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ABSTRACT 

Clayey soils and their related abnormal behaviour such as excessive shrinkage, swelling, consolidation, settlement and cracking 

on drying has been the subject of many investigations. In recent years, an increasing need is being felt for various types of 

constructions in marginal; lower reclaimed lands and coastal areas which are not suitable normally for construction purposes. 

Clay, well known for its high compressibility and poor shear strength, pose numerous problems to builders. However, reportedly 

in many cases, these additives resulted in a decrease in plasticity and increase in hydraulic conductivity. As a result, there has 

been a growing interest in soil/fibre reinforcement. The paper presents the effect of Pine needles stabilization on strength 

behaviour of clayey soil. Pine needles were collected from locally available forest (Rajouri, J&K, India) and were chopped into 10 

to 15mm lengths and left for sun drying till they turn yellowish brown in colour. Pine needles were then added randomly in clayey 

soil at different percentages (i.e. 0.5%, 1% 1.5%, 2%, 2.5%) by dry weight of soil. Soil samples randomly mixed with Pine 

needles were prepared at different water contents to determine the maximum dry density (MDD) and optimum moisture contents 

(OMC) of various samples .The soil samples were then  subjected to (California bearing ratio) CBR and Shear Strength tests. The 

CBR test results shows that there is significant increase in CBR value and shear strength of soil reinforced with Pine needles. 
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1. INTRODUCTION 

The primary purpose of reinforcing a soil mass is to improve its stability by increasing its bearing capacity, and by reducing 

settlement and lateral deformation. Conventional reinforcing methods make use of continuous inclusions of strips, fabrics, and 

grids into the soil mass. The random inclusion of various types of fibres is a modification of the same technique, in which the 

fibres act to interlock soil particles and aggregates in a unitary coherent matrix. Treatment of soft soils with natural product offers 

economical, ecological and environmental benefits. For the advantages, pine needle fibre is a versatile product, available 

abundantly, it is, as such a sure and economical answer. Treatment of soft soils with natural product offers economical, ecological 

and environmental benefits. The pine needle fibre also has strong characteristic and durable, making it suitable for use in the 

cementitious matrix for high performances structural element. Flexural properties are very important for construction materials, 

especially when their intended applications are in area such as country road or pavement.  

1.1 OBJECTIVES  

The following are the objectives of the study: 

1. To determine the properties of clayey soil 

2. To compare the effectiveness strength between treated and untreated clayey soil. 

3. To find the effectiveness of pine needles in clayey soil. 

 

2. MATERIALS AND METHODOLOGY  

2.1.  Material Used  
2.1.1. Pine needles 

Naturally available Pine needles were collected from local forest of Rajouri, J&K. Pine needles were separated and fibres were 

cut in length of 10 mm to 15mm.The properties of pine needles are given in table 1. 
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Table 1 : Properties of pine needles 

S.NO Material Properties Values 

 

1. 

 

Fiber Length 

 

10 mm to 15 mm 

 

2. 

 

Diameter 

 

0.7 mm to 1.2 mm 

 

3. 

 

Colour when dry 

 

Brown 

 

4. 

 

No. of fibres per g 

 

200 

 

5. 

 

Holocellulose content 

 

67.29% 

 

6. 

 

Pentosan 

 

11.57% 

 

2.1.2. Soil 

The soil samples were collected from Dangri, a local place in Rajouri (33023’N 74018’E). Prototypes for soils were created in the 

college of Engineering & Technology BGSB University Rajouri J&K geotechnical engineering lab. 

 

 

 
 

Figure 1: sampling site 

2.2. METHODOLOGY 
Undisturbed samples were collected   from the site and  various tests were performed . In first series of tests the grain size analysis was  

done by using hydrometer. Then atterberg’s limits like plastic limit, liquid limit, shrinkage limit of the virgin soil and also reinforced soil  

were found. In second series of tests, standard proctor test , unconfined compression test and California bearing ratio tests were done on  

both virgin and reinforced soil. Reinforcement of soil was carried by inclusion of pine needles. The pine needles were varied from 0.5% to  

2.5% by weight of soil. 

  

3. RESULTS: 
3.1.1. Effect of pine needles on the California Bearing Ratio 

3.1.1.1. California Bearing Ratio Test Curve For Unreinforced Soil 

 

 
Fig 2: CBR for unreinforced soil 

CBR value = 6.35% 

Correction is required  

Corrected CBR at 2.5 = 852.00/13700 = 0.06218×100 = 6.21% 

Corrected CBR at 5.0 = 1335.22/20550 = 0.064974×100 = 6.49% 

CBR value = 6.49% 
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3.1.1.2. California Bearing Ratio Test Curve  For soil reinforced with 0.5% pine needles 

 

 
Fig 3: CBR at 0.5% pine needles 

 

Correction is not required  

CBR value = 7.46% 

 

 

 

 

 

3.1.1.3. California Bearing Ratio Test Curve For soil reinforced with 1.0%pine needles 

  

 
 

Figure 4 : california bearing ratio at 1.0% pine needles. 

