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Abstract— Soft soils are problematic soils, which are extensively 

researched to improve their geotechnical properties. This study 

focused on shredded waste tyres mixed with soft soils to improve 

their strength and drainage properties. Series of tests were 

carried out on peat and clay soil mixed with 0%, 10%, 20% and 

30% of shredded waste tyre. The compaction results for both 

soils showed that the dry density reduced with increase of 

percentage of shredded tyre waste. The optimum moisture 

content for peat and clay soil increased by adding waste tyre. The 

shear strength parameter for peat and clay soil shows a general 

improvement with addition of shredded tyre. The California 

bearing ratio (CBR) results show an increased in value for both 

soils with the addition of shredded tyre waste. However, the 

coefficient of permeability increases with an increase of tyre 

waste percentage. Thus, the drainage characteristic of the soil has 

been improved by varying the mixing percentage of shredded 

waste tyre. 
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I.  INTRODUCTION  

In civil engineering, there are many problems associated 
with construction on soft soils especially peat. Engineers 
considered peat as an extreme form of soft soil and very 
problematic. These results in the tendency to either avoid 
construction and buildings on the soils, or simply removing 
and replacing them. There are about three million hectares of 
peat and organic soil in Malaysia representing about 8% of the 
total landmass. Peat is usually found as an extremely loose, 
wet, unconsolidated surface deposit which forms as an integral 
part of a wetland system, therefore; access to the peat deposit 
is usually very difficult as the water table exists at, near or 
above the ground surface [1].  

Soft clays are soils with large fraction of fine particles 
such as silts and clay which have high moisture content. It also 
soil shows low yield stress, low strength and high 
compressibility low permeability and consequently low 
quality for construction [2]. Both of soils can be considered as 
a problematic soil to the geotechnical engineer’s and causes 
problems at any construction such as subgrade problems due 
to undesirable engineering properties [3]. Many researches 
were carried out to treat soft soils using methods like chemical 
treatment, geosynthetic reinforcement and remove and replace 
with other fill material [4]. However, these methods are 
expensive and inefficient [5].  

In recent decades, the growth of automobile industry and 
the used of cars as the main means of transport have increased 

greatly the number of tyres produced. In Malaysia, it has been 
considered as commercial waste and there are no specific 
regulations on its management. From previous study in 
Malaysia, it has been estimated that the total waste tyre 
produced annually is 8.2 million or 57, 391 tonnes [6]. Since 
the world is moving towards green environment and 
technology, the used of waste materials such as agricultural 
[7] and industrial [8] in order to stabilized or reinforced 
different type of soils are on the forefront.  

For this study, shredded tyre waste is being considered to 
improve soft soils for subgrade purposes. Waste tyres were 
chosen to improve grounds with soft soils due to its resistance 
to bio-degradation and its chemical stability. There are 
enormous research have been carried out to stabilize soft soil 
by using shredded waste tyre [8-11]. The applications of the 
rubber waste have been enormously used in engineering area 
especially as an additive to improve subgrade for the road 
construction (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

Figure 1. The usage of shredded waste tyre in subgrade improvement. 

Shredded waste tyre also can be used as a mixture in atop 
soil and a turf product (Fig. 2). Soil amendment techniques 
utilized the solid rubber particles to be mixed with soil to 
improve porosity and reduce compaction of soil under turf 
such as football fields, golf courses, pathways etc. [12]. 
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Figure 2. The usage of shredded rubber (a) in a top soil layer and (b) as a 
turf product [12] 

 

The aim of this paper is to study the effect of mixing waste 
tyre with problematic soils which are clay and peat soils for the 
purpose of subgrade work. To fulfil the aim, several objectives 
have been outlined which are: i) to investigate the physical 
properties of two different type of problematic soils (clay and 
peat) and ii) to investigate the mechanical properties of those 
soil in terms of shear, hydraulic conductivity, and California 
Bearing Ratio (CBR) varied at different percentages shredded 
waste tyre. 

II. MATERIALS AND METHODS 

A. Materials 

The peat and clay soil used in this study were obtained 
from specific site in Selangor state of Malaysia. The peat soil 
was collected within the perimeter of Kuala Lumpur 
International Airport (KLIA) located at Kuala Langat South 
forest Reserved area, Selangor, Malaysia (Fig. 3).  

 

Figure 3. The location of peat soil collected for the study. 

 
The clay soil was collected at Sri Serdang area located 

around the Engineering Faculty, Universiti Putra Malaysia, 
Selangor, Malaysia (Fig. 4). 

 

 

 

 
Figure 4. The location of clay soil collected for the study. 

 
The rubber tyre was shredded to a size of 1 to 5mm and do 

not contain any steel wire or nylon fibres (Fig. 5). 

