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Abstract: In recent time’s great development is being made in utilizing waste materials viz. Tire wastes in
ground improvement especially in earthquake mitigation. Utilizing rubber tires in earthquake mitigation is an
effective way of dealing with growing waste of tires and costly earthquake protection systems. Its properties like
being lightweight and durability make it a very good reinforcing material and its easily available and cheap
being a waste product. In recent years’ research is carried out in studying the static and dynamic properties of
soil mixed with tire wastes. This review paper summarizes several research works based on the use of tire chips
for seismic resistance of soil. The studies revealed that recycled tire chips are efficient in reducing the dynamic
earth pressure and absorbing the earthquake vibration because of its relatively high damping ratio and low
stiffness values. Liquefaction of saturated sands is one of the most important topics in geotechnical engineering.
Scrap derived recycle materials (such as tire chips and tire shreds) are some kinds of reinforcing materials,
which can be used to reduce the pore water pressure of soils thus reducing its liquefaction potential.

The emerging geo material leads not only to the reduction of the seismic load, but also the seismically induced
permanent displacement of the structure. Due to their potential economic and environmental benefits that can
enhance the structural performances during earthquakes, tire derived recycled material can be used as
reinforcing materials.

Keywords: Dynamic Earth Pressure, Dynamic Properties, Liquefaction, Shredded Tires, Tire Derived
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Introduction:

Growing emphasis on cost, environmentand
structural performance, has led to an increasing
attention to research on alternative reinforcing
materials. Scrap tire derived recycle materials (such
as tire chips and tire shreds) are such alternative
materials, which have applications similar to those
found in other conventional geo-synthetics. Scrap tire
disposal has been a critical environmental problem in
many urban cities due to the huge increase in the
numbers of vehicles. The number of scrap tires may
further increase due to rapid economic growth in
some developing countries such as China and India
where the demand for vehicles has been increasing
significantly. It is estimated that 13.70 million tons of
tires (The United States 4.7 million tons, European
Union (EU) 3.6 million tons, and the rest of the world
5.9 million tons) are removed every year. In India,
the average waste tire rubber generation has been
reported to be of the order of 118 million kilograms
annually (Genan, 2014) [64]. The properties of scrap
tire open up new possibilities in geotechnical
engineering applications. Features, at first sight
limiting the use, have been discovered to create new
uses. Working with scrap tire as a construction
material is multi-disciplinary since it covers both
technical and environmental aspects. ASTM D 6270-
08 defines tire chips and tire shreds as pieces of scrap
tires having basic geometric dimension of 12 to 50
mm and 50 to 305 mm, respectively. It also defines
granulated rubber as particulate rubber composed of
mainly non-spherical particles having dimensions

from smaller than 425 pm to 12 mm. Granulated
rubber is also commonly known as rubber crumbs.
Some of the current uses of scrap tires include
generation of tire-derived fuel (TDF), ground rubber
application (new rubber products, playground and
other sports surfacing and rubber-modified asphalt,
etc.), and civil engineering application. Significant
research efforts have been devoted in recent years to
explore the use of scrap tires in civil engineering
application, as reuse or re-cycling of scrap tires is the
preferred option from a waste management
perspective. The use of scrap tires (alone or with
soils) in civil engineering application includes: soil
reinforcement in road construction; ground erosion
control; slope stabilization; vibration isolation; non-
structural sound barrier fills; light-weight materials
for backfilling of retaining structures; aggregates in
leach beds of landfills; additive materials to asphalt;
and low-strength but ductile concrete.

Literature Review:

Use of recycled tires for civil engineering application
has been investigated mainly for reducing the
stockpiles of scrap tires and using them in
environmentally sustainable ways. Since the early
1990s, studies have been conducted to investigate the
engineering properties of scrap tires (mainly tire
chips and tire shreds) and soil mixtures to study its
use in different civil engineering applications.
Different tests were carried out on soil and soil-tire
chips mixture to study the effect of the addition of
waste rubber tire chips. Heimdahl and Druscher
(1999) [30] studied the engineering properties of
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waste tire chips. Cecich, et al. (1996) [10] and Foose,
et al. (1996) [20], investigated the feasibility of using
shredded tires as a lightweight backfill material for
retaining wall and in reinforcing sand. Tatlisoz et al.
(1998) [55] studied the mechanical properties of soil-
tire chips mixtures relevant to geosynthetic-
reinforced earthworks. A comprehensive collection
of papers on recent researches and applications
worldwide can be found in Hazarika and Yasuhara
(2007) [25] that includes the state of art reports by
Edil (2007) [15], Humphrey (2007) [32] and
Yasuhara (2007) [63]. Furthermore, a standard has
been provided on the use of old tires for engineering
works through the ASTM standards (ASTM 2008).
[6]

