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ABSTRACT 
A laboratory triaxial testing program was performed to study the effect of tyre buffings inclusion 
on the shear strength of sand-fly ash mixes, with the aim of gainful utilization of two waste 
materials (fly ash and scrap tyres) together with a sandy soil in geotechnical applications. Scrap 
car tyres, a class F fly ash, and a fine sand were used. Initially, the sand was mixed with 20%, 
35% and 50% of fly ash by soil weight for specimen preparation. Tyre buffings of 5% and 10% 
contents by soil weight were then added to the sand-fly ash mixes. Consolidated drained triaxial 
compression tests were conducted on specimens of all mixes compacted at their corresponding 
maximum dry density. Test results indicate that the addition of fly ash to the sand causes an 
increase in peak deviatoric stress. The addition of tyre buffing to the sand-fly ash mixes causes 
further reduction of peak deviatoric stress but is still greater than that of the sand alone. It is also 
observed that the inclusion of tyre buffing imparts ductility to the sand-fly ash mixes.   
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INTRODUCTION 
Coal-based thermal power plants produce a 
huge quantity of fly ash as a combustion by-
product. Fly ash is causing environmental 
pollution, creating health hazards and requires 
large areas of precious land for disposal. On 
the other hand the volume of scrap tyres is 
increasing every year throughout the world 
which cause a major environmental problem as 
per as their disposal is concerned.The stockpile 
of used tyres creates breeding ground for 
mosquitoes and fire hazards as well. Due to 
increasing concern for environmental 
protection and growing awareness of the ill 
effects of pollution, disposal of ash and scrap 
tyres has become an urgent and challenging 
task. The need of the day is to have practical 
engineering applications which involve the 
safe disposal of such waste materials. 
Fly ashes have been shown to have 
advantageous properties such as low specific 
gravity, lower compressibility, higher rate of 
consolidation, high strength, high California 
bearing ratio, high volume stability, water 
insensitiveness to compaction, and pozzolanic 
reactivity.1-2 In the same way, scrap tyres have 
also many useful properties which include 

light weight, high vibration absorption 
capacity, high elastic compressibility and high 
hydraulic conductivity etc.3-5 Research on 
scrap tyre derived geomaterials started in 1990 
and since then several studies have been 
conducted on the use of these materials.5 Many 
researchers have investigated the potential use 
of randomly distributed scrap tyre derived 
material with various soil types by determining 
geotechnical properties.5-14 However, studies 
related to scrap tyre derived materials in 
combination with fly ash and sand is scarce.  

AIMS AND OBJECTIVES 
To evaluate the strength behaviour of sand 
modified by the addition of a class F fly ash 
and tyre buffings.  

MATERIAL AND METHODS 
The soil used in the present study is sand, which 
was sampled from the nearby bank of the 
Brahmaputra river running through Guwahati 
city. This soil is classified as poorly graded fine 
sand according to the Indian Soil Classification 
System. Fly ash of class F type was procured 
from the Farakka thermal power plant located in 
the adjoining state of West Bengal. The CaO 
content was only 0.9%. The specific gravity 
values of the sand, fly ash and tyre buffings were  *Author for correspondence 
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2.71, 2.13 and 1.05 respectively. Tyre buffings 
used in this study was derived from scrap car 
tyres, and have an elongated fibrous shape 
with variable length as shown in Fig. 1. They 
were obtained from a commercial scrap tyre 
supplier. Grading of the tyre buffings was 
necessary in order to reduce the size effect. 
Tyre buffings passing through 4.75 mm and 

retained on 2 mm sieve have been used for the 
test programme. Since sieving does not convey 
much information on the actual dimensions, 
the sizes of the tyre buffings were controlled 
by visual observation. The maximum length of 
particles was restricted to 20 mm. The 
gradation curves of the sand, fly ash and tyre 
buffings are depicted in Fig. 2.  

