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In this paper, a series of model tests about the trapezoidal filling structures filled with tire reinforced concrete particles has been
conducted to study their stability and the ultimate bearing capacity. The effects of the reinforcing tire slices on the global stability
and ultimate bearing capacity of the model were investigated, the results show that the tire slices reinforcement can reduce the
total settlement of the trapezoidal filling structure, and the ultimate bearing capacity of the reinforced trapezoidal filling structure
with tire slices is obviously improved. Among them, the settlements of crushed concrete particles reinforced with bottom layer,
top layer, and two layers (both bottom layer and top layer) waste tire slices are 11.5%, 37.7%, and 46.2% less than that of
unreinforcement, respectively. Compared with unreinforcement, when the top layer of the model is reinforced with tire slices, the
Earth pressure values at the top layer and the bottom layer are reduced by 21.1% and 22.7%, respectively; the Earth pressure values
at the top layer and the bottom layer are reduced 6.3% and 14.3%, respectively, when the bottom layer of the model is reinforced
with tire slices, and the Earth pressure values at the top layer and the bottom layer are reduced 23.4% and 32.9%, respectively, when
the two layers of the model are reinforced with tire slices. The sliding surface of the pure concrete particles filled trapezoidal
structure is continuous and runs through the whole trapezoidal filling structure slope; the sliding zone of reinforced trapezoidal
filling structure with tire slices decreases with the laying of tire slices.

1. Introduction

Reinforced soil has been rapidly applied in geotechnical
engineering of highway and railway construction. In high-
way construction, there are a great many of reinforcements,
in which geogrids are commonly used as a reinforcement
material; it can restrain the lateral deformation of em-
bankment soil and change the stress state in the rein-
forcement to improve the stability of the embankment.
Meanwhile, waste tires are proposed to be used as light-
weight filling materials for road construction. Under the
conditions of field performance test and numerical simu-
lation, the research shows that the embankment exhibits
good load-bearing performance [1-7]. Therefore, many
scholars have done further research on tire reinforcement.
Wu et al. [8] conducted a series of triaxial compression tests

on 5 kinds of waste tire products with different gradations
and different particle shapes and determined their shear
strength, and the limit internal friction angles of the 5 kinds
of waste tire products were between 45° and 60°. Ghazavi [9]
demonstrated how the shear strength characteristics of sand
mixed with waste tires, rubber, and plastics in different
proportions changed. The shear strength of different mortar
specimens was compared, and two compaction states were
considered. The results show that the main factors affecting
the shear strength of sand-rubber mixtures are normal
stress, unit weight of mixtures, and rubber content. Hataf
[10] investigated the effect of the using of shredded waste
tires as reinforcement to increase the bearing capacity of soil
through a series of laboratory model tests. The results show
that the bearing capacity ratio (BCR) increases with the
increase of shear deformation. However, an optimum value
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for BCR is observed after that increasing shear deformation
led to a decrease in BCR. Venkatappa Rao [11] evaluated the
performance of additives, and the compressibility and tri-
axial compression tests were carried out by changing the size
and the content of tire slices. The test results show that the
content of sand-tire gravel mixture is about 20%, which can
be used as potential material for construction of a highway
embankment with the height of 10 m.