Waste tires are used for reinforcing soft soil in road
construction (Bosscher et al. 1997 [8]; Nightingale
and Green 1997 [47]; Heimdahl and Druscher 1999)
[30], to control ground erosion (Poh and Broms
1995) [51], for stabilizing slopes (Poh and Broms
1995 [51]; O’Shaughnessy and Garga 2000 [22],
Fukutake et al. 2003) [21], as lightweight material for
backfilling in retaining structures (Bosscher et al.
1997 [8];; Tatlisoz et al. 1998 [55];Lee et al. 1999
[43]; Garga and O’Shaughnessy 2000 [22];
O’Shaughnessy and Garga 2000a [48]), as aggregates
in leach beds of landfills (Hall 1991; Ahmed and
Lovell 1993 [3]; as an additive material to asphalt
(Foose et al. 1996 [20]; Heimdahl and Druscher
1999) [30], as limiting for freezing depth (Humphrey
et al. 1997), [33] as a source for creating heat (Lee et
al. 1999) [43], as a fuel supplement in coal-fired
boilers (Ahmed and Lovell 1992 [2]; Park et al.
1993), for vibration isolation (Eldin and Senouci
1993) [17], as cushioning foams (Bader 1992;
Ahmed and Lovell 1992 [2]). Various Dynamic
properties of soil are also studied by various
researchers like Hardin and Black (1968) [23], Wu et.
al. (1997) [60], Feng and Sutter (2000) [19],
Jeremicetal.(2000) [37], Hong (2000) [31], Edincliler
et al. (2004) [16], Pamukcu and Akbuluta(2006)
[4,50],Kim and Santamarina (2008) [40], Lee et al.
(2008; 2009; 2010) [41], Senetakis et al. (2012)
[5,54], Nakahei et .al (2012) [46]Kaneko et al.
(2013)[38] are among few researchers who studied
various dynamic properties of soils viz. Dynamic
moduli such as Young's modulus E, shear modulus
G, and bulk modulus K. Poisson's ratio. Dynamic
elastic constants, such as coefficient of elastic
uniform compression, the coefficientof elastic
uniform shear, the coefficient of elastic non-uniform
compression and coefficient of elastic non-uniform
shear, Damping ratio, liquefaction parameters, such
as cyclic stress ratio, cyclic deformation and pore
pressure response. The studies concluded that
addition of tire wastes as reinforcement greatly
improves various dynamic properties of soil.
Reinforced Sand tire mixture can be used as a
backfill in earth retaining structures to improve
seismic resistance and also to reduce liquefaction

potential of soils. Comprehensive literature review
for the two properties viz. Dynamic earth pressure
and liquefaction are discussed in following sections.

