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.e accumulation of waste tires is a global resource and environmental problem. .e landfill or incineration of tires will infiltrate
toxic chemicals into the surrounding environment, which poses a serious ecological threat to the environment. A large number of
studies have shown that waste tires can be used in geotechnical engineering, which provides a good idea for the recycling of waste
tires. Up to now, researchers have tested the performance of soil mixed with waste tires by dynamic triaxial test, California load
ratio test, unconfined compression test, direct shear test, consolidation test, and expansive force test. .e results show that the
stability and strength of the soil can be enhanced by adding about 20% rubber particles to the expansive soil, and the expansion,
contraction, and consolidation characteristics of the expansive soil can be significantly improved. Rubber can improve the
mechanical properties and deformation properties of sand. .e rubber sand with a rubber content of 30% is often used as the
isolation layer of middle and low buildings. However, it remains to be seen whether it is sustainable and durable to use waste tire
rubber to improve soil properties and whether the chemical composition of waste tire rubber will have adverse effects on soil. So,
more researchers are encouraged to look into this question. Here, we review the method and effect of rubber reinforcement
technology with scrap tires and introduce the practical application of rubber reinforcement technology in engineering, such as
specific engineering projects for retaining wall, road filling, shock absorption, and vibration isolation. .is review will be of great
significance and broad prospects for the reuse of waste tires and the development of geotechnical engineering.

1. Introduction

.e growth of vehicles ownership is on a straight line in
recent years. It is estimated that, by 2030, the total number of
vehicles in the world will reach 2 billion, and hence the
number of scrapped vehicles will also increase, resulting in a
large amount of waste tires every year [1]. Due to the
nondegradability and unfavorable size for storage, the sites
available for waste tire disposal rapidly exhaust. It is esti-
mated that Australia produces more than 500,000 tons of
waste tires every year [2]. .e United States currently has 2
billion waste tires, which continue to grow at the rate of 200
million to 250 million tires per year, among which less than
10% can be recycled locally [3]..e landfill or incineration of
tires will cause serious ecological threat, and the landfill of
waste tires is strictly controlled [4]..erefore, the disposal of

waste tires has become a global and environmental problem.
In this case, it is urgent to find new beneficial ways to recycle
waste rubber [5, 6]. Because of high tensile strength, good
toughness, durability, and strong aging resistance, scrap tires
have been noted by the engineering field [7]. Researchers
have proved that waste tires can be applied to various civil
engineering projects, such as soil reinforcement [8], road
filler [9] and shock isolation [10], and slope stability [11]. As
a sustainable material, rubber greatly reduces the cost of
reinforcement while improving soil properties [12–16].

In recent years, the application of waste tires in geo-
technical engineering has been widely studied, especially the
soil reinforcement technology. .e application of soil re-
inforcement technology can be traced back to ancient times.
In ancient times, people mixed simple materials with soil to
form simple reinforced soil materials [11]. Nowadays, soil
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reinforcement technology has been used in geotechnical
engineering. .e reinforced materials have also developed
from the early natural fabrics and steel bars to geosynthetics
such as geomembrane and geocell. Various soil reinforce-
ment materials usually have the characteristics of light
weight, convenient construction, low cost, and convenient
production and transportation. In addition, reinforcement
technology can also increase soil strength, enhance soil
stability, and greatly improve soil mechanical properties
[17–19].

Among soil reinforcement materials, the research and
application of rubber reinforced soil have become a research
hotspot [20] pointing out that rubber reinforced soil mainly
refers to a new type of geotechnical material formed by
mixing waste tires with other soil materials. .e method of
turning waste tires into geotechnical materials is to cut into
fragments and strips or to ground into particles and then to
mix with soil for utilization. In recent years, many re-
searchers have tested the properties of rubber reinforced soil
and found that rubber reinforcement can increase the
ductility of sandy soil and improve the shear strength of soil
[12, 14, 21]; through cyclic triaxial test or resonance column
test, it is found that rubber reinforced soil can increase the
ductility and improve the shear strength of sandy soil
[22–24]. It can control the accumulation of pore water
pressure and improve dynamic characteristics such as
damping ratio [25–30]. For cohesive soil, rubber rein-
forcement can reduce its dry density and improve its
compressive strength and soil stability [31–34]. Once the
waste tire is mixed into the soil with the optimized content, it
can not only improve the soil strength, but also reduce
various adverse effects of waste tire accumulation on the
environment [35].

.e application of rubber reinforced soil not only has a
very positive significance and broad application prospects
for civil engineering, but also has a good effect on envi-
ronmental protection and the promotion of “green design”
[36]. In this paper, the experimental methods and progress
of rubber reinforced soil are reviewed, and the effect of
rubber reinforcement in different soil is summarized. .e
practical application of soil and the research direction of
researchers provide a reference.

2. Experiment Condition

2.1.RubberType. In the current research, to optimize the soil
properties, the rubber used in geotechnical engineering
mainly comes from waste tires. Firstly, due to the recycling
of waste tires, a large number of waste tires will cause serious
adverse effects on the ecosystem [7] (see Table 1); secondly,
based on the natural geotechnical properties of tire rubber,
which can be mixed with soil to form rubber soil mixture, in
this paper, the rubber soil mixture is called rubber reinforced
soil [38].