The change of physical properties of tire derived ag-
gregate and rubber mixture has different degrees of influence
on geotechnical and foundation engineering. Therefore, it is
very meaningful to study and optimize the application of
these materials. Wartman et al. [12] studied the real-time
compression and time-dependent compression of tire de-
rived aggregates (TDA) and TDA-soil composites. The result
shows that the direct compression of TDA is almost entirely
caused by the decrease of pore volume, which increases with
the increase of TDA content and tire particle size. In recent
years, many scholars introduced the characteristics of TDA
through model test, field test, and numerical simulation,
including compressive properties, lateral Earth pressure
coefficient at rest and Poisson’s ratio, immediate com-
pression, and time-varying compression. The compression
and load deformation performances of TDA in embankment
were studied. The results show that TDA has better com-
pressibility. Compared with the embankment without TDA,
the peak settlement of the embankment is reduced by 17.21%
and the failure load of the embankment increases by 24.78%
by adding 10% TDA, which shows that the properties of tire-
derived aggregates have a good effect on engineering ap-
plications [13-18]. In order to improve concrete properties,
Khaloo et al. [19] investigated the feasibility of using tire-
rubber particles composed of tire slices, crumb rubber as
aggregate in concrete. The results show that it can improve
the toughness of concrete. In highway construction, tire
rubber-filled concrete is a kind of new cement concrete with
a portion of aggregates replaced by waste tire rubber par-
ticles, many experimental studies were conducted to ex-
amine the potential of the tire rubber-filled concrete, and the
tire rubber-filled concrete for pavement applications was
evaluated for their performance. It is found that the tire
rubber-filled concrete has very high toughness to support
vehicle load [20-23]. In addition, there are many studies on
crushed concrete particles reinforced with tire slices, Sandra
L. et al. [24] added crushed tire particles as an aggregate in
the concrete mixture to improve concrete properties and
evaluated mechanical behavior of concrete specimens pre-
pared with different amounts crushed tire particles, which
partially replaced the fine aggregate, under an indirect tensile
test. The results show that the specimens with 5% crushed
tire particles present the highest value in direct tensile
strength of 4.36 MPa. Ma et al. [25] carried out a series of
shear tests to study the mechanical properties of tire slices
reinforced crushed concrete particles. The results show that
the addition of tire slices can increase the internal friction
angle and cohesion of concrete particles and therefore in-
crease the shear strength of crushed concrete particles.

Based on the above research, it is of practical significance
to study the use of different waste tires to reinforce the
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backfill in highway construction. In this paper, a series of
model tests about trapezoidal filling structures filled with
waste tire reinforced concrete particles has been conducted
to investigate the effect of the reinforcing tire slices on the
global stability and ultimate bearing capacity of the trape-
zoidal filling structure. Detailed results are presented and
discussed in the following sections.

2. Test Method
2.1. Test Device

2.1.1. Data Acquisition Instrument. As shown in Figure 1, it
was a miniature Earth pressure cell called XTR-2030; as
shown in Figure 2, it was a static strain test analyzer called
TST3826 E for data acquisition.

2.1.2. Test Equipment. The test device was a self-made model
test equipment. As shown in Figure 3, it was mainly com-
posed of model test box, loading plate, and weights used for
loading.

The size of the test box was 800 x 400 x 500 mm, and the
test box was made of transparent organic glass with a
thickness of 15mm, which made it easy to observe the
deformation of the model from any direction. In order to
make the load acting on the top of the road trapezoidal filling
structure uniformly, organic glass plate was used for loading.
The size of loading plate was 390 x 300 mm, and its thickness
was 15 mm. Two steel bars were fixed around the sides of the
test box to ensure that there was no obvious deformation.
Vertical load was loaded by weights of 5kg and 10kg. The
trapezoidal filling structure model is shown in Figure 4.

2.2. Measurement of Material Parameter

2.2.1. Particle Screening Method. According to the relevant
provisions of “highway geotechnical test regulations” (JTG
E40-2017), the content of each particle group is determined.
The composition of concrete particles should be represented
by the coefficient of unevenness (C,) and the coeflicient of
curvature (C.) of the gradation index. C, and C. can be
calculated by the following formulas:

d
C, = 60 (1)
dyo
dz
C, =2 (2)
dgodg

where dg is constrained grain size, that is, the particle size
(mm) in the soil with a mass less than 60% of this particle
size; dy is effective grain diameter, that is, the particle size
(mm) in the soil with a mass less than 10% of this particle
size; dsq is the particle size (mm) in the soil with a mass less
than 30% of this particle size.

During the test, the compactness of concrete particles
was controlled by the compaction, and a small rammer was
used for compaction. The falling distance was the same when
the hammer strikes, and the layered filling of 100 mm was
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FIGURE 1: Miniature Earth pressure cell.

FIGURE 2: Static strain test analyzer instrument.

carried out. The compactness of trapezoidal filling structure
was measured before loading. The method of measuring the
compactness was to randomly select 3 samples at different
positions of the trapezoidal filling structure and took the
average value of compactness; the final relative compactness
was 0.45.

2.2.2. Placement of Micro-Earth Pressure Cell. Due to the
concrete particles having sharp corners, it is easy to damage
the micro-Earth pressure cell when subjected to vertical
loads. Therefore, a cotton cloth was wrapped around the
micro-Earth pressure cell, and standard sand was filled
underneath the micro-Earth pressure cell. In this way, not
only the micro-Earth pressure cell was protected, but also the
external force was transmitted uniformly to the surface of
the Earth pressure cell through sand. The micro-Earth
pressure cells were arranged in two layers (top layer and
bottom layer). Five micro-Earth pressure cells (named A, B,
C, D, and E) were arranged in each layer along the longi-
tudinal line, and a control micro-Earth pressure cell (named

F1GURE 3: Model test box.
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Trapezoidal filling structure
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FIGURE 4: Diagram of trapezoidal filling structure.