1 Dynamic Earth Pressure:

In the seismic zones, the retaining walls are subjected
to dynamic earth pressure, the magnitude of which is
more than the static earth pressure due to ground
motion. Since a dynamic load is repetitive in nature,
there is a need to determine the displacement of the
wall due to earthquakes and their damage potential.
This becomes essential if the frequency of the
dynamic load is likely to be close to the natural
frequency of the wall-backfill-foundation-base soil
system. This essentially consists in writing down the
equation of motion of the system under free and
forced vibrations. This requires the information on
the distribution of backfill soil mass and base soil
mass participating in vibrations. Duncan and Seed
(1986) [12] and Duncan et al. (1992) [13], studied the
effects of wall movement to the earth pressure on the
retaining wall. If the wall moves out from the
backfill, the earth pressure reduces. On the other
hand, if the wall moves into the backfill, the earth
pressure increases. When a cushion material, i.e.
recycled tire chips, which has low stiffness compared
to the backfill soils, is installed between the culvert
wall and backfill, the dynamic earth pressure due to
the vibratory roller can be reduced similarly. That is,
the force generated by the dynamic loading is first
transferred to the cushion. The cushion is then
deformed due to the force resulting in the reduction
of earth pressure acting on the concrete culvert
without wall movement. Tweedie et al. (1998) [58]
conducted experiments on 4.88m retaining walls
using tire-derived aggregates (TDA) and sand
respectively and found that the lateral pressure of
TDA is 35% less than that of the sand. Humphrey et
al. (1998) [34] investigated the bridge abutments
using TDA backfills and reported a 50% reduction of
lateral pressure. Jeremic et al. (2000; 2004)[36,37]
showed the possible reduction of dynamic loads on
abutments walls or abutment walls and supporting
pile group system. This benefit can be achieved if tire
shreds are placed appropriately, in horizontal layers
of appropriate thickness and with the appropriate
placement of those layers. The placement of layers of
tire shreds can significantly influence the dynamic
behavior of the bridge abutment and consequently the
forces in the wall. The numerical analysis and field
experiments carried out by Lee and Roh (2007)
[53]to study the effects of the cushion materials on
the stress variation with soil depth in the backfill
areas also showed that recycled tire chips as cushion
material between the culvert wall and backfill soil,
with low elastic modulus, lower stiffness and high
damping ratio can effectively reduce the dynamic
earth pressure induced by the compaction loading
because of the effects of wall movement as well as
improve the characteristics of compacted soils.
According to the numerical analysis results, the peak
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horizontal earth pressures induced by the dynamic
compaction were developed at a depth of 0.7 m
below from the ground surface regardless of the fill
heights. The peak horizontal earth pressures
decreased as the fill height increased. However, when
a cushion material was applied to the culvert wall, the
peak horizontal earth pressure was not significantly
changed with fill height. The tire board was able to
reduce the dynamic earth pressure up to 70%.
Likewise, Lee and Roh (2007) [53] examined the use
of recycled tire chips and expanded polystyrene
boards as methods to reduce the dynamic earth
pressure exerted by compaction efforts in the
backfills of concrete culverts. From the results of
their numerical simulations and field tests, they
concluded that due to the relatively high damping
ratio and low stiffness of recycled rubber tires,
recycled rubber tires are more efficient in reducing
the dynamic earth pressure from compaction in
comparison to expanded polystyrene. From the
studies of Hazarika et al. (2007; 2008)
[24,26,27,28,29], it can be observed that, as
compared to conventional backfill, use of tire chips
cushion yields a significant reduction of the seismic
earth pressure acting on the caisson at each depth.
While the caisson without any protective cushion
experiences high fluctuation of the earth pressure
with a predominant peak, the earth pressure on the
cushion-protected caisson stabilizes soon. The
reduction in the earth pressure at common peak
ground acceleration was 75, 25, and 66% at the top,
middle, and the bottom of the caisson, respectively.
This implies that the seismic performance of the
caisson improves with the use of the sandwiched
cushion. This innovative cost-effective disaster
mitigation technique developed using tire chips, the
emerging geomaterial, leads not only to the reduction
of the seismic load, but also the seismically induced
permanent displacement of the structure. The
technique developed also could prevent the
bumpiness of the backfill after an earthquake, thus
maintaining the performance of infrastructural
facilities after strong earthquakes. Xu et al. (2009)
[62] also proposed the use of scrap tires as a cushion
around buildings in order to absorb the vibrating
energy exerted during an earthquake. He conducted
numerical simulations to determine the effectiveness
of such uses for scrap tires. Xiao et al. (2012) [18,61]
pointed out the advantages of TDA backfill over
sand, that include less lateral displacement, less
vertical settlement, less acceleration, apparent
acceleration attenuation toward the top of the wall
and less static and dynamic stresses in the TDA
backfill. Abdelhaleem et. al. (2013) [1] concluded
that the effect of using RSM (Rubber sand Mixture)
layer is dependent on the site natural period and the
frequency content of the ground motion while the
effective configuration of the RSM layer is subject
naturalperiodoftheintendedstructure.PlacingalayerofR
SMresultedinincreasingthesitenatural period causing

damping of spectral accelerations at low periods and
amplification of spectral accelerations at higher
periods compared to the baseline case. The deeper the
RSM layer, the larger the shift in site natural period
resulting in more effective damping and lower
response spectrum at ground surface for a wider
range of periods. Thus, the higher the natural period
of the structure, the deeper the sand / rubber lay
ernbeded to achieve damping. For the same
excavation depth, using a thin layer of RSM at the
bottom of the excavation is more effective in
damping the spectral accelerations at the ground
surface than using a thick layer of RSM. Meles et. al.
(2015) [45] made nonlinear elastic material models
for TDA (Tire derived aggregates) produced from
PLTT (passenger and light truck tire) and OTR (off-
the-road) based on previous large-scale, one-
dimensional compression tests for TDA up to 300
mm in size. Based on the results from the FE analysis
and data measured in the field during construction of
the full-scale field experiment, the following
conclusions can be made:

* Compressibility is the governing parameter in the
design of structural fill using TDA. The
compressibility of TDA can be determined from
large-scale, one-dimensional laboratory compression
tests performed on compacted samples.

* The incremental tangent constrained modulus for
TDA derived from the large-scale, one-dimensional
compression test increases as vertical stress
increases. The functional relation can be represented
by a second-degree polynomial function.

» The computed settlements of an embankment using
the FE (Finite Element) analysis agree reasonably
well with field measurements. Thus, the material
model proposed for PLTT and OTR in this study can
be used to calculate deformation in geotechnical
TDA applications, such as highway embankment fill
material and backfill behind retaining walls.

