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ABSTRACT: Shear strength parameters (apparent cohesion ‘c’ and angle of shear resistance ‘φ’) of dry sand-tyre (S-T) 
and rock quarry dust-tyre (Q-T) waste mixes at different dry unit weights and shearing rates were determined using small 
direct shear tests. Locally available sand, rock quarry dust and tyre waste were used. Different S-T and Q-T mixes, in the 
range 0 to 40% by the weight of tyre waste, were tested. The gradation of sand and rock quarry dust was similar. The ‘c’ 
value of the mixes was found to increase upto 40% of tyre content whereas, the ‘φ’ value increased upto 30% of tyre 
content and it decreased at 40% of tyre content. At a particular tyre content, the values of shear strength parameters were 
found to increase with increase in dry unit weight and rate of shearing for both S-T and Q-T mixes. The optimum tyre 
content for both the mixes was found to be 30%. The shear strength of Q-T mixes was found to be more than that of S-T 
mixes. The study highlights that sand can be replaced with rock quarry dust of similar gradation in the mix to increase its 
shear strength. 
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1  INTRODUCTION 
 
Waste tyres are being generated at an increasing rate in 
developing countries like India due to fast growth of 
the number of vehicles plying on their roads and rock 
quarry dust, a byproduct of crushing process during 
quarrying, is also accumulated in huge amount. These 
wastes cause adverse environmental impact and health 
hazards. Further, the waste disposal is another problem. 
Geotechnical characterization and interaction 
behaviour of these wastes with soil can lead to a 
viable/beneficial solution for their large scale 
utilization and disposal.  
 
The angle of internal friction of tyre chips ranges from 
19° to 25° and the apparent cohesion ranges from 8 kPa 
to 11 kPa (Humphrey et al. 1993). The angle of internal 
friction of the sand-tyre waste mixes is in the range 
19°-67° (Ghazavi and Sakhi 2005; Bali Reddy et al. 
2016). The angle of internal friction increases with 
increase in tyre content and the optimum tyre content is 
in the range of 30-40% by weight (Ghazavi and Sakhi 
2005; Bali Reddy et al. 2016). Mixtures of sand and 
shredded waste tyres are useful as soil reinforcement in 
highway fills, leachate collection systems on steep 
slopes, and other applications where strong and 
lightweight fill is needed (Bali Reddy et al. 2016). But 

sand is becoming scarce these days therefore, an 
alternative geo-material that can serve the same 
function as sand has to be investigated. Quarry dust 
which is obtained as solid wastes during crushing of 
stones to obtain aggregates can be used as a substitute 
for sand to improve the geotechnical properties of soil 
(Sridharan et al. 2006). Quarry dust exhibits high shear 
strength with friction angle as high as 44o, which is 
highly beneficial for its use as a geotechnical material 
(Sridharan et al. 2006). There are a number of 
geotechnical applications for quarry dust like as in 
embankment backfills and as sub-base in large 
quantities. It has good permeability and the variation in 
water content does not seriously affect its desirable 
properties. Quarry dusts are considered as one of the 
well accepted as well as cost effective ground 
improvement material for weak soil deposits 
(Sridharan et al. 2006). They provide the primary 
function of reinforcement and drainage and thus 
improve the strength and deformation characteristics of 
weaker soil deposits. Hence, the objective of this study 
is to investigate the influence of tyre waste addition on 
the shear behaviour of sand and rock quarry dust to 
evaluate whether rock quarry dust having similar grain 
size distribution as sand can replace it in the sand-tyre 
mix. There are different factors which influence the 
shear behaviour of soil, therefore, the study also 
investigates the influence of dry unit weight and 
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shearing rate on the shear behaviour of sand-tyre and 
quarry dust-tyre mixes. It must be mentioned that there 
are contradictory opinions regarding the effect of rate 
of shearing on the shear behaviour of cohesionless 
soils. Moreover, it has been found from the literature 
that the tyre wastes used in the investigations by 
different researchers are in the form of tyre chips of 
some standard sizes. But, the tyre dust has been used in 
this work which is found to be limited in the literature. 
The study indicates that the ‘c’ value of the mixes 
increases upto 40% of tyre content whereas, the ‘φ’ 
value increases upto 30% of tyre content and it 
decreases at 40% of tyre content. The shear strength 
parameters of S-T and Q-T mixes were found to be 
influenced by the dry unit weight and shearing rate. 
The optimum tyre content for both the mixes was 
found to be same. But, at any tyre content, the shear 
strength of Q-T mix was found to be more than that of 
S-T mix which indicates that sand can be replaced with 
rock quarry dust of similar gradation. 
 