 
 

Figure 5. Shredded waste tyre materials 

B. Methods 

The shredded tyre was mixed with the soil samples 
collected. Soil sample with 0%, 10%, 20% and 30% of 
shredded waste tyre was thoroughly mixed before testing 
process (Fig. 6). 

 
(a) 

 
(b) 

Figure 6. Samples of (a) Peat-shredded tyre mixture; (b) Clay-shredded 
tyre mixture. 
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Laboratory tests were conducted to determine the index 
properties of the clay and peat soil in its natural state and with 
shredded waste tyre mixture in accordance with British 
Standard [13]. The mechanical properties tests carried out 
include shear strength, hydraulic conductivity and California 
Bearing Ratio (CBR) test based on the British Standard [13].  

III. RESULTS AND DISCUSSION 

A. Physical Properties 

1) Waste Tyre Characteristics 
The physical properties of shredded tyres showed the 

thickness in the range of 1 to 5mm and do not contain any 
steel wire or nylon fibres. The specific gravity values of the 
shredded tyres fall within a range of 0.90 to 1.12. 

2) Soils Basic Characteristics 

a) Particle Size Distribution 

The particle size distribution of soil is shown in Fig. 7 for 

peat soil and Fig. 8 for clay soil. Summary of grain size group 

is tabulated in Table 1 and Table 2.  

   
Figure 7. Particle size distribution curve for peat soil. 

 

TABLE 1 SUMMARY OF GRAIN SIZE DISTRIBUTION FOR PEAT SOIL. 

 
Description *Grain size 

(mm) 

Sample percentage 

retained 

Gravel > 2 42. 714 

          Sand 

Coarse 0.6 to 2 35.678 

Medium 0.2 to 6 11.055 

Fine 0.006 to 0.2 6.533 

Silt < 0.006 4.02 

*[14] 

 
Figure 8. Particle size distribution curve for clay soil. 

 

TABLE 2 SUMMARY OF GRAIN SIZE DISTRIBUTION  FOR CLAY SOIL 

Description *Grain size 

(mm) 

Sample percentage 

retained 

Gravel > 2 23.762 

Sand 

       Coarse 0.6 to 2 32.178 

       Medium 0.2 to 6 32.73 

       Fine 0.006 to 0.2 25.743 

Silt < 0.006 8.146 

 

b) Soil Properties 

The characteristic of clay and peat soil sample with 0%, 

10%, 20% and 30% is shown in Table 3 and Table 4. It is seen 

that the characteristic of selected soil changes corresponding 

to the percentage of shredded tyres used. 

TABLE 3 INDEX  PROPERTIES OF CLAY, CLAY – SHREDDED TYRE MIXTURE 

Properties Clay with shredded tyre 

0% 10% 20% 30% 

Moisture Content (%) 64.49 69.45 69.94 67.83 

Specific Gravity 2.25 2.00 1.78 1.97 

Liquid Limit (%) 60.60 65.60 67.00 64.40 

Plastic Limit (%) 52.02 52.74 55.77 53.75 

Plasticity Index (%) 8.58 12.86 11.23 10.65 

TABLE 4 INDEX  PROPERTIES OF PEAT, PEAT – SHREDDED TYRE MIXTURE 

Properties Peat with shredded tyre 

0% 10% 20% 30% 

Moisture Content (%) 116.51 137.90 170.14 193.51 

Specific Gravity 0.62 0.91 0.95 1.07 

Liquid Limit (%) 140.00 134.50 128.40 120.00 

Plastic Limit (%) 138.00 131.46 122.31 98.70 

Plasticity Index (%) 2.00 3.04 6.09 21.30 
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3) Compaction Characteristics  
Standard Proctor test was conducted on soil and soil-

shredded tyre mixtures to determine its compaction 
characteristics, namely, the optimum moisture content (OMC) 
and maximum dry density (MDD). The compaction 
characteristic for both soils at different percentages of 
shredded tyre is shown in Table 5 and 6. 

TABLE 5 OMC AND MDD OF CLAY SOIL WITH SHREDDED TYRE 

 
% of shredded tyre OMC (%) MDD (g/cc) 

0 14 1.26 

10 22 1.37 

20 20 1.04 

30 25 1.01 

 

TABLE 6 OMC AND MDD OF PEAT SOIL WITH SHREDDED WASTE TYRE 

 
% of shredded tyre OMC (%) MDD (g/cm3) 

0 38 0.69 

10 37 0.72 

20 63 0.69 

30 63.5 0.67 

 
It is seen from data tabulated in both tables, the MDD of 

soil-tyre mixtures decreases with an increase of percentage of 
shredded tyres for both soil-shredded tyre mixtures. This is 
due to the light weight nature of shredded tyres (low specific 
gravity). The value of OMC increases with the increase of 
shredded waste tyre. This is due to the higher absorption 
ability of the shredded waste tyre. 