Takano et. al. (2015) [11] conducted series of direct
shear tests for not only tire chips but also sand. X-ray
CT scanning was conducted to investigate the
material behavior in the shear box. Based on the
results it was concluded that shear stress of the tire
chips and mixed sand with tire chips under direct
shearing are small and increased monotonically
compared with that of sand. There is no peak stress
observed for the samples containing tire chips. There
is a less dilatancy effect with the tire chips and mixed
sand with tire chips compared to sand so that it may
be effective for the use of backfill materials. The tire
chips can reduce the propagation of shear strain
which could be considered to be local shear bands so
that tire chip could have a potential property for
reducing soil failure. The particle with high contact
force develops along the shearing from top right to
bottom left this tendency has decreased as the tire
chip mixing rate increases.
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2 Liquefaction:

Liquefaction is a state primarily in saturated cohesion
less soil wherein the effective shear strength is
reduced to negligible value for all engineering
purpose due to pore pressure caused by vibrations
during an earthquake when they approach the total
confining pressure. In this condition, the soil tends to
behave like a fluid mass. Saturated loose sands, silty
sands, non-plastic silts, marine clays, other sensitive
clays and some gravel are susceptible to liquefaction
in an earthquake. The two most important factors
accounting for the occurrence of liquefaction include

e  The cohesiveness and density of the soil deposit

e  The level of shaking.

Liquefaction of sand may develop at any zone of a
deposit, where the necessary combination of in-situ
density, surcharge conditions and vibration
characteristics occur. Such a zone may be at the
surface or at some depth below the ground surface,
depending only on the state of sand and the induced
motion. An important feature of the phenomenon of
liquefaction is the fact that, its onset in one zone of
deposit may lead to liquefaction of other zones,
which would have remained stable otherwise. Many
failures of earth structures, slopes and foundations on
saturated sands have been attributed in the literature
to liquefaction of the sands.

Edil and Bosscher (1994) [14] showed that the
density of a rubber sand mixture can be reduced from
17.4 kN/m® (of pure sand) to 9.5 kN/m? as rubber
content varies from 0-75%, this may lead to a
decrease in the shear strength and potentially enhance
the possibility of liquefaction occurrence. However,
there is evidence to show that the shear strength of
loose sand becomes greater than that of dense sand
with an addition of more than 10% tire chips (Edil
and Bosscher, 1994) [9,14]. The use of waste tire
shreds as backfill material to increase the
permeability that resists under compaction and high
gravity loads in a soil mass could result in a decrease
of directional strength (Heimdahl, 1999) [30].
Various studies of the engineering properties of
rubber soil mixtures have also demonstrated a
significant increase in the cohesion intercept
(commonly referred to as the c—value) (Masadet al.,
1996) [44]. Moreover, rubber normally has higher
frictional angles (commonly referred to as the phi
value) than normal soils (Edil and Bosscher, 1994)
[14] and the cohesion value increases with the
percentage of shred content in the mix (Fooseet al.,
1996 [20]). Liquefaction mitigation by mixing tire
chips with sand has beena topic of interest in recent
years. By making use of the granular and highly
permeable nature of tire chips, was used as vertical
drains, as an agent for reducing liquefaction-induced
deformation (Yashara et al. 2004). Sand and
tirechips were mixed at various ratios by volume and
performed undrained cyclicand monotonic triaxial
shear tests (Hyodo et al. 2007 [35,39]; Okamoto et al.
2008) [49]. Based on the results, the effect of tire

chips in controlling the generation of the excess pore-
water pressure induced by cyclic and monotonic
shearing was confirmed, with the effect being more
remarkable as the tire chips content in the mixture
was increased.

Preliminary studies by Promputthangkoon and Hyde
(2007) [52] have shown that the addition of small
quantity of tire chips reduces the cyclic shear strength
of rubber soil mixtures. In addition, randomly mixing
tire chips can reinforce sand, resulting in greater
shear strength than that of pure sand at its densest
state. That implies densification can reduce the void
ratio and thus increase the density in order to
minimize liquefaction. The tire board may be able to
reduce the ground water table in the backfill area
because of its high permeability coefficient (Lee et al.
2006) [42]. The results of the test series conducted by
Hyodoet. al. (2007) [35, 39] have confirmed that
excess pore water pressure does not generate inside
tire chips, and hence, liquefaction does not occur.
Therefore, such material has enormous potential in
mitigating liquefaction when used them as drainage
materials.

