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In order to study the mechanical properties of tire slices reinforced crushed concrete particles, a series of shear tests were carried
out under the conditions of different vertical loads, different tire volume contents, and different shear rates. *e test results show
that the addition of tire slices can increase the internal friction angle and cohesion of concrete particles, therefore increase the
shear strength of crushed concrete particles. *e peak shear stress increases with the increase of vertical load. However, with the
increase of the tire volume content, the reinforcement effect of the tire slices first increases and then decreases, and the effect is best
when the tire volume content is 4%. Under the vertical load of 60 kPa, the reinforcement effect of 4% tire volume content is the
best, and the peak shear stress increases by 46.53%. Additionally, the shear rate has a little effect on the peak shear stress.*e larger
the shear rate is, the smaller the shear displacement is and the faster the shear strength decreases. *e smaller the shear rate is, the
more gently the shear strength decreases.

1. Introduction

With the rapid increase in the number of automobiles, how
to deal with a large number of waste tires and further meet
the needs of energy conservation and environmental pro-
tection have become an unavoidable problem; waste tires
were in urgent need of treatment.*e reuse of waste tires can
be divided into several ways, such as retreading old tires,
producing rubber powder from waste tires, and making
recycled rubber [1–3]. However, in any form, the utilization
rate of used tires was relatively low, and the overall utili-
zation rate was only about 45%. Nowadays, many scholars
have confirmed the feasibility of waste tires as reinforcing
materials [4–7]. In order to better understand the behavior
of rubber-soil mixtures, scholars conducted a series of
laboratory experiments to study their characteristics. Sid-
dique and Naik [8] used waste tire rubber to prepare rubber
concrete mixture and introduced the possible use of rubber
concrete, which provided a basis for the combination of
waste tire and construction waste to fill. In order to further
explore the feasibility of tire reinforcement, a series of
laboratory tests were carried out, and the results confirmed

that the waste tire can be used as the reinforcement material
of soil and can be effectively applied to geotechnical engi-
neering [9–11]. Ghazavi and Sakhi [12] mixed tire slices of
different sizes and contents into sandy soil and investigated
the shear strength and the deformation properties of the
mixed soil through large-scale direct shear tests. Similar
direct shear tests obtained the same conclusion that the tire
reinforced composite soil could improve its shear strength
and reduce the deformation [13–15]. After a lot of tests, it is
found that the mechanical properties of the tire were not the
same when it is mixed with different materials. When the
sand particles and the tire slices are mixed in a certain
proportion, the bearing capacity of the soil particle rubber
mixture increases and the bearing capacity decreases with
the increase of the tire particles to a certain extent [16].
However, when the soil particles are mixed with the tire
debris, the shear modulus and damping ratio decrease with
the increase of the tire debris content and the shear modulus
increases with the increase of the confining pressure [17]. In
addition, a series of triaxial tests on sand mixed with dif-
ferent proportion of shredded tires were conducted [18–20],
and shear strength of the sand-tire mixtures had been found
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to decrease with the increment in the amount of tire crumbs
in the mixtures.

At the same time, with the rapid development of society
and economy, the construction waste formed in China is
increasing day by day. Construction waste accounts for
about 30%∼40% of the total urban waste, but the utilization
rate is only 5%. Most of the construction waste has caused
serious environmental pollution and resource waste without
any treatment [21]. Many scholars verified the feasibility of
construction waste as pavement base filling, providing
guidance for the determination of the existence of con-
struction waste [22–24]. Rao et al. [25] introduced the
engineering performance of construction waste as recycled
aggregate and summarized the influence of the use of
recycled aggregate on the performance of concrete. Vieira
et al. [26] studied the use of fine construction waste as the
filling material of the reinforced structure and evaluated the
physical, mechanical, and environmental characteristics of
construction waste filling. Tang et al. [27] studied the me-
chanical properties and permeability of waste tire concrete
(waste tire as the concrete aggregate). *e results showed
that the elastic modulus, compressive strength, and tensile
strength of waste tire concrete were generally lower than
those of ordinary concrete, and the difference was significant
with the increase of the content waste tire percentage.

Above all, this paper focuses on the shear mechanical
properties of tire slices reinforced crushed concrete particles.
*e optimum volume content of tire slices and the inter-
action mechanism between tire slices and concrete particles
are discussed. *erefore, a series of shear tests have been
carried out on the reinforced concrete with different volume
contents, different vertical loads, and different shear rates.
*e results can present an important reference for the ap-
plication of unconventional material waste tire reinforced
concrete particles.