.emain chemical components of waste tires are natural
rubber and synthetic rubber (such as styrene butadiene
rubber and cis-1-butadiene rubber), as well as sulfur, carbon
black, silicon oxide, iron oxide, calcium oxide, and other
additives [39]. .e waste tire fragments or particles have

strong compressibility, which can increase the soil damping
ratio, shear modulus, and improve the mechanical prop-
erties of soil after mixing with soil [32]. .e physical and
mechanical properties of rubber reinforced soil are generally
related to soil type, rubber content, and rubber size.

In addition to waste tires, discarded garden hose is also
characterized as rubber raw materials [37] (see Table 1). .e
waste garden hose was mixed with sand with respect to
different content to improve its shear strength. .e results
show that the waste rubber tube particles make the sand
mixture show obvious cohesion and improve the shear
strength of sand. From the environmental aspect, this sand
waste rubber tube particle material can be used in geo-
technical engineering; it is also environmentally friendly.

2.2. Reinforcement Method. When waste tire rubber is used
to improve soil, rubber can be mixed with soil in various
forms, such as chips, debris/particle, fiber, and fine powder.
According to ASTM d6270-08 (2012), the waste tire prod-
ucts can be divided into four categories according to their
shape and size: (1) tire fragments, 50–300mm; (2) tire chips,
usually rectangular or triangular, 12–50mm; (3) polished
rubber, strip fiber shape, 1-2mm; and (4) rubber powder,
0.425–2mm. Figure 1 shows the rubber powder under
different magnification [8]. In geotechnical engineering
tests, rubber debris, rubber fiber, rubber particles, and
rubber powder are commonly used as rubber reinforced soil
materials. Authors in [40] believed that the particle size ratio
of rubber particles to soil particles determines the contact
behavior of the mixture. .e application of rubber with
different shapes and sizes in geotechnical engineering was
introduced. Because the shape of rubber particles and rubber
powder is similar, the particle size is divided, while the
rubber particles and rubber powder are combined into a
reinforcement method.

2.2.1. Rubber Debris Reinforced Soil. At present, there are
many researches on rubber debris reinforced soil, which are
applied in highway construction [9], slope stability [41],
lightweight backfill materials [42–44], and seismic isolation
and damping materials [45, 46]. .rough direct shear test,
the researchers found that the internal friction angle and
shear strength of sand increased, and it was concluded that
the best size and rubber content were particle size in the
range of 9.5mm–12.5mm and 30% of rubber particle vol-
ume [47, 48]. However, some scholars disagree and believe
that simply changing the width of tire debris is the best way
to resist the damage. Under the condition of the same tire
fragment content and the same compactness, only a certain
length value can make the friction angle of the mixed soil
reach the maximum value [49]. And a recent study suggests
that, regarding the seismic isolation capabilities of soil-
rubber mixtures, the optimum rubber content of 30% cannot
be regarded as a constant value and depends highly on the
fundamental period of the structure and the soil profile and
possible resonance effects, the slenderness of the structure,
the input motion’s frequency and intensity, specific char-
acteristics of the input motion (i.e., near or far field), and
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other parameters that affect the soil-structure interaction
problem, including primary soil nonlinearities in the vicinity
of the foundation [50]. For shallow foundation support,
adding 10–15% rubber debris into the trench can improve
the ultimate bearing capacity of the foundation and can even
replace deep raft foundation and pavement base soil [51].

2.2.2. Rubber Fiber Reinforced Soil. At present, there are few
studies on the use of rubber fiber in soil reinforcement.
Previous studies have shown that the plasticity, toughness,
and tensile crack resistance of clay can be improved by
adding short fibers [52, 53]. .e authors of [54] studied the
influence of rubber fiber content and soil gradation on soil
properties and carried out a series of compaction tests and
California bearing ratio tests (CBR). .e results show that
the optimal fiber content of cohesive soil and sandy soil is
1.5% and 1%, respectively, and the incorporation of rubber
fiber improves the ductility and energy absorption capacity
of soil, especially for fine-grained cohesive soil. .e authors
of [55] added rubber fiber to cohesive soil and made un-
confined compression test and splitting tensile test. .e test
results showed that, with the increase of rubber fiber content,
the ultimate bearing capacity of cohesive soil decreases, but
the plasticity and hardening properties improve. When the
content of rubber fiber is 7.5%, the absolute toughness and
toughness index of the sample reaches maximum and the
length of rubber fiber (about 1mm) used in this test are less
than 0.5%. .e main research outcomes of the above two
kinds of reinforcement with rubber fiber are summarized in
Table 2.

2.2.3. Improvement of Soil with Rubber Powder and Rubber
Particles. Rubber powder and rubber particles refer to
nonstrip rubber with small particle size, which can reduce
the density of the soil after mixing with the soil, so as to
reduce the load on the foundation, but also can improve the
shear strength of the soil and other mechanical properties
[56]. At present, there are few studies on the influence of
rubber particle size on rubber reinforced soil. Previous
scholars generally address the application of rubber mate-
rials with coarse particle gradation, but it is difficult to
combine these materials with soil when dealing with co-
hesive soil. Nevertheless, small-size materials such as rubber
powder have better workability for fine-grained soil. .is is
because the rubber particles with small particle size are
mostly powder or spherical, which are prone to dislocation
and slip, while the particles with large particle size are mostly
fragmented, which can better occlude and achieve better
shear effect. .e increase of shear strength of rubber rein-
forced soil is mainly caused by the increase of cohesion. .e
addition of rubber powder has no effect on the internal
friction angle [39, 57]..ere are also studies on the influence
of rubber particle size on the expansion, contraction, and
consolidation properties of expansive soil. .e mixing effect
of granular rubber (average particle size 4.75–1.18mm) is
better than that of fine-grained rubber (1.18–0.075mm).
However, there is no significant difference in the effect of
rubber particle size on the strength [58, 59].