 
Fig. 1 : Tyre buffings 

 
Fig. 2 : Gradation curves of sand, fly ash and tyre buffing 

The designations used for the materials are : 
BS for Brahmaputra sand, FA for fly ash and 
TB for tyre buffing. For the mixes, the 
designations are: BS+FA for sand-fly ash mix, 
BS+FA+TB for sand-fly ash-tyre buffing mix. 
In the mix designation, the amount of soil 
replaced with fly ash and tyre buffing by 
weight is indicated by the numeral prefixed 
before the symbol FA and TB respectively. 
Thus, BS+20FA+5TB designation is for a mix 

of sand with 20% fly ash content and 5% tyre 
buffing content. 
Initially, standard Proctor tests were conducted 
as per IS:2720-Part VII15 to obtain the 
Maximum Dry Density (MDD) and Optimum 
Moisture Content (OMC) of the mixes. For 
each mix, the required dry amounts of soil, fly 
ash and tyre buffing were first mixed together 
in a dry state and then water was added before 
further mixing to give a range of moisture 
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contents. All mixing was done by hand and 
proper care was taken to prepare homogeneous 
mixes.  
For triaxial tests, unsaturated specimens of the 
mixes were prepared at the respective 
maximum dry density. A mould of 38 mm 
inner diameter and 76 mm length, with 
detachable collars at both ends, was used for 
this purpose. To ensure uniform compaction, 
the entire quantity of the mix was placed inside 
the mould-collars assembly and compressed 
alternately from the two ends until the 
specimen reached the dimensions of the 
mould. The specimens were then kept in 
desiccators in 100% relative humidity and at 
room temperature for different curing periods. 
After the specified curing period, consolidated 
drained triaxial tests were conducted on the 
specimens in accordance with Indian Standards 
in order to determine the shear strength 
parameters, total cohesion (c) and total angle 
of shearing resistance (П). Confining stresses 
(σ3) of 100, 200 and 300 kPa and a shearing 
deformation rate of 0.24 mm/min were 

adopted. The stress condition used in this study 
to define failure was established in accordance 
with IS:2720-Part XII.16 Failure was recorded 
corresponding to the maximum deviatoric 
stress attained or the deviatoric stress at 20% 
axial strain. 

RESULTS AND DISCUSSION 
Compaction characteristics 
Fig. 3 shows the compaction results of various 
mixes. It is seen that as the fly ash content or 
tyre buffing content increases in the mixes, the 
Maximum Dry Density (MDD) decreases. This 
kind of behaviour is attributed to the lower 
specific gravity of the fly ash particles and 
more resistance to particle movement with 
increasing fly ash content. As the tyre buffings 
are lighter, further drop in the MDD is 
observed on addition to the sand-fly ash mixes. 
Table 1 summarizes the MDD values of all 
mixes. It is also seen that addition of 10% tyre 
buffing to sand-fly ash mixes causes 
significant reduction in MDD as compared to 
mixes containing 5% tyre buffing.   

 
Fig. 3 : Variation in MDD of sand-fly ash-tyre buffing mixes 

Table 1 : MDD values of all mixes 
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Deviatoric stress-strain characteristics 
Typical deviatoric stress-strain plots 
obtained at confining pressures of 100 kPa 
and 300 kPa of various mixes are shown for 
comparison in Fig. 4 to Fig. 7. In all cases, it 
is observed that addition of fly ash to sand 
raises the peak deviatoric stress of the mixes 
at 100 kPa confining pressure, but reduces 
the peak deviatoric stress at 300 kPa 
confining pressure when compared to the 
peak deviatoric stress of pure sand. At the 
lower confining pressure of 100 kPa, 

inclusion of tyre buffing to sand-fly ash 
mixes lowers the peak deviatoric stress but 
the magnitude is still greater than that of 
pure sand. At the higher confining pressure 
of 300 kPa, peak deviatoric stress of sand-fly 
ash-5TB mix is lower than pure sand, 
whereas that of sand-fly ash-10TB mix is 
greater than or comparable to pure sand. 
Addition of tyre buffing to sand-fly ash 
mixes imparts ductility and this is more 
evident in case of mixes containing tyre 
buffing content of 10%.  

 
Fig. 4 : Comparison of stress-strain plots of sand-20FA-5TB mixes at confining 

pressures of 100 kPa and 300 kPa 

 
Fig. 5 : Comparison of stress-strain plots of sand-35FA-5TB mixes at confining 

pressures of 100 kPa and 300 kPa 
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Fig.  6 : Comparison of stress-strain plots of sand-20FA-10TB mixes at 
confining pressures of 100 kPa and 300 kPa 

 
Fig. 7 : Comparison of stress-strain plots of sand-35FA-10TB mixes at 

confining pressures of 100 kPa and 300 kPa 

Shear strength characteristics 
Fig. 8 to Fig. 11 show the p-q [p = (σ1 + σ3)f/2, q 
= (σ1 - σ3)f/2] plots of the various mixes, where p 
and q are the stress parameters. The total stress 
strength parameters, cohesion (c) and internal 
friction angle (), computed from the p-q plots 
are summarised in Table 2. It can be noted that 
the value of  decreases with percentage 
inclusion of fly ash to sand. But addition of tyre 
buffing to each sand-fly ash mix, in general, 
raises the value of . For instance, for BS+20FA 
mix with 10% tyre buffing inclusion, the value of 
 increases from 28.4° to 30.0°. In contrast, 
cohesion increases with addition of fly ash to 
sand, but inclusion of tyre buffing to sand-fly ash 
mixes reduces the values of cohesion. 