2. Test Preparation

2.1. Test Equipment. *e equipment used in the test is
ShearTrac III laboratory large-scale direct shear apparatus
produced by Geocomp Company, USA, as shown in Fig-
ure 1. *e internal dimension of the upper shear box is
305mm× 305mm×100mm (length×width× height), and
the internal dimension of the lower shear box is
405mm× 305mm×100mm (length×width× height). *e
length of the lower shear box in the shear direction is longer
than that of the upper shear box in order to remain the shear
area during the shear process.*e equipment can be used for
direct shear test under controlled displacement and stress
parameters. In this test, the controlled displacement pa-
rameters are used for the direct shear test. *e movement of
the shear box in horizontal direction is controlled by a series
of gears driven by a high precision motor. *e maximum
shear displacement in horizontal direction is 100mm. *e
adjustable shear rate ranges from 0.00003mm·min−1 to
15mm·min−1. *e horizontal and the vertical displacements
are measured by LVDTsensors. Vertical loads are applied by
hydraulic jacks which were supported by the reaction
frames, and the forces are spread to the soil through rigid

load plates above the soil. *e test data are automatically
recorded by the attached software.

2.2. Test Method. *e materials used in this test were
construction waste obtained from Wuhan area. First, the
construction waste should be preliminarily selected, stacked
by category, removed from large steel bars, and selected
manually. After cleaning, the block and concrete block
would be crushed into particles. Finally, manual screening
was adopted, and the grading of concrete particle screening
results is as shown in Figure 2. According to the classifi-
cation method proposed in the Chinese specification of “Test
Methods of Soils for Highway Engineering,” the test soil
sample was named coarse-grained soil with a water content
of 5.6%.

*e waste tire slice was taken from the 145/70R12
standard car tire. *e waste tires were cut into long strips
with a length of 50mm and a width of 30mm. *e me-
chanical parameters of the tire slices are shown in Table 1.

Using the artificial uniform mixing and reinforcement,
even the scrap tire slices were randomly distributed in the
concrete particles. Tire slices with different volume contents
were mixed with concrete particles. *e moisture content of
the sample of the tire slice reinforced concrete particles was
controlled to be 5%, and the sample was loaded after the
moisture content stabilized. *e mixture samples were filled
within 5 layers, each of which had a thickness of 4 cm, and a
compaction of 25 times was conducted in each layer.*e dry
density of the sample was 1.77 g·cm−3, and the relative
compactness was 60.3%.

2.3. Test Scheme. In order to study shear behavior of the
interface of reinforcement with different shear rates, a series
of shear tests were carried out under different vertical loads,
different shear rates, and different volume contents of tire
slices in reinforcement. *e parameters setting for the test
scheme are listed in Table 2.

It is worth noting that there are effects of repeatability
and deviation in the test. *e main reason is that if the
properties of a group of test samples are very different, it will
lead to deviation between the test results and the theoretical
values. *erefore, the test is repeated in each group, and the
average value is taken as the test result so that the test result
has credibility and representativeness.

3. Test Results and Analysis

3.1. Influence of Vertical Load on Interface Characteristics of
Reinforcement. Figure 3 shows the shear stress-shear dis-
placement curves of pure concrete particles under three
loading levels. When the vertical load was 30 kPa, 60 kPa,
and 90 kPa, the corresponding peak shear strength of
concrete particles was 48.4 kPa, 98 kPa, and 141 kPa,
respectively.

It can be seen from Figure 3 that the shear stress-shear
displacement curves under the vertical load of 30 kPa,
60 kPa, and 90 kPa showed obvious softening characteristics.
*is phenomenon was the same as the research carried out
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by Infante et al. [28]. As the shear displacement increased,
the shear stress increased first and then decreased and then
decreased after reaching the peak value. Shear stress and its
peak increased with the increase of vertical load. *ese
results were similar with that reported by Vieira and Pereira
[29]. In addition, when the shear displacement was small, the
slope of the shear stress-shear displacement curve under
different vertical loads was close; however, as the shear

displacement increased gradually, sample under different
vertical loads of shear stress and shear displacement rela-
tionship curve slope gradually opened and the gap was
increasing. *e results show that when the shear displace-
ment was large, the vertical load had a more significant effect
on the shear stress.

*e larger the vertical load, the larger the shear dis-
placement which reached the peak shear strength. When the
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Figure 1: ShearTrac III large direct shear instrument. (a) Main view, (b) side view, and (c) top view.
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Figure 2: Grading curve of concrete.

Table 1: Mechanical parameters of waste tire slices.

Width (mm) *ickness (mm) Relative density Tensile strength (MPa) Elastic modulus (MPa) Poisson’s ratio
10 5 1.2 12 200 0.33

Table 2: Shear test scheme.