In fact, the research on rubber reinforced sandy soil is
more complete. .e existing research on rubber sand (RSM)
shows that the strength of rubber sand is lower than that of
matrix sand and the internal friction angle decreases with the
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Figure 1: Tire rubber powder with different magnification (modified from [8]). (a) No magnification. (b) 50x magnification. (c) 100x
magnification.

Table 1: Types of rubber in rubber reinforced soil.

Rubber
sources

.e type
of soil

Optimum
content Performance Impact on the environment Reference

Waste tire
rubber Sand 35%

.e expansive property of sand is reduced,
and the shear strength of pure sand is

improved

Effectively solving the problem of
recycling waste tires with increasing

waste
[7]

Waste hose Sand 10%–20% .e best condition to obtain the maximum
friction angle

Reducing the impact of waste hose
material reproduction on air and soil [37]

Advances in Civil Engineering 3



increase of rubber content [36, 60, 61]. Geogrid can be used
as an effective method to improve the strength of rubber
sand; research on geogrid is also one of the hot topics of
many scholars [62–64]. .e authors of [13] concluded that
mortar containing 5% rubber particles is suitable for flexible
pavement, building facade, water purification system, and
other civil applications (Table 3).

Current researches demonstrate that the soil reinforced
by rubber can be divided into four categories: sandy soil,
loess, expansive soil, and clay. .e best mixing ratio of
rubber is between 5% and 40%. Relevant reinforcement
methods in different soils are summarized in Table 4.

3. Characteristics of Rubber Reinforced

3.1. Rubber Modified Sand

3.1.1. Physical Properties of Rubber Modified Sand.
Current researches on rubber sand mainly focus on the
mechanical properties, but few focus on physical properties.
.e results show that the addition of rubber particles in sand
can reduce the permeability and the minimum void ratio,
but the maximum void ratio increases [71]. .e density
decreases with the increase of rubber particle content, and
the bulk density of rubber sand is low and the durability is
good [72]. In addition, according to one-dimensional
compression test, adding a small amount of rubber particles
can effectively reduce the volume density, the compressive
deformation, and residual strain of small rubber sand, and
the difference of residual strain decreases with the increase of
sand content [73].

.e authors of [74] carried out relevant tests on Pois-
son’s ratio of rubber sand and found that when the rubber
content is low (≤10%), Poisson’s ratio change pattern is
similar to that of pure sand; when the rubber content is high
(≥40%), it is similar to that of pure rubber particles; when the
rubber content is intermediate (10%–35%), Poisson’s ratio
first increases with axial strain and then remains unchanged,
and the change pattern is shown in Table 5. At the same time,
according to Poisson’s effect of rubber sand, the author puts
forward the empirical estimation formula, which provides
relevant reference for the follow-up researches.

3.1.2. Mechanical Properties of Rubber Modified Sand. At
present, the research on the mechanical properties of rubber
sand is mainly focused on the shear strength of sand, but
whether the addition of rubber increases the shear strength
of sand is still controversial. Some scholars believe that the
shear strength of sand increases with the increase of rubber
content, because the addition of rubber debris increases the

internal friction angle of sand [49, 75, 76]; however, some
scholars believe that the shear strength of sand will be re-
duced by adding rubber, because rubber particles will
separate sand particles, resulting in interlocking and friction
reduction between particles [38, 77]. .e reason for the
dispute may be due to the size of the rubber added. It has
been proved that, under the condition of 10% rubber
content, the shear strength of sand can be significantly
improved by mixing waste tire rubber particles of 2–4mm in
diameter with sand; the internal friction angle of sand can be
increased by mixing waste tire rubber particles of 0.5–2mm
in diameter with sand; however, when the waste tire rubber
particles with particle size less than 0.5mm are added, the
internal friction angle of sand increases with the increase of
the content that gradually decreases [78]. From the shear
strength and deformation characteristics, it is concluded that
the content of rubber particles plays a leading role when it
exceeds 20%. Some studies have shown that the rubber
content to obtain the maximum shear strength is about 35%,
while the size of rubber fragments is not critical to the
performance of sand [3, 36, 49]. In addition, the value of
shear strength is also related to the water content and pore
water pressure of the sand. .e internal friction angle of
rubber sand increases with the increase of water content,
while the effect of pore water pressure on rubber sand is
larger and the mechanism is more complex, which is worthy
of further study. Some tests showed that the internal friction
angle of saturated samples increases with the increase of
rubber particles, while the internal friction angle of dry
samples decreases with the content of rubber particles
[79, 80].

