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ABSTRACT 
Utilizing waste tyre materials as fill material in geotechnical engineering applications will 
considerably reduce their potential impact on the environment. An experimental study was 
conducted to determine the optimum mix proportion of tyre shreds when mixed with a sandy soil 
for embankment applications. From direct shear tests, sand-tyre shred mixes show an increase in 
shear strength up to 30% and then reduces. Shear strength parameters from the test results were 
used in the slope stability analysis of a proposed embankment constructed with the reinforced sand. 
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INTRODUCTION 

Increase in growth of waste tyres constitutes a 
large volume of solid waste. In India, 
globalization of the economy and the 
subsequent emphasis on infrastructure 
development have led to an increase in the 
number of vehicles on the roads, which in turn 
has generated more used and worn-out tyres. 
In the United States, more than 250 million 
waste tyres are stockpiled each year1 and 
Canada alone generates over 28 million scrap 
car tyres per year.2 In Japan, an annual 
cumulative growth rate of 10% is expected for 
waste tyres.3  Landfilling is one easy option of 
tyre disposal though it is already banned in 
several countries. Although the dumping of 
tyres does not pollute the environment by any 
emission, the enormous consumption of space 
when stored, the danger of ignition when piled 
up in heaps and the prospect of breeding 
ground for insects turn them into an 
environmental problem in many countries. 
From the above, it is evident that scrap tyre 
disposal problem is of great concern in both the 
developing and developed countries. Scrap tyres 
should be recycled as a raw material. 
Considerable quantity of waste tyres can be 
beneficially used in geotechnical applications.4 
As the waste tyres do not decompose, the use of 
pure  tyre   shreds   is   susceptible to fire hazards.  

Soil-tyre shred mixes can be considered for 
geotechnical engineering applications that 
include lightweight fill in embankments5, in 
retaining wall backfill and in drainage layers. 
Tyre shreds of size ranging from 12.5 to 25 mm 
mixed with soil have the potential to be used in 
such applications.6  For proper utilization, 
laboratory testing is required followed by field 
test demonstration that includes construction and 
monitoring of performance.  

AIMS AND OBJECTIVES 
By keeping in view of the above, the purpose 
of the present study is to use waste tyre shreds 
for reinforcing a locally available sandy soil 
and then obtain shear strength parameters of 
various mix proportions for use as 
embankment fill material. The slope stability 
of a proposed embankment using the various 
mixes is also analyzed.    

MATERIAL  AND METHODS 
Experimental study 
Locally available sand was used in the 
experimental study. The sand was 
characterized by means of laboratory tests as 
per the provisions of Indian Standard codes. 
The grain size distribution curve is shown in 
Fig. 1. The soil can be designated as poorly 
graded sand (SP) with a uniformity 
coefficient of 1.47 and coefficient of 
gradation of 0.89. The specific gravity is *Author for correspondence 
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2.70. Waste tyres were shredded into 10 x 20 
mm size to reinforce the soil. The tyre shreds 
had thickness ranging from 5 to 7 mm. The 

specific gravity of the shreds ranged from 
1.01 to 1.19 depending on the percentage of 
nylon fibre content. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1 : Grain size distribution of sand 

The tyre shreds were uniformly mixed with the 
sand in various proportions ranging from 0% 
to 100% by weight in steps of 10%, and the 
minimum and maximum dry densities of the 
mixes were determined in accordance with IS: 
2720-Part 14.7 The shear strength behaviour of 
the mixes was investigated in a large scale 
direct shear box consisting of two halves of 
size 30x30x15 cm. In these tests, the tyre shred 
content was restricted to 50%. The mixes were 
compacted in the shear box so as to obtain the 
corresponding maximum dry density. The tests 
were carried out as per the procedure of IS: 
2720-Part 13.8 The shear rate was kept at 0.5 
mm/min under all five normal stresses of 25,  
 

50, 75, 100 and 125 kN/m2.    

RESULTS AND DISCUSSION 
Density variation of mixes 
The maximum density was obtained by 
imparting vibrations to a standard mould filled 
up with the sand-tyre shred mixes. Fig. 2 
presents the variations of dry density of the 
mixes with tyre shred content at both loose and 
dense states. It is seen that the dry density 
decreases with increasing shred content, which 
is due to the lower specific gravity of tyre 
shreds. It also shows that the difference of dry 
density at the two compaction states becomes 
negligible at shred contents above 70%.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2 :  Variation of dry density with tyre shred content at two compaction states  
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Shear strength behavior 
Fig. 3 presents the variation of shear stress-
displacement curves of the various sand-tyre 
shred mixes at a normal stress of 100 kPa. It 
can be seen that the initial stiffness or modulus 
of the reinforced sand is less than the sand 

alone at lower displacements. In contrast, the 
reinforced sand mobilizes greater shearing 
résistance at higher displacements. As an 
overall view, the shear strength of the mix is 
noted to increase up to a particular tyre shred 
content  (30%)  and  then reduces significantly.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 :  Shear stress-displacement plots of soil-tyre shred mixes 
at normal stress 100 kPa 