Working condition Tire slice volume content (%) Vertical load (kPa) Shear rate (mm·min−1)
A1 2

30/60/90 1A2 4
A3 6
A4 0
B1

2 60
0.5

B2 2
B3 5
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vertical load is low (30 kPa), the shear strength reaches its
maximum value when the shear displacement is about
10mm; when the vertical load is medium (60 kPa), the shear
strength reaches its maximum value when the shear dis-
placement is about 15mm; when the vertical load is large
(90 kPa), the shear strength reaches its maximum value
when the shear displacement is about 20mm. *e reason is
that when the vertical load was small, the movement of
concrete particles was relatively easy and the relative dis-
placement could quickly reach a stable state. However, when
the vertical load was large, the interaction between particles
was large and the displacement was relatively difficult, so a
larger shear displacement was needed to achieve a more
stable state.

3.2. Influence of Tire Slice Percentage on the Shearing Behavior
of Reinforcement. In order to investigate the effect of the tire
volume content on the peak shear stress of the samples, shear
tests with different tire volume contents were performed
under the identical vertical load. *e shear stress-shear
displacement curves of tire slices reinforced concrete par-
ticles with different tire volume contents are shown in
Figure 4.

From Figure 4, it can be seen that the peak shear stress
increases with the increase of vertical load, when the vertical
load was 30 kPa, 60 kPa, and 90 kPa, respectively. *e peak
shear stresses of samples of 2% tire volume content were
64 kPa, 135.6 kPa, and 182 kPa, respectively, those of 4% tire
volume content were 66.5 kPa, 143.6 kPa, and 187.3 kPa,
respectively, and those of 6% tire volume content were
63.2 kPa, 132.6 kPa, and 179.6 kPa, respectively. As the tire
volume content increased, the peak shear stress increased
first and then decreased because the optimal tire volume
content was between 2% and 6% under the identical vertical
load.

Figure 4(a) shows that compared with the pure concrete
particles in Figure 3, the peak shear stress increased by
32.23%, 38.37%, and 29.08%, respectively. Figure 4(b) shows
that when the vertical load was 30 kPa, 60 kPa, and 90 kPa,

the peak shear stress increased by 37.4%, 46.53%, and
32.84%, respectively. Under different vertical loads, the peak
shear stress of 4% tire volume content was higher than that
of 2%. Figure 4(c) shows that, under the vertical loads of
30 kPa, 60 kPa, and 90 kPa, the peak shear stress of 6% tire
volume content increased by 30.58%, 35.31%, and 27.38%,
respectively. Compared with Figures 4(a)–4(c), the effect of
2% tire volume content is better than that of 6%, and 4% tire
volume content has the best effect.

3.3. Effect of Shear Rate on Interface Characteristics of Rein-
forced Soil. Figure 5 shows the relationship between shear
stress and shear displacement at different shear rates.

From Figure 5, it can be seen that the curves obtained
under different shear rates were close within the range of
shear rates studied in this experiment, indicating that the
shear rate had little effect on the peak shear stress of the
sample. After the shear displacement reached about 17mm,
the interfacial shear rate decreased gradually. *e faster the
shear rate was, the smaller the shear displacement which
reached the peak value of shear stress was. When the shear
rate was 5mm·min−1, the maximum shear stress reached its
peak value, and the peak value was slightly higher than the
rate of 0.5mm·min−1, 1mm·min−1, and 2mm·min−1. *e
higher the shear rate is, the greater the slope of the decline
after the peak shear stress reached; the smaller the rate is, the
smaller the slowdown speed after the peak shear stress
reached and finally tended to be stable.

3.4. 2e Influence on Cohesion and Internal Friction Angle.
Figures 6 and 7 are shear strength parameter of reinforced
concrete particles with different tire volume contents.

From Figure 6, it can be seen that the cohesion of
reinforced concrete particles increased first and then de-
creased with the increase of the reinforcement ratio. *e
curve reaches its peak when the tire volume content is 4%.
Compared with pure concrete particles, the cohesion of
reinforced concrete particles increased greatly, and the
cohesion increased by 8.5 kPa. From Figure 7, it can be seen
that the angle of internal friction varies from 57.3∼63.4°.
Namely, the cohesion and internal friction angle of concrete
particles with tire slices were higher than those of pure
concrete particles.*e results showed that the shear strength
of reinforcement was affected by the tire volume content,
and after reinforcement the crushed concrete particles had
larger cohesion and internal friction angle.