In addition to the shear strength, there are many studies
on the dynamic properties of rubber sand. .e main tests
used include dynamic triaxial test, resonant column test, and
cyclic simple shear test. By summarizing the test results, the
following conclusions can be drawn: the dynamic shear
modulus of rubber sand decreases with the increase of
rubber content, the dynamic elastic modulus decreases with
the increase of tire particle content, the equivalent damping
ratio increases first and then decreases with the rubber
particle content, and the dynamic characteristics of rubber
sand are greatly affected by water content, and the influence
of particle size can be ignored [81–83]. In this regard, rubber
sand with 20% rubber particle content can be selected in
engineering projects [84]. However, the liquefaction resis-
tance of rubber sand increases with the increase of rubber
particle size and mixing amount. .e addition of rubber
particles with large particle size can significantly improve the
liquefaction resistance of samples [85, 86]. .e authors of
[87] studied the dynamic strength characteristics and pore

Table 2: Summary of reinforcing soil with rubber fiber.

Reinforcement
method Test name Optimum content (%) Fiber length

(mm) Reference

Rubber fiber
Compaction and CBR tests 1.5/1 (clayey soil/sandy

soil) 10∼30 [54]

Unconfined compression test and splitting tensile
test 7.5 1 [55]
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pressure development characteristics of rubber sand with
rubber content through indoor dynamic triaxial test..e test
results show that the liquefaction resistance of rubber sand
increases with the increase of rubber content. .e contact
state of particles in rubber sand is shown in Figure 2.

.e deformation mechanism of rubber sand can be seen
as the interparticle dislocation of sand particles, which is
restrained by rubber particles with good deformation ability,
so that the original sand particle skeleton can be supported
and stressed more effectively; from the perspective of force
deformation relationship, 30%∼40% rubber particle content
is the best proportion of rubber sand [88].

3.2. Rubber Modified Clay. Clay is widely distributed in
China, which has high moisture content, low shear strength,
and bearing capacity, and is prone to uneven settlement. It is
found that the mixing of granular or fragmented rubber into
cohesive soil can reduce the mass of soil and improve the
shear strength of soil mass [89, 90]. Because the density of
rubber particles is smaller than that of clay particles, the
density of the mixture decreases [70]. Compared with co-
hesive plain soil, the dry bulk density and optimum water
content of clay mixed with rubber particles are reduced, so
the reinforced soil has lower specific gravity, which can be
used as light filler [91, 92]. Rubber particles are larger than

Table 5: Change rule of Poisson’s ratio of rubber sand.

Rubber content (%) Variation law of Poisson’s ratio Reference
≤10 Similar to pure sand

[74]10～35 With the increase of axial strain, it tends to be constant
≥40 Similar to rubber particles

Table 3: Summary of reinforcing soil with rubber powder/rubber particles.

Reinforcement method Optimum content (%) Optimum particle size (mm) Reference

Rubber powder/particle
10–20 4.75–1.18 [59]
50 4.5–0.075 [57]
20 5.00–0.50 [64]

Table 4: Application of various reinforcement methods in different types of soil.
Types of
soil Reinforcement method Optimum

content (%) Research results Reference

Sand

Waste rubber particles 15%–20%

For near-field earthquakes and a slender structure, a
rubber content of 15%–20% can benefit the base shear
but higher rubber content can have adverse effects on the

overall stability of the structure.

[50]

Scrap tires
(100mm× 20mm× 20mm) 5% .e horizontal displacement of the soft foundation is

limited by the addition of the tire. [62]

Scrap tires (28.2mm) 30%

.e strength and expansibility of sand rubber mixture
depend on the content of tire debris, and the optimum
tire content of 30% is found.When the strain is large, the

mixture has high shear strength.

[65]

Loess

Waste tire particles (2–7mm) 30%/40%
.e best compaction effect can be obtained when the
content of fine particles is 30% under light compaction

energy and 40% under heavy compaction energy.
[66]

Waste tire particles 30%
When the pressure is less than 50 kPa, the deformation
of the mixed soil with 30% content is the smallest, which
has the characteristics of light weight and high strength.

[67]

Expansive
soil

Waste tire particles (0.1–10mm) 23%

When the rubber particles are added into the expansive
soil, the maximum dry density decreases, the liquid limit
and plasticity index increase, and the expansion and

contraction characteristics indexes decrease.

[68]

Waste tire particles (0.075–4.75mm) 10%

.e expansion shrinkage consolidation characteristics
are related to the rubber particle size, and the rubber
with larger particle size is better than the rubber with

smaller particle size.

[59]

Clay

Waste tire rubber powder (12 mesh/
30 mesh) 25%

Adding 25% rubber powder in 12 mesh soil can give full
play to its adsorption capacity and can be used as clay

liner material of landfill site.
[69]

Waste tire particles (1–5mm) and
powder (0.1–1.0mm) 5%–10%

.e addition of rubber reduces the cohesion of the
mixture. .e addition of rubber particles contributes
more to the increase of friction angle than powder.

[70]
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clay, which can also improve the permeability coefficient of
soil and improve the drainage characteristics of clay [93].
Some studies have shown that rubber can reduce the dy-
namic shear modulus of clay and increase the damping ratio,
which indicates that rubber can effectively improve the
seismic isolation and shock absorption performance of clay
[32, 94].

