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ABSTRACT: The objective of this paper is to investigate the shear behavior of tire chips. First of all, direct shear test 
was conducted for the material of tire chips. Sand and two layers of sand and tire chips were also examined in order to 
compare with the behavior of tire chips. Using X-ray CT, three dimensional behavior in the materials could be investi-
gated without any destructions. And here, Particle Image Velocimetry (PIV) technique was also used to visualize the 
deformation property from the CT images. Here, the distributions of the displacement vectors and shear strain were 
measured at each shear displacement level. Finally, the mechanical property of tire chips was verified based on all the 
results. 
 
1   INTRODUCTION 
 
There are a large number of people who have their own 
car in Japan and as a result, about one million ton of 
scrap tire has been generated. About 90% of these gener-
ated scrap tires are recycled. So attention has been grow-
ing on using such tire derives products as materials in 
civil engineering as a whole and geotechnical engineering 
in particular. This emerging new class of geomaterials 
can be expected to be characterized by lightweight, com-
pressible, permeable, durable, resilient, and thermally in-
sulating. As far as the applications in geotechnical engi-
neering is concerned, one cost effective application of tire 
chips is to use them behind retaining structures as a re-
ducing earth pressure and highly permeable nature of this 
type of materials as an agent for reducing liquefaction in-
duced deformation. However, the mechanical property of 
tire chips has not been clarified yet. 
 The authors have used X-ray CT scanner for geomate-
rials to investigate or characterize any kinds of geomate-
rials (Otani et al., 2000, Otani, et al., 2002, Otani, et. al, 
2005 and Otani, et. al, 2006).  

The purpose of this paper is to investigate shear beha-

vior of tire chips using Industrial X-ray CT. Here, direct 
shear behavior is picked up as a typical shear behavior 
and this behavior of tire chips is mostly concerned. As a 
comparative purpose, sand and tire chip mixing with sand 
are also examined. In order to discuss on the deformation 
and strain from CT images, one of common techniques 
on image analysis called PIV (Particle Image Velocime-
try) is used. Finally, the characterization of shear beha-
vior on tire chips is discussed, precisely.  
  
2 SUMMARY OF EXPERIMENT 
 
Photo 1 shows materials of the specimens which are tire 
chips and silica sand. The properties of these materials 
are listed as follows: 
 (1) Tire chips: average grain size=2.0mm, soil par-

ticle density   =1.15 g/cm3 ; 
 (2) Silica sand: average grain size=2.0mm, soil par-

ticle density = 2.64 g/cm3 . 
Tire chips were made by shredding scrap tires and par-
ticle size was set as 2.0mm in average after taking out all 
the metals and textiles from the scrap tires. Direct shear 
test was conducted in this paper and Table 1 shows the 
test cases. There were three cases which were the case of 

Table 1. Test cases. 
tire chips No. 3 silica sand 

 
 

Photo 1. Materials used in this test. 
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silica sand for both upper and lower soil boxes (CASE1), 
the case of tire chips for both boxes (CASE2), and the 
case of tire chips in the upper box with sand in the lower 
box (CASE3). Figure 1 shows direct shear test apparatus 
used in this study. In the test, after making each specimen, 
this apparatus was moved to the system of X-ray CT and 
the confining pressure of 100 kPa was applied until the 
vertical displacement is stable. Then shearing force was 
applied under displacement control with its velocity of 
0.5mm/sec until the displacement of 8.0mm. A series of 
CT scanning for the soil box were conducted at the initial, 
the shear displacement of 2.6mm(around the peak for 
sand), those of 5.3mm(after peak) and 8.0mm(end of the 
test), respectively. It is noted that the applied shear dis-
placement was stopped during CT scanning of the soil 
box. With shear stress and strain relationship, a large 
number of CT images were obtained and those images 
were analyzed by the method of image analysis, PIV, in 
order to calculate displacements and strains. The size of 
the soil specimen for direct shear test was 60mm height 
(40mm for lower box and 20mm for the upper one) with 
80mm diameter. 
 

3 DIRECT SHEAR BEHAVIOR 
 
Figure 2 shows a typical result from direct share test 
which is shear stress with shear displacement relationship 
and Fig.3 shows that of vertical displacement with shear 
displacement. For CASE1, there is a peak stress (about 
140 kPa) at around the shear displacement of 2.6mm and 
behavior of dilatancy is remarkable, while the case of tire 
chips (CASE2) shows monotonic increase in the shear 
stress without showing its peak and there is a tendency of 
negative dilatancy. It can be considered for this reason 
that each single tire chip has a characteristic of compress-
ible material. For the case of two layers (CASE3), the 
trend of shear stress with shear displacement relationship 
is close to that of CASE2. 
 