F) was arranged along the transverse line, as shown in
Figure 5.

As shown in Figures 6(a) and 6(b), the Earth pressure
cells (named A2, B2, C2, D2, E2, and F2) were installed
below the bottom layer of tire slices, while the corresponding
Earth pressure cells (named A1, B1, C1, D1, E1, and F1) were
installed below the top layer of tire slices.

2.3. Test Conditions. As shown in Figure 6(a), the height of
the trapezoidal filling structure in the test was 500 mm, the
distance from the top layer of tire slices to the pavement was
150 mm, and the distance from the bottom layer of tire slices
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FIGURE 5: Schematic layout of one-story Earth pressure cells.
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FIGURE 6: Layout of Earth pressure cells placement. (a) Section view. (b) Plan view.

to the top layer was 100 mm. The testing conditions are
shown in Table 1. The laying position of the tire slices is
shown in Figures 6(a) and 6(b), and the method to lay a layer
of tire slices is shown in Figure 7.

2.4. Parameters to be Measured. The parameters to be
measured in this test were the vertical pressure P on the top
of the bearing plate (the applied load) and the Earth pres-
sures beneath the top layer and the bottom layer of the tire
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TaBLE 1: Testing conditions.

Testing condition Arrangement of tire slices

No tire slices
Single top layer of tire slices
Single bottom layer of tire slices
Both top and bottom layers of tire slices

Testing condition A
Testing condition B
Testing condition C
Testing condition D

FIGURE 7: Laying of tire slices.

slices. The deformations of the trapezoidal filling structures
after loading were continuously monitored.

2.5. Test Method. The test comprises the following steps:

(1) Filling of trapezoidal filling structure model was as
follows: layered filling method was used and the tire
slices were laid, every 10 cm was compacted once to
achieve the required compactness, and the dis-
placement reading reference object was embedded in
the position where the tire slices were laid.

(2) Setting of load value was as follows: the load set in
this test was 2 kPa per stage. The next stage load was
loaded after the deformation of the model was stable.
The required load and the loading time for each stage
load were set. Due to the slow deformation of
concrete particles, the loading time of each stage was
set to be 5 minutes.

(3) Data measurement was as follows: because the
loading time was 5 minutes, the deformation of the
model was observed through a microscope in the
process of loading, and the deformation of the model
was recorded at regular intervals. After the defor-
mation of the model was stable, the load was applied.
During this process, the deformation of the trape-
zoidal filling structure slope was photographed with
a camera, and the load was continuously applied
until the failure of trapezoidal filling structure.

(4) Test results analysis was as follows: the deformation
data of the model can be obtained by calculating and
processing the recorded coordinates; then, the de-
formation curve was drawn, and the stability of the
model, the performance of tire slices, and the effect of
its reinforcement on the Earth pressure were analyzed.

2.6. Terminate Loading Condition. Vertical pressure was
applied by weights. The maximum loading pressure was
10 kPa. As shown in Figure 8, each stage of load was set to be
2kPa, and the loading time of each stage depended on the
deformation of the trapezoidal filling structure. When the
model was stable (each stage load was loaded for about 5
minutes), the next stage load was applied until the trape-
zoidal filling structure is obviously deformed. The sliding
failure of trapezoidal filling structure slope was regarded as
the termination condition of loading.

3. Test Results and Analysis

3.1. Effect of Tire Slices Reinforcement on Settlement. The
load-settlement (P-S) curves at the axis of pure concrete
particles filled trapezoidal structure and trapezoidal filling
structure of concrete particles reinforced with tire slices are
shown in Figure 9. Through comparative analysis, it can be
seen that all P-S curves almost change linearly in the early
stage of load, while in the later stage, the curves become
steeper and the settlement increases rapidly. The results
show that with the increase of the applied load, the particles
in the slope of trapezoidal filling structure are stable after
relative movement. When the applied load continues in-
creasing, the trapezoidal filling structure finally loses its
stability and slides. The inflection point of P-S§ curve of pure
concrete granular filled trapezoidal structure is more ob-
vious than that of trapezoidal filling structure reinforced
with waste tire slices. Compared with pure concrete granular
filled trapezoidal structure, it can be seen that deformation
tolerance of trapezoidal filling structure reinforced with
waste tire slices is increased, which makes the failure mode
of the trapezoidal filling structure change from punching
and local shear failure to overall shear failure.