3.5. 2e Optimum Tire Volume Content. *rough the
analysis of Figure 6, it can be seen that the effect of the tire
volume content on the shear strength of the samples in-
creased first and then decreased. When the tire volume
content was 4%, the reinforcing effect of tire slices on
concrete particles was the most significant.*e reason is that
when the volume of the tire slice is less than 2%, the effect
between the tire slices and concrete particles is limited and
the contribution to the friction and cohesion between re-
inforcement and soil is also small. *e contribution of tire
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Figure 3: Shear stress-shear displacement curves of concrete
particles.
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slices to the shear strength of the samples increased with the
increase of the tire volume content. When the tire volume
content reached 4%, the reinforcement effect reached the

best state. *e continuous increase in the tire volume
content caused excessive accumulation of tires and overlaps,
which prevented the tires from fully contacting the concrete
particles. As a result, the cohesion and friction provided by
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Figure 4: Shear stress-shear displacement curves of tire slices reinforced concrete particles with different tire volume contents. (a) 2% tire
volume content, (b) 4% tire volume content, and (c) 6% tire volume content.
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Figure 5: Shear stress-shear displacement relationship at different
shear rates.
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Figure 6: *e relationship between reinforcement ratio and
cohesion.
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the tire slices to the concrete particles were insufficient, and
the shear strength of the concrete particles was increased.

3.6. Mechanism Analysis. Because the concrete particles are
randomly shaped particles, as the vertical load increases, the
concrete particles gradually generate relative displacement
under the load. At the same time, particles are squeezed,
broken, and embedded. When the particles move relative to
each other, the interlocking effect may occur after the
particles slide relative to each other. *e interlocking effect

not only increases the friction and cohesion between the
particles in the sample but also fills the gap between the
particles, making the internal gap of the soil smaller and
smaller, and the bond between the concrete particles be-
comes closer and closer, finally reaching a limit. At this time,
the shear stress is the peak shear strength. *e working
mechanism of concrete particles subjected to external loads
is shown in Figure 8.

When the tire slices are added to the concrete particles,
the natural curvature of the tire will exert a wrapping force
on the concrete particles, the inner and outer lines of the tire
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Figure 8: Changes of concrete particles under external loads. (a) Load-free state, (b) limit equilibrium state, and (c) balance broken state.
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Figure 7: *e relationship between reinforcement ratio and angle of internal friction.

(a) (b) (c)

Figure 9: Contact state between concrete particles and tire slices.
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will cause friction with the concrete, and the entanglement
force and friction will strengthen the effect. As shown in
Figure 9, the combination between the tire slices and the
concrete particles is closer than that between the concrete
particles.

As the concrete particles are irregular-shaped particles,
the concrete particles will interact with the tire patch after
bearing the external load. *e stiffness of the concrete
particles is far greater than that of the tire patch, and the tire
patch will penetrate into the tire patch after bearing the
force. A similar mechanism of action between brick powder
particles and tire slices was confirmed by Ma et al. [15]. At
this time, the tire will give a reaction force to the concrete
particles and increase the cohesion and friction in the
sample. *e action mechanism of reinforced concrete
particles with tire slices under external loads is shown in
Figure 10.

From Figure 10, it can be seen that when the reinforced
concrete particles are subjected to force, the bonding be-
tween the concrete particles and the tire slices will be closer
and the stiffness of the tire slices is much lower than that of
the concrete particles. *e external force will make the
surface of the tire slices change along the concave and
convex surface of the concrete, fill the gap between the
concrete particles, and make the internal bonding of the
samples closer.

4. Conclusions

Based on the large-scale direct shear test in the laboratory,
the shear mechanical properties of the reinforced concrete
particles with tire slices were studied, the optimum tire
volume content was determined, and the working mecha-
nism of reinforced concrete particles with tire slices was
analyzed. *e main conclusions are as follows:

(1) *e shear strength of concrete particles increases
with the reinforcement of tire slices, and the peak
shear stress increases with the increase of vertical
load. *e residual shear strength of the samples also
increases, which enhances the deformation resis-
tance of the samples. *e peak growth rate of shear

stress increases first and then decreases with the
increase of vertical load.

(2) Vertical load can also affect the reinforcing effect of
tire slices. Under 60 kPa vertical load, the reinforcing
effect of 4% tire volume content is the most sig-
nificant, and the peak shear stress increases by
46.53%.

(3) Compared with pure concrete particles, the internal
friction angle and cohesion of samples increase
greatly after adding tire flakes. *e reinforcing effect
of tire slice increases first and then decreases with the
increase of the reinforcement ratio. When the tire
volume content is 4%, the reinforcing effect is the
best. At this time, compared with the tire volume
contents of 2% and 6%, the internal friction angle
and cohesion increase slightly.

(4) When the tire volume content is 4% under 60 kPa
vertical load, the shear rate has little effect on the
peak shear strength. *e faster the shear rate reaches
the peak shear strength, the smaller the shear dis-
placement is and the faster the shear strength de-
creases after the peak value is reached. *e smaller
the shear rate is, the more gently the shear strength
decreases.
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