4 RESULTS OF X-RAY CT 
 
CT image is a digital image made by spatial distribution 
of so called CT value which has high co-relation with 
material density and it shows total of 256 levels of black 
and white colors. Figure 4 shows vertical cross sectional 
images for all three cases. As easily realized from these 
images, the density of tire chips is much lower than that 
of sand and the low density area appears around the area 
at the boundary of upper and lower boxes for the case of 
sand (CASE1) while the case of tire chips (CASE2 and 
CASE3) does not show the clear low density area at the 
same place. These can be also realized from dilatancy 
phenomena in sand while tire chips have rather negative 
dilatancy as shown in Fig.3. Especially, the tire chips for 
CASE3 seems to be compressed and thus the compres-
sive stress on the soil particles is decreased. 
 
5 RESULTS OF PIV 
 
PIV is a measurement technique which allows for captur-
ing velocity information of whole flow fields in fractions 
of a second (Raffel et al., 2007). The basic idea of this 
method is that the movement of the particles can be cal-
culated under the highest correlation of two images. Of 
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Figure 1. Schematic layout of the shear apparatus. 
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Figure 3. Vertical displacement shear displacement 
relationship. 

displacement (mm)

sh
ea

r s
tre

ss
 (k

Pa
)

0 

50 

100 

150 

200 

0 2 4 6 8

CASE1
CASE2
CASE3

200

150

100

50

0
0 2 4 6 8

 
 

Figure 2. Shear stress shear displacement  
relationship. 
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course, it is easy to calculate strain from displacements 
and here, distribution of displacement vectors and that of 
shear strain were obtained using PIV. Figure 5 shows the 
displacement vectors calculated from the CT images 
shown in Fig.4. These are the three steps (from the initial 
to 2.6mm, from 2.6mm to 5.3mm and from 5.3mm to 

8.0mm) of the displacement increments. The movement 
of soil particles around the area of the boundary between 
both boxes is tremendous with any directions as the in-
crease of shear displacement. It is also realized that soil 
particles in the upper box are moved to upward while soil 
particles in the lower box move toward the direction of 

Figure 4. Vertical cross sectional images from X-ray CT. 

Figure 5. Distribution of displacement vectors obtained from PIV analysis. 
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applied shear displacement. This means that only upper 
part of the soils contribute to the behavior of dilatancy. 
For the case of tire chips (CASE2), there is no particle 
movement toward vertical direction. This is because the 
tire chips are sheared without any dilatancy due to its 
compressive nature. In the mean time, there is no dis-
placement in the lower box for CASE3 although the dis-
placement in the upper box seems large enough, especial-
ly at the area of the boundary between two boxes. 
Besides, it can be said that the amount of the displace-
ment around the boundary is large enough compared with 
the cases of single material (CASE1 and CASE2).  

Figure 6 shows the distributions of shear stain in the 
specimens for all the cases at the displacement levels of 
2.6mm, 5.3mm and 8.0mm using results of displacements 
by PIV. The case of initial condition was also shown in 
this figure. This strain was obtained using the change of 
the shape of each small area in the materials due to shear-
ing. As seen from this figure, the area of high shear strain 
appears around the corner at the boundary of two boxes 
for all the cases at the beginning of shearing. And then, 
this high shear strain areas are propagated into the area of 
whole specimen along the boundary of two boxes for 
CASE1 and CASE3 although this area is not continuous 
for the case of tire chips only (CASE2). Based on these 
results, it can be said that the tire chips can reduce the 
propagation of shear stain which could be considered to 
be local shear band, so that tire chip could have a poten-
tial for reducing soil failure. 

 

CONCLUSIONS 
 
A series of direct shear test were conducted for not only 
tire chips but also sand, and X-ray CT scanning was con-
ducted to investigate the material behavior in the shear 
box. Following conclusions were drawn from this study: 
 (1) Shear stress of the tire chips under direct shearing 
is small and increased monotonically compared with that 
of sand and there is no peak stress appeared for the ma-
terial of tire chips; 
 (2) There is a less dilatancy effect for the tire chips 
compared with sand, so that it may be effective for the 
use of backfill materials; and 
 (3) Precise behavior was investigated using X-ray CT 
and the local behavior of the material could be evaluated. 
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Figure 6. Distribution of shear strain obtained from PIV analysis. 
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