Hazarika et al. (2006; 2007; 2008) [24,25,27,28,29]
have also confirmed that the highly granular tire
chips layer prevents any development of excess pore
water pressure, except for the little increase in the
form of dynamic water pressure. The unprotected
caisson backfill shows a significant development of
the excess pore-water pressure twice that of the
cushion protected caisson, and thus may experience
liquefaction-induced failure. The cushion protected
caisson Dbackfill, on the other hand, does not
experience an appreciable increase of the pore water
pressure, and thus is not likely to undergo
liquefaction. In the case of backfill improved by the
technique, the built up pore water pressure dissipates
within a very short interval (2.5 seconds), preventing
any chance for the backfill to liquefy. Granular and
highly permeable tire chips give the pore water
pressure a chance to dissipate and consequently, there
is a less chance of the increase of pore water pressure
near the caisson. TheCompressibility of the tire chips
also plays its role here. The presence of highly
compressible tire chips cushion can control the shear
yielding of the sand particles, and thus increasing the
cyclic mobility of the backfill soil. Consequently,
there is less chance of increase of pore water pressure
near the cushion. Beyond the influence zone, which
may vary depending on the cushion thickness and the
relative density of the backfill, of the tire chips
cushion, there is a likelihood of liquefaction unless
some protective measures against liquefaction are
taken. The type of strong motion wave can have an
influence on the liquefaction behavior of the backfill
soils. Concerning the intensity of ground shaking, it
is noted that the damping effects of rubber soil
mixtures reduces the probability of liquefaction
occurrence (Tsang, 2008; 2009) [56,57], by lowering
both the peak and root-mean-square ground
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accelerations Kaneko et al. (2013) [38] investigated
the seismic response characteristics of tire chips, tire
chip-sand mixtures, and alternating layers of tire
chips and sands using online seismic response tests.
His findings showed that the presence of tire chips
reduced the accumulation of excess pore water
pressure in the layer, preventing the occurrence of
liquefaction. In addition, when tire chips are installed
as layers beneath the sand, liquefaction is not
generated in the upper sandy layer because the
amplitudes of the seismic waves are attenuated.
Finally, the effectiveness of tire chips mixed with
sand increased as the mix ratio was increased. When
they were installed as pure layers, tire chips were
more effective when placed at a deeper location or
when the layer was thicker. Bahadori and Manafi
(2013) [7] concluded that tire chips can control the
pore water pressure of the mixture during earthquake
and increase liquefaction resistance. Unreinforced
sand showed are duction in stiffness during
earthquake due to rapid buildup of excess pore water
pressure and no sign of loss in stiffness was observed
in reinforced sand with tire chips, maximum shear
modulus of reinforced soil increased with increasing
tire chips content in mixture due to decreasing excess
pore water generation. Also, mean damping ratio is
increased with increment of tire chips in sand tire
mixture.

Conclusions drawnand suggestions for further
research- It’s a consensus among researchers that
due to properties of recycled tire wastes such as high
damping ratio and low stiffness, they are very
effective in reducing the dynamic earth pressure. The
addition of tire wastes not only reduces the dynamic
pressures and forces in retaining walls but also leads
to effective use of waste materials which otherwise
will lead to a serious environmental problem.

Due to the high permeability of tire shreds excess
pore pressure built up is prevented. As liquefaction is
related to built up of excess pore pressures in
saturated sands, the probability of liquefaction gets
reduced. Waste tire chips can be used as free draining
material to act as anti-liquefaction measure, however
design methodology needs to developed. Further
assessment is required to study adverse effect of tire
chips on stiffness. As the world today is dealing with
growing problems of disposal of various types of
wastes. This novel technique of using tire wastes in
earthquake protection systems is both a boon to civil
engineering and environmentin near future.

References:

[1] Abdelhaleem A.M., EI-Sherbiny R.M., Lotfy H,
Al-Ashaal A.A., “Evaluation of Rubber/Sand
Mixtures as Replacement Soils to Mitigate

Earthquake  Induced Ground Motions”,
Proceedings of the 18th International
Conference  on  Soil  Mechanics and

Geotechnical Engineering”, Paris, 3163-3166,
2013.

(2]

(3]

(4]

[5]

[6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

Ahmed I. and Lovell C. W., “Use of Rubber
Tires in High-way Construction”, Utilization of
Waste Materials in Civil
EngineeringConstruction, H. Inyang and K.
Bergeson, Eds., MaterialEngineering Div.,
ASCE; 166-181, 1992

Ahmed 1. and Lovell C. W., “Rubber Soils as
Lightweight  Geomaterials,” Lightweight
Artificial and Waste Materials forEmbankments
over Soft Soils, Transportation Research
Record, No. 1422, National Academy Press,
Washington, DC; 61-70,1993

Akbuluta S., Hasiloglub A. Samet and
Pamukcuc S, “Data generation for shear
modulus and damping ratio in reinforced sands
using adaptive neuro-fuzzy inference system”,
Soil Dynamics and Earthquake Engineering;
24: 805-814, 2004

Anastasiadis A, Senetakis K, Pitilakis K,
Gargala C, Karakasi I, “Dynamic behavior of
sand/rubber mixtures, Part I: Effect of rubber
content and duration of confinement on small-
strain shear modulus and damping ratio. J
ASTM Int 9(2), 2012

ASTM, “Standard practice for use of scrap tires
in civil engineering applications” D6270-08e1,
West Conshohocken, PA, 2008

Bahadori H., Manafi S., “Investigation on the
dynamic properties of saturated sand-tire chips
mixture by shaking table”, Proceedings of the
18th  International ~Conference on Soil
Mechanics and Geotechnical Engineering, Paris
2013, 883-886, 2013

Bosscher, J., Edil, T. B., and Kuraoka, S.,
“Design of highway embankments using tire
chips”, J.Geotech. Geoenviron. Eng.123(4),
297-304, 1997

Bosscher, P. J., Edil, T. B., and Edlin, N. N.
“Construction and performance of a shredded
waste tire test embankment”
TransportationResearch Record 1345,
Transportation Research Board, Washington,
D.C., 1993

Cecich, V., Gonzales, L., Hoisaeter, A.,
Williams, J., & Reddy, K., “Use of Shredded
Tires as Lightweight Backfill Material for
Retaining Structures”, Waste Management &
Research, 14, 433-451, 1996.