At present, there are few studies on the use of rubber to
improve unsaturated clay, and the relevant results are not
enough to support engineering practice. For cohesive soil, the
incorporation of rubber particles can effectively improve its
shear strength, and the addition of rubber powder will not have
adverse effect on the internal strength of compacted clay [95]. It
is found that the cohesion first increases and then decreases
with the rubber content, while the internal friction angle
gradually increases with the rubber content. During the shear
process, the sample shows the characteristics of first shear
shrinkage and then shear expansion [96]. In addition, some
scholars hold different views. .e authors of [97] studied
unsaturated clay with different rubber powdermixing ratio and
obtained the optimalmixing ratio of 2% and 4%. In this test, the
content of 2% and 4% can effectively improve the shear
strength of soil, while the effective cohesion decreases under
other mixing amounts, which is mainly due to the decrease of
density of rubber soil, and the effect of microforce between
grains is weakened. However, there is no unified understanding
of the optimum rubber content for improving unsaturated clay.
At present, a variety of testmethods have been used to study the
physical and mechanical properties of rubber clay. Table 6
summarizes the various experimental studies on rubber re-
inforcement of clay, the effect, and the optimum amount of
rubber.

3.3. RubberModified Loess. Loess is mainly composed of silt
with a certain proportion of fine sand, ultra-fine sand, and
clay. .e main clay minerals in loess are hydromica, kao-
linite, and montmorillonite. Due to these minerals, the loess
has good properties of adsorption, expansion, and con-
traction. Carbonate minerals often play the role of ce-
mentation, so that loess particles often exist as aggregates in
the natural structure [98].

After encountering water, the collapsibility of loess is
enhanced due to the destruction of soluble salt cemented
aggregates. At present, there are a few studies on rubber

reinforced loess, mainly focusing on its shear performance,
compression performance, compaction performance, and
dynamic characteristics, but the study of each performance
is rare. Improvements of loess performance by rubber are
summarized as follows:

(a) .e shear characteristics of reinforced loess are
mainly studied by using unconsolidated undrained
triaxial test [99] and large-scale direct shear tests
[20, 100] were carried out to study the shear
properties of the composites, and the results showed
that the shear strength increased with the increase of
rubber content in a certain range. It is found that the
shear strength of reinforced soil with 30%∼40%
rubber content is significantly improved. When the
content is lower than 20%, the shear strength of the
mixture is similar to that of plain compacted loess;
when it is higher than 40%, the shear strength of
reinforced soil tends to that of pure rubber particles,
and the shear strength is closely related to the length
width ratio of rubber. Figure 3 [101] shows the
change of shear strength with normal stress.

(b) .e compression performance of rubber reinforced
loess was tested by one-dimensional compression test.
.e test results show that the compression perfor-
mance of the mixture is between pure compacted loess
and pure granular rubber and the compression coef-
ficient, elastic strain, and recovery strain increase with
the increase of rubber content [102].

(c) By standard compaction test, it is found that the
maximum dry density of the mixture decreases with
the increase of the rubber content and the best
compacted rubber content is 30%∼40% [66, 103].

(d) By dynamic triaxial test, it is found that the maxi-
mum damping ratio of mixed soil increases with the
increase of rubber content, while the dynamic
modulus of elasticity decreases with the increase of
rubber content [104].

3.4. Properties of Rubber Modified Expansive Soil

3.4.1. Physical Properties of Rubber Modified Expansive Soil.
Expansive soil is a kind of high plastic clay mainly composed
of montmorillonite, illite, and other hydrophilic clay

Sand-rubber contact

Sand-sand contact

Rubber-rubber contact

Rubber content rises

Figure 2: Contact state of particles in rubber sand (modified from [87]).
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minerals [105]. It has adverse engineering properties such as
swelling and shrinkage and attenuation of water immersion
bearing capacity. It is extremely unstable. If untreated, it may
cause engineering accidents. In recent years, many scholars
have made a series of explorations to improve its properties
[106]. Compared to the plain expansive soil, the liquid limit
and plasticity index of the rubber modified expansive soil
increase, the plastic limit changes slightly, and the maximum
dry density decreases, but the optimal moisture content
remains the same [68, 107]. .is may be because the density
of rubber particles is small, which decreases the density of
rubber expansive soil. However, the addition of rubber will
reduce the stiffness of expansive soil, and Poisson’s ratio will
slightly increase with the increase of rubber content [108].
Some research results on the physical properties of expanded
rubber soils are shown in Table 7.

3.4.2. Mechanical Properties of Rubber Modified Expansive
Soil. .e mechanical properties of ESR are well studied,
including expansion characteristics, strength characteristics,
and unconfined compressive strength.

(a) Expansion and contraction characteristics
.e analysis of mechanical properties of expansive
soil is mainly obtained through the study of ex-
pansion force and expansion potential, so the ex-
pansion and contraction characteristics of expansive
soil are also included in the mechanical character-
istics for analysis. .e addition of rubber particles
can significantly reduce the swelling pressure,
compression index, and expansion index of expan-
sive soil [59, 112]. .is is due to the change of the
composition of expansive soil after mixing with
rubber particles..e content of hydrophilic minerals
in the expansive soil decreases, and the rubber
particles hinder the contact between soil particles
and water, which reduces the expansibility and
makes it easier to lose water, thus reducing the
shrinkage limit and reducing the shrinkage defor-
mation. .erefore, the improvement effect of rubber
particles on expansive soil is very significant
[68, 109].
Greatly affected by water, the swelling potential of
expansive soil is closely related to the initial water
content. .e swelling potential of unsaturated soil
depends on the distance from the fully saturated
state. For the same material, the denser and drier the
sample is, or the lower the initial moisture content is,
the greater the swelling potential is [113]. At present,
the main test methods for swelling shrinkage con-
solidation characteristics of expansive soil include
one-dimensional consolidation test [114, 115],
compaction test [59], and unloaded expansion rate
and shrinkage tests [68]. Due to the expansion re-
sistance provided by the contact between rubber and
soil particles, the incorporation of rubber can reduce
the expansion, contraction, and consolidation
characteristics of expansive soil.

