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Carbonate sand-tire mixture is used in this research as a soil improvement method to address the environmental 
problems regarding the accumulation of scrap tires in coastal areas. The stress-strain behaviour, internal friction angle, and 
the particle breakage of the carbonate sand-tire mixture are studied, and the results are compared to that of pure carbonate 
sand. The results revealed that the addition of the granulated tires to the carbonate sand changed its behaviour. The addition 
of granulated tires resulted in a decrease of both the friction angle and the quantity of particle breakage. 
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Introduction 
The increase of scrap tires results in the increase  

of their accumulation in the environment, which leads 
to environmental disasters1. It is estimated that about 
90 % of annually generated scrap tires recovered, in 
the USA and Europe2. However, 2.1 million tons of 
scrap tires in the USA and 5.5 million tons in Europe 
remained in stockpiles at the end of 2007 and 2010, 
respectively2.  

The scrap tires can be recycled and reused in various 
fields, one of which is civil engineering applications. 
These applications include sand-tire mixtures3,4 as a 
soil embankment for road construction1,5, retaining wall 
backfills6, drainage material in the cover system of 
landfills7, and utilization of tire shreds in construction 
materials such as concrete8. In addition, one of the 
most recent applications of tire shreds is its usage as a 
sand tire mixture for seismic isolation of structures9,10. 
Seismic isolation is of high importance in many 
regions, primarily onshore and offshore areas. In these 
regions, the structures are exposed to dynamic loadings 
such as wave, current, and earthquake loadings in their 
life cycle11, which shows the importance of seismic 
isolation for them. A large portion of the soil in 
onshore and offshore areas, especially in the Persian 
Gulf and coasts of Australia, is carbonate sand12,13. This 
type of soil has a considerable amount of calcium 
carbonate and an inherent breakable characteristic; 
also, it is composed of various-shaped grains with 
many voids on its surface, all of which lead to different 
behaviour in comparison with other types of soil such 
as the most common silica sand13–15. Carbonate 

deposits present a different geotechnical behaviour 
under cyclic and monotonic loading in comparison 
with siliceous deposits, such as tending to contractive 
behaviour and having higher friction angles16–18. 
Furthermore, owing to the problematic nature of this 
soil19, it seems critical to investigate different types of 
soil improvement methods in carbonate sands, like the 
aforementioned sand-tire mixture. 

Qeshm Island on the north coast of the Persian 
Gulf is one of the regions encountered with some 
problems relating to carbonate sand. One of the most 
recent environmental challenges of this island, 
because of its transportation characteristics, is the 
accumulation of scrap tires. Besides that, the 
increasing number of civil engineering projects in this 
developing region arises the idea of using the mixture 
of the tire-carbonate sand mixture as a soil 
improvement method. This paper aims to investigate 
the mechanical properties of the tire-carbonate sand 
mixture, such as stress-strain behaviour, friction 
angle, and particle breakage, and compare them with 
the mechanical properties of pure carbonate sand. 
 
Materials and Methods 

The carbonate sand utilized in this research  
was obtained from Qeshm Island at the Persian Gulf 
(Fig. 1). The CaCO3 content of the soil was about  
62 %, which is higher than the CaCO3 content of 
many of the carbonate sands at other regions of the 
Persian Gulf, such as Bushehr Port and Hormoz 
Island20. The scanning electron microscopy images 
(SEM) of Qeshm carbonate sand shows that it has 



150

plate-shaped
some spiral-

The tires
granulated ti
to 3.35 mill
particle size 
(QCS) and 
of QCS and 

The mixt
(GtCs) were
then their m
calculated a
and ASTM
proportions 
were 0 %, 
maximum a
proportion o

 

 
Fig. 1 — 

d grains with
shaped grains

s used in th
ire (rubber) w
limeters (Fig.
distribution o
granulated tir
GT, also, are 
tures of gra
e prepared a

minimum and
according to 

M D4253 (20
of GT by 
10 %, 20 

and minimu
of the GT in th

Fi

Location of Qes

INDIAN

h sharp corn
s (Fig. 2 A & 

his research 
with the size 
. 2 C). Fig. 
of the Qeshm
re (GT). Phy
showed in T

anulated tire-
at various G
d maximum d
the ASTM D
016a) respec

volume in 
% and 30 

um dry den
he GtCs mixtu

g. 2 — SEM ima

shm Island in the

N J. MAR. SCI.,

ners as well 
B).  
were industr
ranging from
3 illustrates 

m carbonate sa
ysical propert
able 1.  
-carbonate sa
T contents a
dry unit wei
D4254 (2016
ctively21,22. T