B. Mechanical Properties 

1) Permeability 

 
Coefficient of permeability is defined as the rate of water 

flow under laminar flow conditions through a unit cross-
sectional area of porous medium under unit hydraulic gradient 
and standard temperature conditions.  

It is important to know the value when assessing the 
feasibility of using tire shreds as a drainage material. Table 7 
summarizes the hydraulic conductivity of both soils mixed 
with shredded waste tyre. 

TABLE 7 COEFFICIENT OF PERMEABILITY OF CLAY AND PEAT SOIL. 

Types of 

soil 

Shredded 

tyre (%) 

Permeability, k (m/s) 1×10-7 

1 2 3 Avg. 

Clay 0% 4.12 4.33 4.87 4.44 

10% 4.76 5.28 5.72 5.25 

20% 6.86 8.67 7.10 7.54 

30% 17.70 15.60 17.40 16.90 

Peat Soil 0% 4.12 3.81 4.87 4.27 

10% 5.42 5.28 5.03 5.24 

20% 6.86 8.67 7.10 7.54 

30% 17.70 17.70 17.40 17.60 

 
The coefficient of permeability of soil-tyre shredded 

mixtures increases significantly with an increase of percentage 
shredded tyres waste. On the other hand the coefficient of 
permeability for peat soil was slightly higher than the 
coefficient of permeability for clay. This is because the 
shredded rubber tyre has reduced the surface contact of soil, 
reducing the bond between of the soil particles, causing the 
soil to be more permeable. 

 

2) California Bearing Ratio (CBR) 

 
California Bearing Ratio (CBR) test was conducted to 

determine the CBR value of the samples and to evaluate the 
effective of soft soil samples stabilized using shredded tyre. 
Figure 9 and 10 shows the load penetration curve for both 
soils; without and with 10% shredded tyre. 

 
Figure 9. Load - penetration curve for clay soil with shredded waste tyre  

 

 
 
Figure 10. Load - penetration curve for peat soil with shredded waste tyre  

 

 
The CBR value for the soil and soil - shredded waste tyre 

were determined from the load - penetration curve and the 
vaues are shown in Table 8.  
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TABLE 8 CBR VALUES FOR SOIL, SOIL – SHREDDED WASTE TYRE. 

 
Types of soil Shredded tyre (%) CBR % 

Clay 0 17.2 

10 24.6 

Peat 0 4.5 

10 9.4 

 
It can be concluded that there was an increased in CBR 

values for both soils with the inclusion of the shredded waste 
tyre. This may be due to the fact that the compressibility of the 
rubber is greater than that of the soil. As a result, resistance to 
penetration was observed to be lower than that of pure soil, as 
observed in the CBR test results [1] 

 

3) Shear Strength 

 
The shear strength parameters of the soil samples were 

determined using direct shear box test. Both test results for of 
peat and clay soil with different amount of shredded waste are 
shown in shown in Table 8. From the results, there was an 
increased pattern in cohesion, C, values by adding shredded 
tyre waste for both soils; while on the other hand, there was a 
decreased pattern in angle of internal friction of sample added 
with shredded tyre waste. 

TABLE 9 SHEAR STRENGTH PARAMETERS  

Types of soil Shredded tyre 

(%) 

Shear Strength Parameters 

c  (kN/m) ø 0 

Clay 0% 15 17 

10% 18.5 14.5 

20% 19 12 

30% 21.3 13 

Peat  0% 6 10 

10% 7.4 8.5 

20% 8.1 7.1 

30% 9 5 

 

IV. CONCLUSION 

 
Based on the experiments carried out on soil with different 

percentages of shredded waste tyre, the following observations 
and conclusions are drawn:  

 MDD of soil-tyre mixtures decreases with an increase of 

percentage of shredded tyres for both soil-shredded tyre 

mixtures. This is due to the light weight nature of 

shredded tyres (low specific gravity). The value of OMC 

increases with the increase of shredded waste tyre. This is 

due to the higher absorption ability of the shredded waste 

tyre. 

 The coefficient of permeability of soil-tyre shredded 

mixtures increases significantly with an increase of 

percentage shredded tyres waste. The coefficient of 

permeability for peat soil was slightly higher than the 

coefficient of permeability for clay. This is because the 

shredded rubber tyre has reduced the surface contact of 

soil, reducing the cohesion of the soil, causing the soil to 

be more permeable. 

 The CBR value increased with addition of shredded tyre 

waste for both soil samples. 

 The cohesion and angle of internal friction increased and 

decreased respectively with increase in shredded tyre 

waste for both soil samples. 
 
In conclusion, the long-term durability and sustainability of 

soft soil reinforced with shredded waste tyre in different type 
of soil need a further investigation, before using them in 
practice especially for subgrade purposes. 
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