(b) Strength characteristics
.e shear strength of the modified expansive soil
depends on the internal friction angle and cohesion
of the soil. At present, there is no unified under-
standing on whether rubber particles can increase
the shear strength of expansive soil. Some scholars
have found that the cohesion of rubber modified
expansive soil decreases with the increase of the
content of rubber, but the shear strength and internal

Table 6: Reinforcing effect of rubber on clay.

Test name Optimum
dosage (%) Effect Reference

Indoor one-dimensional
consolidation test 30 .e consolidation rate of clay can be increased by 400% by adding tire rubber

particles [90]

Dynamic triaxial test 6 .e addition of rubber significantly reduces the dynamic shear modulus of
clay, increases its damping ratio, and improves its seismic performance [94]

California bearing ratio test 10 Rubber can greatly improve the permeability and bearing capacity of clay and
reduce the thickness of pavement [93]

Unconfined compression
test 2 .e results show that the damping ratio, shear modulus, and UCS value of the

sample are increased by adding 2% rubber fiber with the length of 10mm [32]

Rubber content (%)
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Figure 3: Shear strength of the mixture of tire strips and loess
under different tire strip content (modified from [101]).
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friction angle change little, and the overall shear
strength decreases [68]. However, other scholars
have concluded that the internal friction angle is not
related to the rubber content, but the cohesion in-
creases and the overall shear strength increases
[39, 116], and the friction angle increases with the
increase of rubber content [111]..erefore, the shear
properties of rubber expansive soil need to be further
explored.

(c) Other mechanical properties
As for the mechanical properties of rubber expansive
soil, there are more researches on its unconfined
compressive strength. .rough the unconfined
compressive strength test, the influence of rubber
content, moisture content, and other factors on its
unconfined compressive strength is summarized. It
is found that the unconfined compressive strength
decreases with the increase of water content, in-
creases with the increase of rubber content, and
reaches the maximum at 20% and then has a
downward trend [110]. In addition, due to the wide
distribution of frozen soil in China, the influence of
freeze-thaw cycle on expansive soil is particularly
significant. Researchers have studied the character-
istics of expansive soil under freeze-thaw cycle and
used various methods to improve it. Among them,
under the condition of freeze-thaw cycle, it is found
that adding a certain amount of rubber particles can
reduce the expansion and contraction effect of ex-
pansive soil. Nevertheless, when the content is too
high, the expansion and contraction effect of ex-
pansive soil can be reduced..e change of volume of
rubber expansive soil is more affected by freeze-thaw
cycles than that of plain expansive soil [117].

To sum up, the researchers conducted a series of tests on
the physical and mechanical properties of rubber expansive
soil. It was found that the addition of rubber improves the

soil mechanical properties of expansive soil. It was con-
cluded that the optimal mixing amount of rubber is between
8% and 23%. Some research results are shown in Table 7. It is
urgent to improve the expansive soil, but the relevant re-
search in the field of rubber reinforced soil is not perfect,
which is an urgent problem to be solved. At present, re-
searchers still need to explore new methods to improve the
strength of expansive soil and to reduce its expansion and
shrinkage.

4. Application of Rubber Reinforced Soil in
Civil Engineering

4.1. Rubber Reinforced Soil Used as Isolation and Damping
Material. In recent years, the use of base isolation system
and energy dissipation materials has been proved to be an
effective means of structural seismic resistance. .e tradi-
tional isolation system usually achieves the seismic re-
quirements by increasing the structural strength and
ductility, while the new isolation and damping system fo-
cuses more on changing the structural stiffness and damping
ratio to reduce the seismic wave intensity reaching the upper
part of the structure [118].

Due to its light weight and large damping energy, rubber
is often used to reduce earthquake force and absorb
earthquake vibration [26]. When rubber reinforced soil is
placed around the building foundation, it is equivalent to an
isolation cushion. .e structural response can be reduced by
40–60% in terms of acceleration and interlayer displacement
[10, 119]. Compared with pure sand, rubber sand has higher
damping ratio and better damping characteristics, which has
positive significance for earthquake resistance, and the
damping ratio of dry sand is higher than that of saturated
sand [27, 120]. For medium- and high-rise buildings, rubber
sand can replace pure sand as foundation layer, which can
reduce foundation shear and maximum interlayer dis-
placement to 40% and 30%, respectively [121].

Table 7: Characteristics of rubber reinforced expansive soil.

Characteristic
Optimum

rubber content
(%)

Test method Conclusion Reference

Physical
characteristics 23 Compaction test, etc.

When the optimal moisture content remains
unchanged, the maximum dry density decreases,
and the liquid limit and plasticity index increase

[68]

Expansion and
contraction
characteristics

20/15 Load expansion, expansion
force, and shrinkage test

.e swelling index of expansive soil decreases with
the increase of rubber powder [59]

20
Expansion consolidation and
loading and unloading tests,

etc.