GtCs mixt
%. Given 

nsities and 
ure, the samp

ages of Qeshm c

e Persian Gulf 

 VOL. 49, NO. 0
 
 

as 

rial 
m 2 
the 
and 
ties 

and 
and  
ght 

6b), 
The 
ture  
the  
the 

ples 

were 
differe
70 %
shear 
D3080
and 40
 

carbonate sand (A

 

Table

Materia

Carbon
sand 
Granul
tire 

 

 

Fig. 3 —
granula

01, JANUARY 2

prepared by
ent relative 

% (relatively 
tests were c

0 (1994) at o
00 kPa23.  

A & B) and gran

 1  — material p

al Gs 

nate 2.60 

ated 1.11 

— Particle size 
ated tires 

2020 

y dry pluvia
densities of
dense). The

conducted acc
overburden p

nulated tire (C) 

properties of carb
tire 

D50 
(mm) 

Cc 

0.8 2.89 

2.6 - 

distribution of 

ation method
f 30 % (lo

e strain contr
cording to th
pressures of 

bonate sand and 

Cu emax

7.65 0.948

- 5.79

Qeshm carbona

d at two 
oose) and  
rol direct  
he ASTM 
100, 200, 

granulated 

 emin 

8 0.604 

9 4.29 

ate sand and 



SH

Results and
 
Stress-strain b

The stres
with various
100 kPa in
presented in 
GT proporti
strength. In a
shear streng
the GT con
states. As th
by the additi
to reach its
behaviour o
400 kPa in b
Fig. 5. As 
contents of 
peak shear 
dense states.

It can be 
effect of GT
samples. In 
strength dec

 
Fig. 4 — Stress
of 100 kPa 

HARIATMADA

d discussion 

behaviour 
ss-strain beha
s proportions 
n loose and 
Fig. 4. As ca
on resulted in
addition, the 

gth is reached
ntent in both 
he dilation of
ion of GT, it
s peak shear
of the sampl
both loose and
shown, the 
GT had a 
strength in 

 
 inferred fro
T addition is
other words, 
creased by 5

s-strain and volu

ARI et al.: GEOT

aviour of the
of GT at the 

relatively d
an be seen, th
n the decreas
strain at whic
d, increases 

loose and r
f the GtCs mi
t needs to rea
r strength. T
les at the no
d dense states
GtCs sample
ductile beha
both loose 

m Figures 4
s higher in r
by adding th

5-10 % in t

umetric behavio

TECHNICAL BE

e GtCs mixt
normal stress
dense states 
e increase in 
se of peak sh
ch the maxim
with increas
relatively den
ixture decrea

ach higher str
The stress-str
ormal stress 
s is presented
es with vario
aviour with 

and relativ

 and 5 that 
relatively den

he GT, the sh
the loose sta

ur of the carbon

EHAVIOUR OF
 
 

ture  
s of 

is 
the 

hear 
mum 

ing 
nse 

ases 
rain 
rain 

of  
d in 
ous 
no  

vely  

the 
nse 

hear 
ate; 

howev
dense 
relativ
grains
the G
intera
additi
 
Interna

On
of geo
soils, 
intern
equati

 a

where
stress,

The
propo
states 
additi
frictio
it  is  a

nate sand-tire mi

F THE CARBON

ver, it decrea
state. It is 

vely dense sp
s' interaction 

GTs are adde
ctions result
on and the de

al friction angle
ne of the most
otechnical str
is the interna

nal friction an
ion:

 
 

 
 maxarctan

e is the inte
, and max is th
e friction ang

ortions of GT
are presented
on of the G

on angle. This
also  lower  fo

ixture at relative

NATE SAND-G

ased by 10-2
evident that 

pecimens is lo
is higher in 

ed to the sa
ted in the 
ecrease of she

e 
t important pa
ructures, espe
al friction an
ngle calculate


n

 

ernal friction a
he maximum 

gles of the Gt
 in both loos
d in Figures 6

GT resulted 
s decrease is 

for  the  loose 

ely dense and loo

RANULATED 

20 % in the 
the void rat

ower, and the
them as well

ample. So, th
higher effec

ear strength. 