Daiki Takano, Bastien Chevalier, Jun Otani.
“Experimental and numerical simulation of
shear behavior on sand and tire chips”, 14th
IACMAG International Conference, Kyoto,
Japan, 1545, 2014

Duncan JM, Seed R.B., “Compaction-induced
earth pressure under Ko conditions. J
GeotechEng, ASCE 112(1),1-22, 1986

Duncan JM, Williams GW, Sehn AL, Seed
R.B., “Estimation earth pressure due to
compaction”, JGeotechEng, ASCE
;117(12):1833-47, 1992

International Journal of Advanced Structures and Geotechnical Engineering
ISSN 2319-5347, Vol. 05, No. 03, July 2016, pp 107-114



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

RAVI KANT MITTAL, GOURAYV GILL

Edil, T. B. and Bosscher, P. J., “Engineering
Properties of Tire Chips and Soil Mixtures,”
Geotechnical Testing Journal, GTJODJ, Vol.
17, No. 4, 453-464, 1994

Edil, T.B., A Review of Environmental Impacts
and Environmental Applications of Shredded
Scrap Tires, Keynote Paper, Prue. Int.
Workshop on Scrap Tire Derived Geornateriuls
- Opportunities and Challenges- Hazarika
&Yasuhara (eds). Taylor & Francis, London, 3-
18, 2007

Edincliler, A., Baykal, G., and Dengili, K.,
“Determination of static and dynamic behaviour
of recycled materials for highways”, Resources
Conservation andRecycling, 42, 223-237, 2004
Eldin, N. N. and Senouci, A. B., “Use of scrap
tires in road construction”, J. Construction
Engineering and Management, ASCE, 118(3),
562-576, 1992

Feipeng Xiao, Serji N. Amirkhanian, C.
Hsein Juang, Shaowei Hu, and Junan Shen.
“ Model developments of long-term aged
asphalt binders” Construction and Building
Materials 37, 248-256, 2012

Feng, Z. Y., and Sutter, K. G., “Dynamic
properties of granulated rubber sand mixtures”,
Geotech. Test. J., 23(3), 338-344, 2000

Foose, J., Benson, H., and Bosscher, J. “Sand
reinforced with shredded waste tires.” J.
Geotech. Eng., 122(9) 760-767, 1996
Fukutake, K., Horiuchi, S., Matsuoka, H., Liu,
S., and Kawasaki, H., “Stable geostructure
using recycled tires and properties of improved
body using tires with granular materials”, Proc.,
5th  Geoenvironmental Engineering Symp.,
Japanese Geotechnical Society, Tokyo, 189-—
194 (in Japanese), 2003

Garga, V. K., and O’Shaughnessy, V., “Tire-
reinforced earthfill. Part 1: Construction of a
test fill, performance, and retaining wall
design.” Can. Geotech. J., 37(1), 75-96, 2000
Hardin, B.O. and Black, W.L., “Vibration
modulus of normally consolidated clay”, Proc.
ASCE, Vol. 94, SM2, 353-369, 1968

Hazarika ,H..Kohama E. and T. Sugano,
“Underwater shake table tests on waterfront
structuresprotected with tire chips
cushion” Journal of Geotechnicaland
Geoenvironmental Engineering, ASCE 134(12),
1706-1719, 2008

Hazarika H, “Structural stability and flexibility
during earthquakes using tires”, (SAFETY)—A
novel application for seismic disaster
mitigation. In: Hazarika and Yasuhara (eds)
Proceedings of the international workshop on
scrap tire derived geomaterials—opportunities
and challenges, Yokosuka, Japan, 115-125,
2007

Hazarika H, Yasuhara K, Karmokar A, Mitarai
Y Shaking table test on liquefaction prevention

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

using tire chips and sand mixture. In: Hazarika
and Yasuhara (eds) Proceedings of the
international workshop on scrap tire derived
geomaterials—opportunities and challenges,
Yokosuka,Japan, 215-222, 2007
Hazarika, H., and Yasuhara, K. “Scrap Tire
Derived Geomaterials — Opportunities and
Challenges”, Taylor and Francis, UK, 2007
Hazarika, H., Kohama, E., and Sugano, T.
Underwater shaking table tests on  waterfront
structures protected with tire chips cushion.
Journal of Geotechnical and
Geoenvironmental ~ Engineering,  ASCE,
134(12), 1706-1719, 2008.
Hazarika, H., Kohama, E., and Sugano, T.
“Shaking Table Tests on Waterfront Structures
Protected with Tire chips Cushion”, Journal of
Geotechnical and Environmental Engineering,
ASCE, Vol.134,No. 12,1706-1719, 2008.