With the increase of rubber content, the liquid limit,
expansion potential, expansion pressure, and

maximum expansion time of soil gradually decrease
[109]

Strength
characteristics

20 Unconfined compression test

With the increase of rubber content, the increasing
trend of unconfined compressive strength gradually
disappears, and the strength reaches the maximum

when it reaches 20%

[110]

8 Triaxial shear test, etc.
.e cohesion decreases with the increase of rubber
content, and the friction angle increases with the

increase of rubber content
[111]
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At present, the cyclic triaxial test to test the seismic
performance of rubber reinforced soil has become a research
hotspot. .e test results show that the rubber with 10% sand
and 6% clay has good seismic isolation and shock absorption
performance [94, 120]. .e number of cycles also has an
impact on its seismic performance. It is found that, under
small vertical stress, with the increase of the number of
cycles, the energy absorption and damping effect of rubber
sand decrease, while, under large vertical stress, the influence
of cycle times is not significant [88].

.e authors of [10] proposed an isolation method suitable
for developing countries, which is similar to the traditional
structure seismic isolation system using laminated rubber
bearings and spherical sliding bearings. .e comparison can
be made as shown in Figure 4. .e vertical vibration level is
significantly reduced by using rubber soil and cushion (RSM).
.e authors also developed a finite element program tomodel
the dynamic response of soil-base-structure system to eval-
uate the effectiveness of the proposed method. .e possibly
low cost of these infrastructure protection methods can
greatly benefit impoverished countries where resources and
technology are inadequate for hazard mitigation using well-
developed, yet expensive, techniques [122, 123] that con-
ducted a series of large-scale underwater shaking table tests on
gravity caissons. .e compressibility and energy absorption
capacity of the cushion layer made of tire debris were used to
reduce the load of the retaining structure. .e test results
show that the method can significantly reduce the seismic
load and residual displacement of caisson bank wall. How-
ever, some researchers believe that the rubber reinforced soil
as a seismic isolation method will reduce the soil stiffness and
made stiffness reduce, which needs to be explored and im-
proved by more researchers.

4.2. Rubber Reinforced Soil Used as Light Backfill Material.
As a backfill material, rubber reinforced soil has the ad-
vantages of light weight, good water permeability, and good
deformation ability, which is conducive to improving the
deformation and drainage capacity of soil and reducing the
inertial force during earthquake. It can be used as new
backfill material and coastal coating material behind em-
bankment and retaining wall [49, 57, 99, 124, 125]. .rough
numerical analysis, it is found that the internal friction angle
has a great influence on the displacement, so the filling
materials with larger internal friction angle such as sand are
selected as far as possible in the construction of retaining
wall [43, 126]. Compared with pure sand, rubber sand, as a
lightweight backfill material, can reduce the horizontal
displacement and earth pressure of retaining wall to 50%∼
60%. .e deformation of geotextile filled with rubber par-
ticles is usually hardening. With the increase of rubber
content, the shear stress of the geotextile decreases
[44, 127–129]. Some researchers have compared the inter-
action coefficient of rubber sand mixture and pure sand
backfill. .e research shows that the rubber sand mixture
with 30:70 weight ratio has the highest tensile strength and
shear strength, which is due to its highest shear strength and
highest dry density [130].

At present, in addition to the use of rubber sand as
retaining wall and backfill material, the research hotspot is
also the performance of rubber expansive soil mixed as
subgrade [131–133]. .e test results show that the incor-
poration of tire particles effectively increases the shear and
compressive properties of soil and each performance is
positively related to the curing age. However, rubber clay is
better not to be used when drainage is needed to prevent the
development of pore pressure during the filling sandwich
under saturated conditions [31], and when rubber reinforced
soil improves foundation eccentricity and foundation
bearing capacity [51, 134, 135], it is not suggested to be
applied. .e authors of [136] studied the simulation of
seawall reinforced by waste tire debris..rough comparative
analysis, it was concluded that the stress-strain relationship
of seawall reinforced with rubber is significantly reduced
compared with that of unreinforced seawall, which was a
feasible method.

To sum up, rubber reinforced soil as a lightweight
backfill material can be used for backfill of retaining wall,
improvement of foundation settlement, embankment filling
and seafloor reinforcement, etc., as shown in Table 8.

4.3. Rubber Reinforced Soil Used as Landfill Liner. Adding
rubber particles into the clay liner can reduce the density.
When the rubber content is large, the pad adsorption ca-
pacity increases. However, in order to reduce the perme-
ability of the liner, the amount of rubber should be
controlled within a certain range [137]. Comprehensive
consideration of various properties, it is concluded that the
optimal dosage of rubber powder modified clay with 12
mesh and 25% rubber powder can be used as landfill clay
liner material [69].

.e authors of [138] added tire debris into sand ben-
tonite mixture. .rough consolidation test, it was proved
that rubber debris can significantly improve the shear
strength and hydraulic conductivity of the mixture. 10% of
rubber debris can be used as landfill liner, and 15% of tire
debris can be used for landfill cover. .e surface structure of
rubber fragments before and after shearing is magnified by
500 times by electron microscope, as shown in Figure 5.
Obvious microcracks appear on the surface wall of rubber
after shearing, which is closely related to the tensile force of
rubber fragments. Some data show that the use of rubber
debris to suppress dry cracks in the clay lining of landfills can
be reduced by 40%∼80% [139].