Correction is not required  

CBR value = 8.29% 

 

3.1.1.4. California Bearing Ratio Test Curve For soil reinforced with 1.5%pine needles 

 

 
Figure 5 : california bearing ratio at 1.5% pine needles. 

 

 

Correction is not required  

CBR value = 11.19% 
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3.1.1.5. California Bearing Ratio Test Curve For soil reinforced with 2.0%pine needles 

 

 

 

 
Figure 6 : California bearing ratio at 2.0% pine needles. 

Correction is required  

CBR value = 12.99% 

 

3.1.1.6. California Bearing Ratio Test Curve For soil reinforced with 2.5% pine needles 

 

 

 

.  

Figure 7 : California bearing ratio at 2.5% pine needles. 

 

Correction is not required  

CBR value = 12.64% 

3.1.2. Effect of pine needles on Unconfined compression test 

 

 

3.1.2.1. Unconfined compression test curve of unreinforced soil   

 

 
Figure 8: variation of axial stress and axial strain for unreinforced soil 

 

Unconfined compressive strength qu = 10.69N/cm2 

So, shear strength = S = Cu = qu ÷ 2 = 10.69/2 = 5.34N/cm2
 

Where Cu = cohesion. 
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3.1.2.2. Unconfined Compression Test curve of soil reinforced with 0.5% pine needles 

 

 

 
  Figure 9: variation of axial stress and axial strain  with 0.5% pine needles 

 

 

Unconfined compressive strength qu = 14.58N/cm2
 

So, shear strength = S = Cu = qu ÷ 2 = 14.58/2 = 7.27N/cm2
 

Where Cu = cohesion 

 

3.1.2.3. Unconfined Compression Test curve of soil reinforced with 1% pine needles 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: variation of axial stress and axial strain  with 1% pine needles 

 

Unconfined compressive strength qu = 16.70N/cm2  

So, shear strength = S = Cu = qu ÷ 2 = 16.70/2 = 8.35N/cm2
 

Where Cu = cohesion 

 

 

 
3.1.2.4. Unconfined Compression Test Curve of soil reinforced with 1.5% pine needles 

 

 
                Figure 11: variation of axial stress and axial strain  with 1.5% pine needles 
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Unconfined compressive strength qu = 20.42 N/cm2 

So, shear strength = S = Cu = qu ÷ 2 = 20.42/2 = 10.21N/cm2
 

Where Cu = cohesion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2.5. Unconfined Compression Test Curve of soil reinforced with 1.5% pine needles 

 

 
Fig 12: variation of axial stress and axial strain  with 2% pine needles 

 

Unconfined compressive strength qu = 24.83N/cm2 

So, shear strength = S = Cu = qu ÷ 2 = 24.83/2 = 12.41N/cm2
 

Where Cu = cohesion. 

 
3.1.2.6. Unconfined Compression Test Curve of soil reinforced with 2.5% pine needles 

 

 
Fig 13: variation of axial stress and axial strain  with 2.5% pine needles 

 

Unconfined compressive strength qu = 26.93N/cm2 

So, shear strength = S = Cu = qu ÷ 2 = 26.93/2 = 13.46N/cm2
 

Where Cu = cohesion 
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3.2. Variation of California bearing ratio  (CBR) with percentage of pine needles : 

 

Table 2: variation of CBR with pine needles 

S.no % of pine  CBR 

  needles   

1 0 6.49 

2 0.5 7.46 

3 1 8.29 

4 1.5 11.19 

5 2 12.99 

6 2.5 12.64 

 
Fig 14: variation of CBR with pine needles 

 

3.3. Variation of Unconfined compressive strength with percentage of pine needles   

 

          Table 3: variation of  UCT with pine needles 

 

S.no % of pine  Shear strength 

  Needles (N/cm2) 

1 0 5.38 

2 0.5 7.29 

3 1 8.35 

4 1.5 10.21 

5 2 12.41 

6 2.5 13.465 

 

 
Figure 15: variation of unconfined compressive strength with pine needles 

 

4. CONCLUSION 

This study has shown that the improvements in the properties of the clay soil obtained herein are quite significant with the 

addition of pine needles as reinforcement. Very good results were obtained in terms of the clay soil properties when the 

percentage quantity of the pine needles was varied between 0.5% and 2.5% by mass of the soil. 

Furthermore, it can be concluded based on the results obtained that pine needles can be effectively used as a soil stabilizer since it 

was able to produce considerable improvements in various soil properties. Such improvements included an achievement of the 
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CBR values of 12.64% obtained at 2.5% pine needles for unsoaked samples as against 6.35%  for the control sample. Likewise, 

the shear strength of soil was originally recorded as 5.34N/cm2 increased to 13.465 N/cm2.  
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