As shown in Figure 9, it can be seen that the settlements
under four testing conditions show a linear growth state at
the beginning and then increase with the increases of load;
the growth of the settlements is the fastest of testing con-
dition A, C is the second, B is the third, and D is the slowest.
While the settlement of testing condition D increases slowly
and tends to be stable gradually. Compared with testing
condition A, it can be seen from Figure 9 that from the
beginning of load to the destruction, the settlement of testing
condition C is reduced by 11.5%, the settlement of testing
condition B is reduced by 37.7%, and the settlement of
testing condition D is reduced by 46.2%. The settlement of
testing condition C is larger than that testing condition B,
because the larger deformation of the inner part of the
trapezoidal filling structure slope is mainly concentrated on
the upper part of the slope and followed by the lower part of
the slope, the model reinforced with tire slices which can
limits the deformation of the slope. Compared with the
bottom layer of the model reinforced with tire slices, the
interaction between concrete particles and tire slices is
greater when the top layer of the model is reinforced with
tire slices. Therefore, it indicate that the effect of the top layer
of the model reinforced with tire slices is better than the
bottom layer of the model reinforced with tire slices, and
both of them are better than those without reinforcement.
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F1GURE 9: P-S curve of trapezoidal filling structure axis under four
testing conditions.

The effect of two layers (both top and bottom layers)
reinforced with tire slices is best.

As shown in Figure 10, it can be seen that the settlements
of trapezoidal filling structure toe of slope under four testing
conditions all increase at the beginning and show a linear
growth state when load is less than 2kPa. When the load
range is from 2 kPa to 8 kPa, the settlement of the model toe
of slope rapidly increases with the increase of the load under
testing conditions A and C but slowly increases with the
increase of load under testing conditions B and D. The
growth of the settlements is the fastest of testing condition A,
C is the second, B is the third, and D is the slowest, while the
settlement of testing conditions B, C, and D increases slowly
and tends to be stable gradually, when the load reaches
10kPa. Compared with testing condition A, it can be seen
from Figure 10 that the settlement at toe of slope under
testing condition C is reduced by 9.2%, the settlement at toe
of slope under testing condition B is reduced by 30.8%, and
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FIGURE 10: P-S curve at trapezoidal filling structure toe of slope
under four testing conditions.

the settlement at toe of slope under testing condition D is
reduced by 42.3%.

Compared with the settlement of trapezoidal filling
structure toe, the settlements of trapezoidal filling structure
axis under each testing conditions are larger, the main
reasons are as follows: the pressure on concrete particles at
the toe of the slope is relatively small, and the wrapping force
of the tire slices can reduce the additional stress transmitted
by the particles at the central axis. By comparing the curves
in Figures 9 and 10, it can be concluded that when the
vertical load is the same, the settlement of the same layer of
spread tire slices is nonuniform at different locations; the
closer to the central axis, the greater the settlement, and the
smaller the settlements at the toe of the slopes. The settle-
ment is different when the tire slices are laid in different
layers, the settlement is at the minimum when the tire slices
is laid in two layers, and the differential settlement in dif-
ferent testing conditions is also increasing with the increase
of load. When the load is the same, the settlement of testing
conditions B and C is numerically calculated, and the testing
condition B is 14%-30% smaller than that of the testing
condition C, while the settlement value is close at the slope
toe.

3.2. Effect of Reinforcement on Earth Pressure. Compared
with the pure concrete particles filled trapezoidal structure,
the distribution of additional stress in the reinforced trap-
ezoidal filling structure also changes greatly. The distribution
of additional stress on the top and the bottom layers of the
trapezoidal filling structure under 8 kPa load is taken as an
example. As shown in Figure 11, the distribution of the
model additional stress under four cases is approximately
parabolic.