The failure envelopes of the soil-tyre shred 
mixes are shown in Fig. 4 and their shear 
strength parameters Ф' and c' are summarized 
in Table 1. The value of Ф' is 36.6° for the 
unreinforced sand and it increases by 4° to 6° 
due to inclusion of tyre shreds up to 30% 
content. The value of c' is 12.1 kPa for the 
sand  and it increases to 19.7 kPa at 30% shred  
 

content. At 50% tyre shred content, the 
apparent cohesion is found to be the 
maximum compared to that of the unrein-
forced sand, due to significant interlocking 
effect. Appreciable cohesion intercept is thus 
created in sand–tyre shred mixes. The 
optimum shred content for reinforcing the 
sandy soil is identified as 30%.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 :  Failure envelopes of soil-tyre shred mixes  
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Table 1 :  Shear strength parameters of reinforced sand 

Tyre shred content (%) 
Strength parameters 

c' (kPa) Ф' (°) 
0 12.1 36.6 

10 5.8 41.3 
20 7.2 42.7 
30 19.7 40.7 
40 27.0 28.5 
50 36.0 8.0 

Embankment stability analysis 
Use of tyre shreds only for embankment 
construction will not be feasible due to its 
comparatively lower shear strength. They 
can only be used after mixing with soil. A 
proposed embankment of the following 
dimensions constructed by using the above 
sand-tyre shred mixes has been considered 
for analysis : 
1. Top crest width of 3.5 m 
2. Total height of 9 m from the ground 

surface 
3. Side slope of 1H:1V on both sides 
4. Berm of 1.5 m width at mid-height on 

both sides 
The behaviour of embankments under static 
loading can be predicted by using shear 
strength and deformation parameters 
obtained from laboratory tests on the mixes. 
By keeping this consideration, embankment 
slope stability analyses were carried out with 
SLOPE/W software.9 This software uses the 
limit equilibrium theory and assumes plane 
strain conditions. Simplified Bishop, 
Simplified Janbu and Morgenstern-Price 
methods were used to obtain the factor of 
safety. For most of the time, the 
embankment is exposed to no hydraulic head 
and remains largely unsaturated. For 
analysis, the embankment soil mass is 
divided into a number of slices and 
equilibrium equations are written and solved 
for each slice. 
Simplified Bishop method considers inter-
slice  normal forces, ignores inter-slice shear  

 
forces and satisfies overall moment 
equilibrium but not overall horizontal force 
equilibrium. Simplified Janbu method also 
considers only inter-slice normal forces 
while ignoring inter-slice shear forces and 
satisfies overall horizontal force equilibrium 
but not overall moment equilibrium. 
Morgenstern-Price method considers both 
normal and shear inter-slice forces and also 
satisfies both moment and horizontal force 
equilibrium. For any particular cross-section, 
the analysis involves trial and error and 
many trials are required to locate the critical 
slip surface having the minimum factor of 
safety. 
To evaluate the factor of safety, the shear 
strength parameters from Table 1 have been 
used. The critical slip surface of the 
reinforced embankment section obtained by 
using the Morgenstern-Price method is 
depicted in Fig. 5. The variation of critical 
factor of safety with tyre shred content by 
using the Morgenstern-Price method is 
depicted in Fig 6. It can be seen that the use 
of sand-tyre shred mixes leads to an increase 
of the critical factor of safety as the shear 
strength has increased than sand alone. This 
improvement in critical factor of safety 
ranges from 7 to 75%. The figure also shows 
that the inclusion of around 30% tyre shreds 
to the sand is found to be the optimum. The 
factors of safety determined with the 
different methods of analysis are presented 
in Table 2. 
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Fig. 5 : Critical slip surface of reinforced embankment (30% shred content) 
under static conditions determined with Morgenstern and Price method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : Variation of critical factor of safety with tyre shred content  

Table 2 :  Factors of slope safety obtained from different methods 

Tyre shred 
content (%) 

Simplified 
Bishop method 

Simplified 
Janbu 

method 

Morgenstern-
Price method 

0 1.677 1.589 1.673 
10 1.792 1.695 1.787 
20 2.190 2.070 2.185 
30 2.926 2.772 2.922 
40 2.495 2.370 2.491 
50 2.477 2.351 2.473 

1.00

1.20

1.40

1.60

1.80

2.00

2.20

2.40

2.60

2.80

3.00

0 10 20 30 40 50 60

C
ri

tic
al

  f
ac

to
r 

of
 sa

fe
ty

Shredded tyre content (%)

Base 
3
1
%

7
5
%

4
9
%

4
7
%

 
Horizontal Distance (m) 

Em
ba

nk
m

en
t E

le
va

tio
n 

(m
) 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                   Vol. 7 No. 4A, April-June 2013 

1627 
 

CONCLUSION 
The paper investigates the potential use of waste 
tyres in geotechnical engineering applications. 
Shredded waste tyres of low cost and wide-
spread availability have been mixed with a local 
sandy soil for determining its suitability as 
lightweight fill material for embankment 
construction. From the direct shear tests 
conducted on the sand with five different tyre 
shred contents, it is found that the addition of 
around 30% tyre shreds is found to be the 
optimum. From slope stability analysis of a 
proposed embankment, the sand-tyre mix is 
found to show a higher critical factor of safety 
than the sand alone. The outcome of this study is 
quite satisfactory to suggest that tyre shreds, 
particularly when mixed with sandy soil, can be 
considered as a viable fill material for 
embankment applications.   
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Environment should be put in 
the category of our national 
security. Defense of our 
resources is just as important 
as defense abroad. Otherwise 
what will remain there to 
defend? 

                Robert Redford 

 