arameters in t
ecially in coh
gle. In this re
ed using the 

angle, nis th
shear stress.

tCs mixtures 
se and relativ
6 and 7. Gene
in a decreas
lower than 1
 samples   th

ose states and n

 151

relatively 
tio in the 

erefore the 
l as when 
he higher 

ct of GT 

the design 
hesionless 
egard, the 
following 

Eq. (1) 

he normal 

at various 
vely dense 
erally, the 
se of the 
10 %, and 
an  dense  

 

ormal stress 



152

 

 
Fig. 5 — Stress
of 400 kPa 
 

 
Fig. 6 — Effe
sand on friction
 

 
Fig. 7  — Effe
sand on friction

s-strain and volu

ect of addition o
n angle in a loose

fect of addition 
n angle in a relat

INDIAN

umetric behaviou

of granulated tir
e state 

of granulated ti
tively dense state

N J. MAR. SCI.,

ur of the carbon

re to the carbon

ire to the carbon
e 

 VOL. 49, NO. 0
 
 

sampl
pressu
additi
elastic
positio
increa
higher
its low
with p
 
Particl

The
lead t
breaka
tremen
carbon
the in
curvat
the o
invest
equati

 B
BBr



where
restric
distrib
initial
perpen
0.075 

nate sand-tire mi

 

nate

 

nate

01, JANUARY 2

les. Furtherm
ure resulted in
on. This phe
c behaviour
on among the
ase of the o
r interaction 
wer variation 
pure carbonat

le Breakage ind
e unique natu
to specific f
age under wo
ndous effects
nate sands, su
ncrease of th
ture20. The H
verall grain 
tigate the p
ion was used 

B
B

p

T  

e Br is the 
cted between 
bution curves
l grain size 
ndicular to 

mm (Fig. 8

ixture at relative

2020 

more, the incre
n the reductio
enomenon ca
of the granu

e soil particle
overburden s
of the soil p
in the frictio

te sand. 

dex 
ure and shape 
features, one 
orking loads1

s on the me
uch as the dec
he Mohr-Cou

Hardin method
size distribu

particle break
toward that e

breakage in
the initial an

s, and BP is 
distribution 

the horizon
8). The varia

ely dense and loo

ease of the ov
on of the effe

an be attribut
ulated tires 
es. In other w
stress resulte
particles, and 
on angle in co

of the carbon
of which i

4,19,24. This fe
chanical beh
crease of dila
ulomb shear 
d26, which is 
ution, was u
kage. The 

end: 

ndex, BT is 
nd the final g
the area bet
curve and 

ntal axis pas
ation of the 

ose states and n

verburden 
fect of GT 
ted to the 
and their 

words, the 
ed in the 

therefore 
omparison 

nate sands 
s particle 
eature has 
haviour of 
ation25 and 

envelope 
based on 

utilized to 
following 

Eq. (2) 

the area 
grain size 
tween the 

the line 
ssing the  
breakage 

ormal stress 



SH

index at diff
can be infer
the mixture 
index in bo
seems that th
particles le
concentratio
decrease of 
be seen, the 
dense specim
results of the

The parti
pressures is 
loose and r
addition of t
breakage an
quantity at 
mechanism c
major amoun
test occurs a
of the GT to
concentratio
addition of th
overburden s

 
Fig. 8 — Defin

 

 
Fig. 9 — Tire
carbonate sand 
 

HARIATMADA

ferent GT con
rred that incr

leads to th
oth loose and
he positionin

eads to the
n at the g
the particle b
breakage ind

mens. This res
e Shahnazari 
icle breakage
presented in

relatively de
the GT to the 
nd maintaine

different o
can be explai
nt of particle
at the shear s
o the carbona
n at the grain
he GT compe
stress, especia

nition of the partic

e addition effec
at the normal st

ARI et al.: GEOT

ntents is prese
reasing of the
e decrease o
d relatively 

ng of the tires
 reduction 

grain edges, 
breakage. In 

dex is higher f
sult is in acco
and Rezvani 

e at the vari
 Figures 10 a

ense states. A
mixture redu

d it at the 
overburden p
ined by two p
 breakage in 

surface. Seco
ate sand can r
n edges. In o
ensates for the
ally in the she

cle breakage on th

ct on the partic
tress of 400 kPa 

TECHNICAL BE

nted in Fig. 9
e GT content
of the breaka
dense states.