It can be seen from Figure 11 that the Earth pressures
without reinforcement decrease with the increase of the
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FiGure 11: Earth pressures in trapezoidal filling structure. (a) Single top layer reinforced with tire slices. (b) Single bottom layer reinforced
with tire slices. (c) Both top and bottom layers reinforced with tire slices.

distance from the central axis, and the changes of Earth
pressures on both sides of the central axis are symmetrical.
From Figure 11(a), under the condition of the top layer
reinforced with tire slices, it can be seen that both top and
bottom layer of Earth pressures decrease with the increase of
the distance from the central axis. From Figure 11(b), under
the condition of the bottom layer reinforced with tire slices,
it shows that both top and bottom layer of Earth pressures
decrease with the increase of the distance from the central
axis. From Figure 11(c), under the condition of two layer
reinforced with tire slices, it can be seen that both top and
bottom layer of Earth pressures also decrease with the in-
crease of the distance from the central axis.

As shown in Figure 11, the additional stresses of Earth
pressure cells C1 and C2 located at the central axis are the
highest; the values are 14.78kPa and 18.45kPa without
reinforcement, respectively. The Earth pressure values (Cl
and C2) are 13.85kPa and 15.81 kPa, respectively, when the
bottom layer is reinforced with tire slices, the Earth pressure
values (C1 and C2) are 11.66 kPa and 14.27 kPa when the top
layer is reinforced with tire slices, and the Earth pressure

values (C1 and C2) are 11.27 kPa and 12.38 kPa when two
layers (both the bottom and top layers) are reinforced with
tire slices. As shown in Figures 11(a)-11(c), compared with
unreinforcement, the Earth pressure values of C1 and C2
located at the central axis decreased by 6.3% and 14.3%
under the bottom layer of tire slices reinforcement condi-
tion, decreased by 21.1% and 22.7% under the top layer
reinforcement condition, and decreased by 23.4% and 32.9%
under the two layers reinforcement condition. It indicates
that the effect of two layers tire slices reinforcement is the
best, the effect of top layer reinforcement is better than that
of the bottom layer reinforcement, and the effect of single-
layer reinforcement is better than those without reinforce-
ment. The main reasons are listed as follows.

Due to the trapezoidal filling structure reinforced with
tire slices, the diffusion angle of the additional stress in-
creases. In the process of load transferring additional stress
to trapezoidal filling structure, the distribution range of
additional stress is enlarged, and the distribution range of
additional stress is the largest under the testing condition D
(two layers reinforced with tire slices), testing condition B



(top layers reinforced with tire slices) is the second, testing
condition C (bottom layers reinforced with tire slices) is the
third, and testing condition A (without reinforcement) is the
smallest. The distribution of additional stress in trapezoidal
filling structure is more uniform. Compared with the bottom
layer reinforced with tire slices, under the top layer rein-
forced with tire slices, the greater reaction force and
wrapping force of the concrete particles will be generated at
the bottom plane, when it supports the pressure transmitted
from the upper part of the concrete particles. The additional
stress and its difference of both pure concrete trapezoidal
filling structure and waste tire slices reinforced trapezoidal
filling structure decrease with the increase of trapezoidal
filling structure depth. It can be seen from the experimental
results that the dispersion effect of tire slices on the addi-
tional stress is mainly concentrated in the vicinity of the tire
reinforcement, and the dispersion effect is small in the area
far from it.

3.3. Effect of Reinforcement on Stability. Concrete granular
reinforced with tire slices not only effectively improves the
ultimate bearing capacity of the trapezoidal filling structure
but also enhances its stability. The effect of reinforcement
materials and their layers on the stability of trapezoidal
filling structure slope were studied. As shown in
Figure 12(a), it is found that the failure surface of the pure
concrete granular trapezoidal filling structure runs through
the whole trapezoidal filling structure slope. According to
the test results and phenomena, the crack characteristics of
the lower part of the slope are not obvious when the
trapezoidal filling structure of concrete granular reinforced
with tire slices is damaged, and the continuous sliding
surface can only be described according to the obvious crack
characteristics of the upper part of the slope. As shown in
Figures 12(b)-12(d), it can be seen that the failure surface of
the trapezoidal filling structure reinforced with tire slices is
limited to the upper part of the slope.