Heimdahl, C., and Druscher, A. “Elastic
anisotropy of tire shreds”, Journal of
Geotechnical and Geo-environmental

Engineering, 125(5), 383-389, 1999

Hong H. N., “Geotechnical Applications of
Crumbed Tire Rubber”, A Thesis, University of
Alberta, FallEdmonton, Alberta, 2000
Humphrey D, “Tire derived aggregate as
lightweight fill for embankments and retaining
walls” In: Hazarika and Yasuhara (eds)
Proceedings of the international workshop on
scrap tire derived geomaterials - opportunities
and challenges, Yokosuka, Japan,59-81, 2007
Humphrey D, Cosgrove T, Whetten NL,
Herbert R, “Tire chips reduce lateral earth
pressure against the walls of a rigid frame
bridge”, Seminar on rehabilitation and upgrades
in civil and environmental engineering, ASCE,
1997

Humphrey, D. N., “Civil engineering
applications  of  tire  shreds.”Manuscript
Prepared for Asphalt Rubber Technology

Service, S.C, 1998

Hyodo, M., Yamada, S., Orense, R., Okamoto,
M., and Hazarika, H “Undrained Cyclic Shear
Properties of Tire Chip-Sand Mixtures”,
Proceedings of the International Workshop on
Scrap Tire Derived Geomaterials—Opportunities
and Challenges, Yokosuka, Japan, 2007, H.
Hazarika and K. Yasuhara, Eds.,187-196, 2007
Jeremic B, Puthma J, Yang Z, Sett K, Liao J,
Jie G, “Interim report: earthquake response of
bridge abutment backfills constructed with tire
shreds”, Department of Civil Engineering and
Environmental Engineering, UC-Davis, 2004
Jeremic B, Wilson DW, Rosebrook K, Yang Z.,
“Centrifuge characterization and numerical
modeling of the dynamic properties of tire
shreds for use as bridge abutment backfill”,
Center for Geotechnical Modeling, UC-Davis,
Report no.UCD/CGMDR-00/01, 2000

International Journal of Advanced Structures and Geotechnical Engineering
ISSN 2319-5347, Vol. 05, No. 03, July 2016, pp 107-114


http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(xiao%2C+feipeng)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(amirkhanian%2C+serji+n.)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(juang%2C+c.+hsein)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(juang%2C+c.+hsein)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(hu%2C+shaowei)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(shen%2C+junan)

Recent Developments In Utilizing Waste Tires to Reduce Seismic Earth Pressures and Liquefaction Potential

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Kaneko T., Rolando P. Orense, Hyodo M. and
Yoshimoto N., “Seismic Response
Characteristics of Saturated Sand Deposits
Mixed with Tire Chips”,J.  Geotech.
Geoenviron. Eng.,139:633-643, 2013.

Kawata S, Hyodo M, Orense P, Yamada S,
Hazarika H, “Undrained and drained shear
behavior of sand and tire chips composite
material” In: Hazarika and Yasuhara (eds)
Proceedings of the international workshop on
scrap tire derived geomaterials—opportunities
and challenges, Yokosuka, Japan, 277-283,

(2007)
Kim H.K. and Santamarina,H., “Sand-rubber
mixtures (lare rubber chips)”’, Canadian

Geotechnical Journal,45(4),1457-1466, 2008
Lee C., Lee J. S, Lee W, and Cho T. H,,
“Experiment setup forshear wave and electrical
resistance measurements in an
oedeometer.”Geotech. Test. J., 31(2): 149-156,
2008

Lee, Changho, Truong Q., Hung,Lee,Woojin
and Lee, Jong-Sub, “Characteristics of Rubber-
Sand Particle Mixtures according to Size
Ratio”, Journal Of Materials In Civil
Engineering, ASCE.22(4),323-331, 2010

Lee, J. H.,, Salgado, R., Bernal, A., and Lovell,
C. W., “Shredded tires and rubber-sand as
lightweight backfill.”J. Geotech. Geoenviron.
Eng., 125(2), 132-141, 1999

Masad, E. M., Taha, R, Ho, C., and
Papagiannakis, T., , “Engineering Properties of
Tire/Soil Mixtures as a Lightweight Fill
Material”, GeotechnicalTesting Journal, ASTM,
Vol. 19, No.3, Sept. 1996, 297-304, 1996

Meles, D.,Chan, D.,Yi, Y., and Bayat, A.
"Finite-Element  Analysis of  Highway
Embankment Made from Tire-
DerivedAggregate." J.Mater.Civ.Eng. DOI:10.1
061/(ASCE) MT.1943-
5533.0001371,04015100-(1-8), 2015

Nakhaei A., Marandi S.M., Kermani S.S.,

Bagheripour M.H., “Dynamic properties of
granular soils mixed with granulated rubber”,
Soil Dynamics and Earthquake Engineering, 43,
124-132, 2012

