Test (Soil = 100%, FC=0.1%, FL- 12mm) 
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Figure 3.6 Proctor Curve Test (Soil = 100%, FC=0.2%, FL- 12mm) 

 

 
Figure 3.7 Proctor Curve Test (Soil = 100%, FC=0.3%, FL- 12mm) 

 

 
 Figure 3.8 Proctor Curve Test (Soil = 100%, FC=0.1%, FL- 18mm 
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 Figure 3.9 Proctor Curve Test (Soil = 100%, FC=0.2%, FL- 18mm 

 

 

 
Figure 3.10 Proctor Curve Test (Soil = 100%, FC=0.3%, FL- 18mm 

  

Effect of Fibre Length on Maximum Dry Unit Weight  

The effect of fibre lengths on maximum dry unit weight of RDFS are shown in Figures 3.2 to 3.10. For any 

particular percentage of fibre content, the dry unit weight increases with increase in fibre length. Beyond a 

particular length of fibre, it implies that the maximum dry unit weight of RDFS decreases with increase in fibre 

length. Maximum dry unit weight is recorded for 12mm fibre included soil where it ranges from 1.822 to 1.832 

gm/cc, and maximum dry unit weight is lowest in case of 18mm fibre included soil where it ranges from 1.689 

to 1.815 gm/cc.   

 Effect of Fibre Content on Maximum Dry Unit Weight  

The effect of fibre content on maximum dry unit weight of RDFS is shown in Figure 3.2 to Figure 3.10. For any 

particular fibre length, an increase in fibre content causes an increase in dry unit weight. It implies that, the 

maximum dry unit weight of RDFS increase with increase in fibre content. Maximum dry unit weight is 

recorded for 0.3% inclusion of fibres.  

Effect of Fibre Length on Optimum Moisture Content  

Addition of 6mm fibre has led to decrease in OMC compared to that of raw soil. Also addition of 12 mm fibre 

has led to decrease in OMC. But as compared to 6mm fibre, there is less decrease in OMC by 12mm fibre. 

However, further increase in length (i.e.18mm) causes an increase in the OMC. The maximum OMC (19.25%) 

is recorded for 18 mm fibre at 0.3% fibre content. The lowest OMC is recorded for 6mm fibre at 0.3%.  

Effect of Fibre Content on Optimum Moisture Content  
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 The effect of fibre content on OMC is presented in Figure 3.2 to 3.10. The OMC is decreased with increase in 

fibre content. The maximum OMC noted for 12mm fibre length was 18.75 at 0.1% while minimum OMC 

recorded 17% at 0.3%. While maximum OMC for 6mm 18.15 at 0.1% and minimum 16.25% recorded at 0.3%.  

 

IV. Conclusion 

 The compaction characteristics of the fibre reinforced soil are similar to that of the unreinforced soil. The 

maximum dry unit weight of RDFS is more than that of unreinforced clay.  

 The maximum dry unit weight increases with increase in the fibre content with fibre length of 12mm up to 

0.3% fibre content. As the length of fibre increases the effect of increasing the FC shows unpredictable 

results.  

 At 0.1% fibre content, maximum dry unit weight increases with increase in length up to 18mm, however at 

0.2% and 0.3% FC, maximum dry unit weight decreases significantly as that of unreinforced clay.  

 At 18mm fibre length with 0.3% fibre content, the maximum dry unit weight reduces by approximately 

3% to that of unreinforced clay.  

 The optimum moisture content of RDFS is less than that of unreinforced clay. The optimum moisture 

content decreases with increase in the fibre content up to 12mm fibre length with 0.3% fibre content.  

 However decrease in O.M.C is less at 0.3% FC as compared to 0.2% and 0.1% FC for 6mm and 12mm 

length fibre respectively. At 18mm fibre, optimum moisture decreases with increase in fibre content up to 

0.2%, however they have a high value of optimum moisture content as compared to 0.1% and 0.2% fibre 

content with 6mm and 12mm length fibre.  

 At 0.3% FC with 18mm fibre shows unexpected results, as OMC increases suddenly as that of 

unreinforced clay.  
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