From Figure 12, it can be seen that the sliding zone of
the pure concrete granular trapezoidal filling structure
slope is larger than that of the reinforced trapezoidal filling
structure slope, but the stable zone is smaller. For the
trapezoidal filling structure slope reinforced with single-
layer tire slices, the existence of tire slices prevents the
sliding surface from developing towards the interior of the
trapezoidal filling structure and forces the sliding surface to
develop towards the unreinforced area with lower strength.
Therefore, the continuous sliding surface of the trapezoidal
filling structure slope reinforced with tire slices is smaller
than that of the pure concrete granular trapezoidal filling
structure slope. When the stability zone of trapezoidal
filling structure is subjected to load, lateral deformation
occurs, which promotes the lateral displacement of the soil
in the sliding zone. However, the curved tire slices can
effectively restrain the lateral deformation of the model.
Therefore, the sliding zone is reduced, the stability zone is
enlarged, and the stiffness of the stability zone is greatly
improved, thereby enhancing the stability of the trape-
zoidal filling structure slope.
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For the trapezoidal filling structure slope reinforced with
multilayer tire slices, the stiffness of the lower part of the
trapezoidal filling structure slope is significantly increased by
increasing the number of reinforcement layers, and the
wrapping force is increased by increasing the tire slices. The
bearing capacity and stability of trapezoidal filling structure
slope are improved, the development of sliding surface to the
lower part of slope is effectively prevented, and the con-
tinuous sliding surface is limited to the upper part of the
slope instead of the whole slope. It can be concluded that
increasing the number of tire reinforcement layers can ef-
fectively reduce the effect of sliding body on the stability of
trapezoidal filling structure slope, so as to achieve the
purpose of enhancing the stability of trapezoidal filling
structure slope.

Many researchers have made great achievements on the
study of ultimate bearing capacity of foundation reinforced
with single-layer geocell. Different researchers have deduced
different calculation formulas according to different research
areas. Generally, researchers mainly divide the ultimate
bearing capacity of foundation reinforced with geocell into
two kinds: the ultimate bearing capacity of foundation
without reinforcement and the ultimate bearing capacity of
foundation reinforced with geocell. The latter is mainly
influenced by the constraints of geocell, stress dispersion,
and membrane effect, which enhance the bearing capacity.
With the reinforcement, the carrying capacity is expressed
by the following formula:

P.=P,+I, (3)

where P, is the ultimate bearing capacity of reinforced
foundation, P, is the ultimate bearing capacity of unrein-
forced soil foundation, and I is the bearing capacity in-
creased by the action of tire plate reinforcement.

The bearing capacity of foundation increases with the
increase of the width and depth of foundation. Therefore, the
bearing capacity of foundation should be revised according
to different width and depth of foundation. The Chinese Code
for Design of Building Foundation [26] recommends that
when the width of foundation is greater than 3m or the
depth of embedment is greater than 0.5 m, the eigenvalues of
bearing capacity of foundation determined by load test, in
situ tests and empirical values should be revised according to
the following formula:

fu :fak+nbY(b_3)+nde(d_o-5)s (4)

where f, is the modified eigenvalue of bearing capacity of
foundation, f, is eigenvalue of bearing capacity of foun-
dation, n, and n, are modification coefficient of bearing
capacity of foundation with Foundation width and depth, y
is the gravity of the soil below the foundation and the
floating gravity below the groundwater level, b is when the
base width is less than 3 m, the base width is 3 m, and when
the base width is larger than 6 m, the base width is 6 m, y,,, is
the weighted average gravity of the soil above the base and
the floating gravity below the groundwater level are calcu-
lated, and d is the foundation embedding depth (), which is
generally calculated from outdoor elevation.
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FIGURE 12: Failure model diagram of trapezoidal filling structure. (a) Failure model of pure concrete granular trapezoidal filling structure.
(b) Failure model of bottom layer reinforced trapezoidal filling structure. (c) Failure model of top layer reinforced trapezoidal filling
structure. (d) Failure model of two layers reinforced trapezoidal filling structure.

4. Mechanism Analysis

The mechanism of the tire slices reinforced concrete particles
has been explained by Ma [25]. As concrete particles are
irregular-shaped particles, there are a lot of voids among
concrete particles without external forces. With vertical loads,
the relative displacement of concrete particles will occur. At
the same time, the particles will also be extruded, broken, and
interlaced. As shown in Figures 13(a) and 13(b), when par-
ticles move in relative motion, two kinds of uneven particles
may have mosaic effect after relative sliding. Mosaic effect not
only increases the friction and cohesion between particles in
the sample but also fills the voids among the particles, the
internal voids among the concrete particles will be decreased,
and the bonding of concrete particles will become tight.