Fig. 12 to Fig. 14 depict the effect of confining  
pressure on the shear strength of the mixes, and 
the values are tabulated in Table 3. It is seen 
that on addition of fly ash to sand, shear 
strength increases at low confining pressure of 
100 kPa. The contribution of tyre buffing 
inclusion to composite shear strength is more 
significant at low confining pressure. As 
compared to sand alone, sand-fly ash-tyre 
buffing mixes show improvement in strength at 
confining pressure of 100 kPa. But a drop in 
strength occurs when compared to sand-fly ash 
mixes. This kind of behaviour resembles the 
findings of Zornberg et al.9 However at higher 
confining pressure of 300 kPa, sand-fly            
ash  mixes  with  10%  tyre  buffing  gains more  
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strength than sand-fly ash mixes. In some cases 
a contribution of tyre buffing inclusion in sand- 
fly ash mixes is also observed at higher 

confining pressure, but the composite shear 
strength is often below that obtained for sand 
alone.  

 
Fig. 8 :  p-q plots of sand-fly ash mixes 

      
Fig. 9 :  p-q plots of sand-20FA-tyre buffing mixes 

      
Fig. 10 :  p-q plots of sand-35FA-tyre buffing mixes 
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Fig. 11 :  p-q plots of sand-50FA-tyre buffing mixes 

Table 2 : Shear strength parameters of all mixes 

Fly ash 
content (%) 

Tyre buffing 
content (%) 

Cohesion, 
c (kPa) 

Internal friction 
angle,  (degree) 

0 0 14.9 35.5 

20 
0 75.5 28.4 
5 63.9 28.8 

10 68.5 30.0 

35 
 

0 73.9 29.0 
5 100.4 24.5 

10 64.8 29.9 

50 
 

0 67.6 28.4 
5 33.3 33.5 

10 46.5 30.2 
 

 
 

Fig. 12 :  Effect of confining pressure on shear strength of sand-20FA-tyre buffing mixes 
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Fig. 13 :  Effect of confining pressure on shear strength of sand-35FA-tyre buffing mixes 

 
Fig. 14 :  Effect of confining pressure on shear strength of sand-50FA-tyre buffing mixes 

Table 3 : Shear strength at failure of all mixes for varying confining pressures  
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content (%) 
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content (%) 

Shear strength (kPa) at different 
confining pressures 

100 kPa 200 kPa 300 kPa 

0 0 130.2 265.3 353.2 
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0 190.2 274.5 341.4 
5 176.0 254.7 354.2 
10 181.0 275.6 392.5 
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0 204.8 262.3 343.6 
5 201.5 287.5 334.8 
10 175.7 277.1 373.6 

50 
0 194.0 240.9 323.6 
5 162.2 233.6 388.8 
10 165.5 231.3 335.4 
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ash particles and more resistance to particle 
movement with increasing fly ash content. As the 
tyre buffings are lighter, further drop in the 
maximum dry density is observed on addition of 
tyre buffing to the sand-fly ash mixes. The 
contribution of tyre buffing inclusion to 
composite shear strength is more significant at 
low confining pressure. As compared to sand 
alone, sand-fly ash-tyre buffing mixes show 
improvement in strength at confining pressure of 
100 kPa. But a drop in strength occurs when 
compared to sand-fly ash mixes. However at 
higher confining pressure of 300 kPa, sand-fly 
ash mixes with 10% tyre buffing gains more 
strength than sand-fly ash mixes. Although a 
contribution of tyre buffing inclusion in sand-fly 
ash mixes is also observed at higher confining 
pressure, the composite shear strength is often 
below that obtained for sand alone. Therefore, 
earth structures under comparatively low 
confining pressures can particularly benefit from 
addition of tyre buffings. 
The addition of fly ash to sand reduces the 
magnitude of internal friction angle. However, 
addition of tyre buffing increases the internal 
friction angle of soil mixes. The magnitude of 
cohesion decreases as the content of fly ash in 
sand-fly ash mixes increases. Further reduction 
in cohesion is seen when tyre buffing is added to 
the mixes. 
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