2  EXPERIMENTAL INVESTIGATIONS 
 
Locally available samples of sand, rock quarry dust and 
tyre waste are used in this study. Tyre waste used is the 
tyre dust. The tyre wastes were grinded from truck 
tyres. The samples were characterized for specific 
gravity, grain size distribution by following the 
guidelines reported in the literature (IS 1980; 1985). 
The gradation of rock quarry dust was made similar to 
sand. The grain size distribution curves of the samples 
are shown in the Figure 1. The sand is classified as SP 
as per the Unified Soil Classification System (USCS) 
classification (IS 1970). The specific gravity of sand 
and rock quarry dust is 2.62 and 2.76 respectively.  
 

0.01 0.1 1 10

0

20

40

60

80

100

Fi
ne

r p
as

si
ng

 (%
)

G rain  size (m m )

 S and
 R ock quarry dust
 Tyre dust

 
 

Fig. 1   Particle size distribution of samples 
 

The tyre waste size ranges from 0.075 mm to 4.75 mm 
and the specific gravity of the tyre waste is 1.19. Based 
on the size, range, the tyre dust/tyre waste can be called 
as tyre crumbs/granulated rubber (ASTM 2008). The 
S-T and Q-T mixes were prepared manually by adding 
tyre waste to dry sand and rock quarry dust by weight 

in the range 0 to 40%. The calculated amounts were 
placed together and mixed thoroughly to form S-T and 
Q-T mixes. The mix ratio of tyre waste (%T) was 
evaluated by the dry weight of the tyre waste (WT) 
relative to that of the total mixed material (WT + WS) 
and (WT + WQ), where, WS is the weight of sand, WQ 
is the weight of rock quarry dust and WT is the weight 
of tyre waste, as given in the following Equation (1). 
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Direct shear test of the samples was performed as per 
IS (1986). The size of the shear box is 6 cm x 6 cm x 3 
cm. The samples were tested at three different dry unit 
weights namely 16, 18.4 and 20 kN/m3 at a shearing 
rate of 1.25 mm/min. Tests were also performed at two 
other shearing rates namely 0.05 and 0.25 mm/min at 
two different dry unit weights of 16 kN/m3 and 20 
kN/m3. Direct shear test was carried out at three normal 
stresses i.e. 50, 100 and 150 kPa.  
 
3  RESULTS AND DISCUSSION 
 
Based on the direct shear test results, the shear 
envelopes of different samples were plotted and the 
shear strength parameters (‘c’ and ‘φ’) were 
determined. The variation of ‘c’ and ‘φ’ with tyre 
content for S-T and Q-T mixes for different dry unit 
weights and shearing rate 1.25 mm is shown in the 
Figures 2 and 3 respectively. From the Figures 2 and 3, 
it can be said that the ‘φ’ value increases with increase 
in tyre content upto 30% of tyre content and decreases 
at 40% of tyre content for both S-T and Q-T mixes. At 
a particular tyre content, the φ value increases with 
increase in dry unit weight for both the mixes. The ‘φ’ 
value ranges from 31 to 43° for S-T mixes and 35 to 
44° for Q-T mixes. The apparent cohesion ‘c’ increases 
with increase in tyre content upto 40% for all the dry 
unit weights of S-T and Q-T mixes. The apparent 
cohesion intercepts ranges from 3.2 to 13.9 kPa for S-T 
mixes and 5.8 to 11.9 kPa for Q-T mixes. The increase 
in the shear strength parameters with tyre content is 
due to the interaction between T-T, S-S, Q-Q, S-T and 
Q-T. From the values of ‘φ’ and ‘c’ obtained, it was 
found that the change in φ value has more influence 
than the change in apparent cohesion on shear strength 
of the mixes. The shear strength was found to be 
highest at 30% of tyre content for both S-T and Q-T 
mixes. Therefore, the optimum tyre content of the 
mixes can be considered as 30%. This finding is 
similar to that were observed by Bali Reddy et al. 
(2016) for sand-tyre chips mixes. Beyond 30% of tyre 
content, the shear strength decreases noticeably with 
tyre content due to increase of tyre waste contact area. 
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The shear strength of Q-T mixes was found to be more 
than that of the S-T mixes. Figures 4 and 5 show the 
shear strength parameters versus tyre content plots of 
S-T and Q-T mixes respectively at different shearing 
rates and constant dry unit weight of 20 kN/m3.  
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Fig. 2   Shear strength parameters vs. tyre content plots 
for S-T mixes at different dry unit weights and 
shearing rate of 1.25 mm/min 
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Fig. 3   Shear strength parameters vs. tyre content plots 

for Q-T mixes at different dry unit weights and 
shearing rate of 1.25 mm/min 

 
The Figures 4 and 5 highlight that the φ value increases 
upto 30% tyre content at different shearing rates and 
dry unit weights for both the S-T and Q-T mixes and 
decrease at 40% tyre content. The angle of internal 
friction of the S-T mixes ranges from 19° to 43° and 
30° to 44° for Q-T mixes. 