s among the s
of the str
and theref

addition, as c
for the relativ
ordance with 
(2013)20. 
ous overburd
and 11 for b
As shown, 
uced the parti
relatively sa
pressures. T
points. First, 
the direct sh
nd, the addit

reduce the str
other words, 
e increase of 
ear surface. 

he Hardin method

cle breakage of 

EHAVIOUR OF
 
 

9. It 
t in 
age 
. It 
soil 
ress 
fore 
can 

vely 
the 

den 
oth 
the 
icle 
ame 
This 

the 
hear 
tion 
ress 
the 
the 

 

Fig. 10
at diffe
 

 

Fig. 11
at diffe
 
Compa
silica s

Stu
tire cr
resulte
behav
behav
depen
partic
simila
condu
resear
to the 
streng
the re
Neaz
crumb
is, als
appare
sands 
occurs

d 26

the

F THE CARBON

0 — Tire additio
erent normal stre

 — Tire additio
erent normal stre

arison of the re
and 

udies conduct
rumbs conclu
ed in the 

viour in com
viour of silica
ndent on the 
les27–30. One 

ar properties 
ucted by Nea
rch revealed t

silica sand re
gth and intern
esults obtain
Sheikh et al2

bs increased t
so observed 
ent differenc
is the particl

s to carbonat

NATE SAND-G

on effect on brea
esses in a relative

on effect on brea
esses in a loose s

sults with the m

ed on the mix
uded that the a

entirely d
mparison w

a sand solely,
size of the 
of the studi
of the tire

z Sheikh et a
that the addit
esulted in the

nal friction ang
ned in this r
. concluded t

the ductility o
in the GtCs

ces between 
le breakage a
te sands20. Th

RANULATED 

akage of the car
ely dense state 

akage of the car
tate 

mixture of tire c

xture of silica
addition of tir

different geo
with the geo

, and this beh
tire crumbs 

ies with the 
e crumbs is 
al28. The resu
tion of the tir
e reduction of
gle, which is 
research. Fur
that the additi
of the silica sa
s mixture. On

silica and 
at working loa
he particle br

 153

 
rbonate sand 

 
rbonate sand 

crumbs and 

a sand and 
re crumbs 
otechnical 
otechnical 
haviour is 
 and soil 
relatively 
the one 

ult of that 
re crumbs 
f the shear 
similar to 

rthermore, 
ion of tire 
and which 
ne of the 
carbonate 
ads which 
reakage is 



INDIAN J. MAR. SCI., VOL. 49, NO. 01, JANUARY 2020 
 
 

154

investigated herein, and its reduction in the GtCs 
mixture was observed. 
 
Conclusion 

The accumulation of tire crumbs in nature causes 
many environmental problems. To resolve these 
problems, various applications are proposed for tire 
crumbs, one of which is a geotechnical application as 
a tire-sand mixture. In this research, the mechanical 
properties of the granulated tire-carbonate sand 
mixture are investigated. The results revealed that 
using the granulated tires with a similar size as the 
carbonate sand particles in the mixture of tire-sand 
leads to a decrease of the shear strength. Furthermore, 
the addition of the granulated tires resulted in the 
disappearance of the peak shear strength, and 
hardening behaviour of the mixture. In other words, 
the mixture revealed more ductile behaviour. The 
importance of this behaviour is evident as the 
carbonate sand is indigenous to many onshore and 
offshore areas, and the structures in these areas are 
under the dynamic load in their life cycle. The 
mixture of granulated tire-carbonate sand can be  
used as seismic isolation owing to its ductility. 
Moreover, the investigation of the mechanical 
properties of the mixture revealed that the addition of 
the granulated tire to the carbonate sand reduced both 
the internal friction angle and the particle breakage of 
carbonate sands.  
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