As shown in Figures 14(a) and 14(b), when trapezoidal
filling structure of concrete particles is reinforced with tire
slices, the curved tire slices will exert wrapping force on the
concrete particles. When concrete particles are wrapped by
the tire slices, the interaction between tire slices and concrete
particles will produce friction force, and the wrapping force
and friction will play a role in slope reinforcement.

When trapezoidal filling structure is subjected to ex-
ternal loads, the interaction between concrete particles,
concrete particles, and tire slices will occur, and the

stiffness of concrete particles is much greater than that of
tire slices, which will penetrate into the tire slices after
loading. At this time, concrete particles are subject to the
reaction force of tire slices, and the cohesion and friction
among the model will increase. When the concrete particles
reinforced with tire slices are subjected to force, the
combination of concrete particles and tire slices will be
closer, and the stiffness of tire slices is much lower than that
of concrete particles. The external force will cause the
surface of tire slices change along the concave and convex
surface of concrete and fill the voids between concrete
particles; finally, internal combination of trapezoidal filling
structure is closer.

The action mechanism of concrete granular trapezoidal
filling structure reinforced with tire slices under external
loads is shown in Figure 15. The stress state of particles in
subgrade is different from its ideal state. Under the perfect
condition, the horizontal and vertical pressures acting on
particles are 0, and 03, while in the initial stage of the loading
test, additional stresses Ao, and Ao; appear.

For the instantaneous elastic deformation of soil, as
shown in Figure 15(a), although the deformation occurs, the
volume of soil does not change (AV =0), and the effective
principal stresses in the horizontal and vertical directions are
as follows:
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F1Gure 13: Changes of concrete particles under external loads.
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F1GURE 14: Changes of external loads on tire slices reinforced concrete particles.
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FiGURE 15: Micromechanism of lateral deformation of soil.

0, =0, +Ac, - AU
{ 1 1 1 (5)

0y =05+ Aoy - AU’

where AU is the increment of pore water pressure. When
AU =0, the effective stress is

0} =0, +Ad, ©)
03 = 03 + Ao,

The comparison between formulas (5) and (6) shows that
the value of 05 increases more than that of ¢, in consoli-
dation process (01>03). The trapezoidal filling structure first
expands in the horizontal direction and further compresses

the trapezoidal filling structure in the vertical direction.
Therefore, the effect of horizontal lateral deformation should
be considered in deformation calculation.

In the experiment process of this paper, the lateral
constraint of the trapezoidal filling structure model without
reinforcement is very small, o3 is very small and tends to 0,
which is equivalent to unconfined compression, and its
strength is very small from (5) and (6). When the trapezoidal
filling structure model reinforced with tire slices, lateral
restraint force occurs and o3 greatly increases. Under the
condition of constant oy, the strength of the model is greatly
improved, which plays the role of strengthening the trap-
ezoidal filling structure model.
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5. Conclusion

A series of model tests about the trapezoidal filling structures
filled with tire reinforced concrete particles was conducted
to study their stability and the ultimate bearing capacity. The
effects of the reinforcing tire slices on the global stability and
ultimate bearing capacity of the model were investigated.
The main conclusions are as follows:

(1) Reinforcement can reduce the total settlement of
the trapezoidal filling structure slope. The settle-
ment of the bottom layer of crushed concrete
particles reinforced with waste tire slices is 11.5%
less than that of unreinforcement. The settlement
of the top layer of crushed concrete particles
reinforced with waste tire slices is 37.7% less than
that of unreinforcement. The settlement of the two
layers of crushed concrete particles reinforced with
waste tire slice is 46.2% less than that of
unreinforcement.

(2) The ultimate bearing capacity of reinforced trape-
zoidal filling structure with tire slices is obviously
improved. Compared with unreinforcement, the
Earth pressure values at the top and bottom layers
reduced by 21.1% and 22.7%, respectively, in the
condition of the top layer reinforced with tire slices,
6.3% and 14.3%, respectively, in the condition of the
bottom layer reinforced with tire slices, and 23.4%
and 32.9%, respectively, in the condition of the two
layers reinforced with tire slices. The effect of the top
layer reinforced with tire slices is better than that of
the bottom layer, and the effect of the two layers is
the best.

(3) The sliding surface of the pure concrete granular
trapezoidal filling structure is continuous and runs
through the whole trapezoidal filling structure slope,
while the continuous sliding surface of the reinforced
trapezoidal filling structure slope with tire slices is
limited to the upper part of the slope. The sliding
zone of trapezoidal filling structure slope decreases
with the laying of tire slices.
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