0 1 0 2 0 3 0 4 0
2 8

3 0

3 2

3 4

3 6

3 8

4 0

4 2

4 4

0 1 0 2 0 3 0 4 0

0

2

4

6

8

1 0

1 2

1 4

 

 

A
ng

le
 o

f i
nt

er
na

l f
ri

ct
io

n,
 φφ φφ

 (d
eg

)

T y r e  c o n t e n t  ( % )

       S h e a r i n g  r a t e  ( m m / m i n )
 0 . 0 5    0 . 2 5    1 . 2 5

 

 

C
oh

es
io

n,
 c

 (k
N

/m
2 )

 
 
Fig. 4   Shear strength parameters vs. tyre content plots 

for S-T mixes at dry unit weight 20 kN/m3 and 
different shearing rates 
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Fig. 5   Shear strength parameters vs. tyre content plots 

for Q-T mixes at dry unit weight 20 kN/m3 and 
different shearing rates 

 
The apparent cohesion intercept for S-T mixes ranges 
from 1.3 to 13.9 kPa and 2 to 11.9 kPa for Q-T mixes. 
The apparent cohesion intercept was found to increase 
upto 40 % for both the mixes. Similar results were also 
observed in case of the mixes when shear tests were 
performed at three different strain rates keeping dry 
unit weight as 16 kN/m3. The shear parameters for 
these states are shown in the Tables 1 and 2 for S-T 
and Q-T mixes respectively. The optimum tyre content 
is found to be 30% at different shearing rates and 
constant dry unit weight for both S-T and Q-T mixes. 
The shear strength parameters of Q-T mixes are greater 
than S-T mixes at different shearing rates. 
 
Apparent cohesion in the S-T and Q-T mixes may be 
attributed to the inter-locking effect due to the 
penetration of S/Q quarry dust grains into tyre waste. 
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This inter-locking effect becomes more significant with 
the increase in tyre content in the mixes, resulting in 
higher apparent cohesion. 
 
Table 1 Shear Properties of Different S-T Mix Proportions 

at Dry Unit Weight of 16 kN/m3  
 

Shearing rate (mm/min) 
0.05 0.25 1.25 Mix 

c 
(kPa) 

φφφφ 
 

c 
(kPa) 

φφφφ 
 

c 
(kPa) 

φφφφ 
 

100:0 0.0 20o 0.0 25o 0.0 31o 
90:10 1.5 25o 1.9 31o 10.0 35o 
80:20 3.3 26o 3.9 34o 11.2 35o 
70:30 6.1 27o 5.3 36o 11.8 37o 
60:40 7.0 24o 6.0 32o 13.9 33o 

 
Table 2 Shear Properties of Different Q-T Mix 

Proportions at Dry Unit Weight of 16 kN/m3 
 

Shearing rate (mm/min) 
0.05 0.25 1.25 

Mix 

c 
(kPa) 

φφφφ 
 

c 
(kPa) 

φφφφ 
 

c 
(kPa) 

φφφφ 
 

100:0 0.0 30o 0.0 33o 0.0 35o 
90:10 2.2 31o 2.0 34o 6.7 36o 
80:20 2.4 35o 4.2 35o 8.2 36o 
70:30 3.3 36o 6.2 36o 11.1 37o 
60:40 3.6 33o 6.4 33o 11.9 35o 

 
At lower tyre content, the increase in φ value in the 
mixes can be attributed to the friction mobilized 
between S/Q–T, T–T, and S/Q–S/Q due to slight 
penetration of S/Q grains in to tyre waste when shear 
stresses are applied. At higher tyre content, when shear 
stresses are applied, it is unlikely that S/Q grains 
penetrate into tyre waste and the sample tends to dilate. 
This dilation decreases the friction between S/Q–T and 
T–T which leads to a decrease in the friction angle. 
 
4  CONCLUSIONS 
 
The present study investigates the shear strength 
behaviour of dry S-T and Q-T mixes at different dry 
unit weights and shearing rates. Following conclusions 
are derived from the study. 
1. At constant shearing rate, the angle of internal 
friction of the S-T and Q-T mixes increases with 
increase in dry unit weight upto 30% tyre content and 
decreases further increase in tyre content. Apparent 
cohesion intercepts are found to increase upto 40% tyre 
content for both S-T and Q-T mixes. The ‘c’ and ‘φ’ 
values of Q-T mixes are found to be more than that of 
S-T mixes. 
2. At constant dry weight, the angle of internal friction 
of S-T and Q-T mixes increases with increase in 

shearing rate upto 30% tyre content and decrease 
beyond this. Apparent cohesion intercepts are found to 
increase 40% of tyre content. The values of the shear 
strength parameters of Q-T mixes are found to be more 
than that of S-T mixes. 
3. The optimum tyre content is found to be 30% for 
both S-T and Q-T mixes at different dry unit weights 
and shearing rates and therefore, the optimum mixing 
ratio is 70:30 (S:T or Q:T).  
4. For all the three dry unit weights and shearing rates, 
the shear strength of Q-T mixes is found to be more 
than that of S-T mix. Therefore, sand can be replaced 
by rock quarry dust of similar gradations to get more 
shear strength for the S-T mix. 
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