Nightingale D.E.B. and Green W.P., “An
Unresolved Riddle: Tire Chips, Two roadbeds
and Spontaneous Reactions”, in testing soil
mixed with waste or recycled materials, ASTM
STP 1275. Edited by Mark A. Wasemiller and
Keith B Hoddinott, 1997

O’Shaughnessy, V. and Garga, V.K.
“Tirereinforced Earthfill. Part3: Environmental
Assessment”, Canadian Geotechnical Journal,
n37, 117-131, 2000

Okamoto, M., Orense, R. P., Hyodo, M., and
Kuwata, J. ‘“Monotonic shear behaviour of
sand-tire chips mixtures.” Proc., Geotechnical

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

Symp., New Zealand Geotechnical Society,
Auckland, New Zealand, 75-80, 2008
Pamukcu, S. and Akbulut, S., “Thermoelastic
enhancement of damping of sand using
synthetic ~ ground rubber  ”Journal  of
Geotechnical and  Geo  environmental
Engineering 132(4), 501-510,2006

Poh, P. S. H., and Broms, B. B., “Slope
stabilization using old rubber tires and
geotextiles.” J. Perform. Constr. Facil, 9 1 ,
76-80, 1995

Promputthangkoon, P. and Hyde, A.F.L.,
“Compressibility and liquefaction potential of
rubber composite soils”, In: Proceedings of
International Workshop on Tire Derived
GeoMaterials, PARI, Kurihama, Japan, 2007.
Roh HS., Lee HJ., “The use of recycled tire
chips to minimize dynamic earth pressure
during compaction of backfill”, Construction
and Building Materials, Volume 21, Issue 5,
,Pages 1016-1026, 2007

Senetakis, K., Anastasiadis, A., Pitilakis, K.,
and Souli, A., “Dynamic Behaviour of
Sand/Rubber Mixtures, Part II: Effect of
Rubber Content on G/Go-c-DT Curves and
Volumetric Threshold Strain”, J. ASTM Int.,
Vol. 9, No. 2, 2012

Tatlisoz N, Edil TB, Benson C., “Interaction
between reinforcing geosynthetics and soil-tire
chip mixtures”, J GeotechGeoenvironEng,
124(11): 1109-19, ASTM D 6270-08, 1998
Tsang H-H, “Seismic isolation by rubber-soil
mixtures for developing countries”, Earthquake
EngStrucDyn, 37:283-303, 2008

Tsang, H.H., Lam, N.T.K., Yaghmaei-Sabegh,
S., Sheikh, M.N., Xiong, W. and Shang, S.P.
"Protecting low-to-medium-rise buildings by
scrap tire-soil mixtures." Australian Earthquake
Engineering Society (AEES) Conference, pp: 8,
2009

Tweedie, J. J., Humphrey, D. N., and
Standford, T. C., “Tire shreds as retaining wall
backfill, active conditions”, J. Geotech.
Geoenviron. Eng., 124 11 , 1061-1070, 1998
Uchimura T, Chi N, Nirmalan S, Sato T,
Meidani M, Towhata I, “Shaking table tests on
effect of tire chips and sand mixture in
increasing  liquefaction  resistance  and
mitigating uplift of pipe”, In: Hazarika and
Yasuhara  (eds)  Proceedings,international
workshop on scrap tire derived geomaterials—
opportunities and challenges, Yokosuka,Japan,
179-186, 2007

Wu, W. Y., Benda, C. C., and Cauley, R. F.
“Triaxial determinations of shear strength of
tire chips.” J. Geotech. Geoenviron. Eng.,
123~5, 479-482, 1997

Xiao M., Bowen J., Mathew M., Larralde J,
“Comparison of Seismic Responses of
Geosynthetically Reinforced Walls with Tire-

International Journal of Advanced Structures and Geotechnical Engineering
ISSN 2319-5347, Vol. 05, No. 03, July 2016, pp 107-114


http://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0001371
http://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0001371
http://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0001371

RAVI KANT MITTAL, GOURAYV GILL

Derived Aggregates and Granular Backfills”,
Journal of materials in civil engineering, ASCE,
November 2012, 1368-1377, 2012

[62] Xu, X. “Earthquake Protection of Low-to-
medium-rise  Buildings using Rubber-soil
Mixtures”. MPhil Thesis, Department of Civil
Engineering, University of Hong Kong, Hong
Kong, 2009.

[63] Yasuhara, K., “Recent Japanese experiences on
scrapped tires for geotechnical Applications”,
Keynote Paper, Proc. Int. Workshop on Scrap
Tire Derived Geomaterials. -Opportunities and
Challenges- Hazarika &Yasuhara (eds).
Taylor& Francis, London, 17-40.copyright
ASCE, 2007

[64] www.genan.eu

International Journal of Advanced Structures and Geotechnical Engineering
ISSN 2319-5347, Vol. 05, No. 03, July 2016, pp 107-114