.e addition of rubber increases the effective cohesion
and effective internal friction angle of sand bentonite
mixture. In addition, increasing the content of rubber debris
can also improve the hydraulic conductivity and consoli-
dation coefficient of rubber reinforced soil, which are im-
portant factors affecting landfill liner materials [140].

5. Current Problems and Prospects

As a new technology of soil reinforcement, rubber reinforced
soil needs to be further explored by researchers, and the
main research problems are as follows:
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(1) For rubber reinforced soil, compaction is an im-
portant step in production and placement. In this
case, the maximum dry density decreases with the
increase of rubber content, which is inconsistent
with the trend of optimummoisture content studied.
With the gradual maturity of rubber reinforced soil
system, it is necessary to use a simple and effective
method to fully predict its compaction performance
to facilitate the designing of reliable rubber rein-
forced soil without laboratory compaction test.

(2) In terms of reinforcement methods, rubber content
is the main source of soil improvement, but the
geometric properties of rubber also play an impor-
tant role. However, most of the tests are aimed at
studying the influence of rubber content on soil, and
the research on the influence of rubber size on soil
has not formed a consensus.

(3) From the perspective of soil types, scholars have
relatively completed research on the shear
strength and dynamic characteristics of sand
mixed with rubber, and there are also relevant
engineering applications; however, for other
types of soil, such as expansive soil, which has
adverse effects on the project,. studies are
insufficient

(4) For soil properties, there is a lack of in-depth study of
soil physical properties..emechanical properties of
soil, such as shear strength, have been studied by
predecessors. .e physical properties and how to
balance the relationship between strength and other
properties in practical engineering application are
also worth discussing, because the strength of rubber
particles is not high in most cases compared with soil
particles.

Table 8: Application of rubber reinforced soil as backfill.

Application Types of soil Characteristic Reference

Backfill of retaining
wall Sand

.e retaining wall is made of hollow rectangular steel, and the mixture of different
particle sizes is used as backfill material. .e horizontal displacement and horizontal
earth pressure can be reduced to 50–60% of the horizontal displacement and horizontal

earth pressure of the control box.

[44]

Improving the
foundation Sand

.e addition of waste rubber particles significantly improves the load settlement
characteristics of eccentric load footings. .e recommended maximum tire debris

content is 30%.
[135]

Subgrade filling Expansive
soil

From economical perspective, the best content of rubber particles should not exceed
15%. [132]

Seawall
reinforcement Silty clay .e horizontal displacement of the embankment is greatly reduced, and the horizontal

stress of the embankment is greatly reduced. [136]

Laminated rubber bearing Spherical sliding bearing

Rubber-soil mixtures Geosynthetic liner
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Figure 4: Recommended isolation system classification (modified from [10]).
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(5) Whether the rubber reinforced soil will have adverse
effects on the environment in the long run has not
been fully recognized in the literature.

To sum up, future research on rubber reinforced soil can
focus on the influence of different sizes of rubber on soil
properties, the physical properties of expansive soil such as
expansion, contraction, and consolidation, and the dura-
bility of rubber soil. It is expected that scholars can actively
explore and make a breakthrough in the research and ap-
plication of rubber reinforced soil.

6. Conclusion

In this paper, the new progress of rubber reinforced soil
technology in recent years is reviewed. .e methods and
effects of rubber reinforcement in different soils are intro-
duced from the aspects of rubber types, reinforcement
methods, and physical and mechanical properties. At the
same time, this paper introduces the practical engineering
application related to rubber reinforced soil, in order to
understand the new development trend of rubber reinforced
soil technology and explore the research direction. .e
incorporation of rubber can improve the shear strength,
unconfined compression strength, and compression con-
solidation characteristics. .e main research results are as
follows:

(1) .e results show that the bearing capacity and shear
strength of the soil treated with rubber reinforce-
ment are improved in varying degrees. For sand, the
addition of rubber with good elasticity can restrain
the interparticle dislocation of sand particles, obtain
a certain cohesion, and effectively improve the
physical and mechanical properties of sand.

(2) Rubber reinforcement can effectively improve the
deformation characteristics of cohesive soil. For
expanded rubber soil, rubber can surround the soil
particles and reduce the expansion and contraction
characteristics of expansive soil. When rubber
powder particles with similar particle size are added

into the soil, an interconnected network structure is
formed to increase the cohesion. (3) .e amount of
rubber is an important factor affecting the rubber
reinforcement, but the influence of rubber size on the
properties of rubber reinforced soil is not significant.
Under different test conditions, there is an optimal
content to take the advantages of rubber
reinforcement.

(4) Rubber reinforced soil provides a new way for the
recovery and reuse of waste tires. .e density of tire
rubber is small, and it can be used as light filler to
reduce settlement after mixing with different soils.
Also, rubber has large elasticity and good energy
absorption capacity, which can be used in isolation
cushion, landfill liner, embankment abutment, and
other projects. However, considering that the
components of tire derived products contain heavy
metals, whether it will have adverse effects on the
environment when reused or exposed to the air and
whether the elasticity of rubber will fail need further
research.

(5) Rubber reinforced soil, as a new type of geotechnical
material, lacks a generally accepted standard.
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