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Review on the role of rubber on the performance of

concrete

ABSTRACT

Due to the rapid development of the vehicle manufacturing industry, the hazards caused by scrap tire
rubber have become one of the serious problems faced by people today. Rubber concrete is made of
scrap rubber into different particle size added to ordinary concrete formed in a new type of composite
material, for the disposal of waste tire rubber opened up a new road, so that scrap rubber can be
reused. Rubber concrete compared to ordinary concrete has Light weight, good elasticity, high tough-
ness, ductility, impact resistance, good damping, good frost resistance, but its strength is reduced.
From the perspective of mechanical properties, durability and modification treatment, the article intro-
duces the research progress of its compressive strength, frost resistance, carbonation resistance,
modification treatment, etc., which provides a method for rubber concrete to be used in a wider range
of practical projects.
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1. INTRODUCTION

With the accelerated development of the automobile manufacturing industry, more and more worn-out
tires are produced, and the decomposition of rubber itself is difficult to complete under natural condi-
tions, which not only occupies a large amount of land, but also brings great pollution to the environ-
ment. If the waste rubber can be ground instead of fine aggregate in concrete, not only can save the
construction cost, but also help to alleviate the problem of environmental pollution, is a kind of green
sustainable development way of utilization.

Rubber concrete is a cementitious composite material made by mixing rubber powder or rubber par-
ticles with concrete as the matrix. Ordinary concrete ductility, fatigue, impact resistance and other
properties are poor, while the rubber has good ductility and toughness, rubber as an aggregate mixed
into the concrete can better improve the ductility of concrete, fatigue, impact resistance and other
properties. Therefore, in recent years, many scholars in the field of civil engineering materials at home
and abroad have carried out extensive and in-depth research on rubberized concrete, and achieved a
large numberof research results. This paper combines the current status of rubber concrete research
at home and abroad, mainly introduces the mechanical properties and durability of rubber concrete,
points out the shortcomings of the current rubber concrete research, and puts forward the future re-
search direction of rubber concrete, in order to provide reference for the application of rubber concrete
in the field of civil engineering.

2. Advances in Mechanical Properties of Rubberized Concrete

Domestic and foreign scholars agree that rubber in concrete will reduce its compressive strength, flex-
ural strength, tensile strength and modulus of elasticity, and reduce the magnitude of rubber mixing
increases with the increase in the magnitude of the increase, which is mainly attributed to the hydro-
phobicity of the rubber surface leads to the adhesion between the rubber and the cement mortar is
poor elasticity modulus of rubber is also much smaller than that of natural aggregates.

2.1 Effect of rubber admixture on mechanical properties of concrete

Eldin et al [3] studied the mechanical properties of rubberized concrete with 100% rubber substitution
and found that the compressive strength was reduced by 65% and the split tensile strength was re-
duced by 50%; both normal concrete and rubberized concrete showed extremely brittle characteristics,




with a very short time from crack generation to overall damage. The difference is that after the damage
of ordinary concrete, the fracture surface is more flush than that of the concrete with rubberized aggre-
gates, and the sound is crisp; the latter has a more jagged fracture surface and a lower sound. Its flex-
ural strength decreases with increasing particle size.

Hu Yanli [4] analyzed the basic force properties of rubber concrete by using different rubber substitu-
tion rates, and concluded that when the rubber substitution rate is 40%, the uniaxial compressive
strength decreases by 60.67%, and the split tensile strength decreases by 58.38%, and that the rubber
concrete is able to ensure relatively stable strength and good deformation properties, and at the same
time, it is able to exert the advantages of rubber concrete as much as possible.

Zheng Xiuhua et al [5] conducted compressive tests with two different particle sizes (40 mesh and 60
mesh) of rubber powder replaced by 5%, 10%, 15%, 20%, 25%, and 30% of the volume content of fine
aggregate, respectively. The results showed that the compressive strength of concrete formulated with
rubber of different particle sizes were all inversely proportional to the rubber content and directly pro-
portional to the particle size.

2.2Effect of rubber particle size on mechanical properties of concrete

Rubber particle size also plays an important role in affecting the mechanical properties of concrete.
Some foreign scholars think that the strength and stiffness of concrete under the same rubber dosage
decreases with the increase of rubber particle size, while some scholars in China think that the smaller
the particle size is under the same dosage, the lower the strength and stiffness, the cause of the disa-
greement may be due to the differences in the mixing sequence, slump, curing conditions, gradation or
chemical composition of the rubber used by these scholars during the test. From the theoretical point
of view, the smaller the particle size of the rubber, the larger the specific surface area, the more weak
interfaces are formed with the cement matrix, so the smaller the particle size under the same dosage,
the more the strength and stiffness decrease is caused.

Yan Zhizhuo [6] on different particle sizes of different volume fractions to replace the fine aggregate
rubber concrete compressive flexural test, analyze and compare the rubber particle size and volume
fraction of the impact on the compressive and flexural properties of the concrete material, for rubber
particles of different particle sizes, the same admixture of the concrete, the cubic compressive strength
of the concrete with the particle size of the larger become smaller; 40 purposes of the compressive
strength of the concrete in several admixtures are consistently greater than the other two rubber par-
ticle sizes of the concrete, presumably due to the reason for the size of the particles is too small, close
to the powder, so that the internal structure of the concrete by the rubber to fill the position of the very
small gaps, so that the strength of the strength of the decline in the lesser.

Feng Lingyun et al [7] configured concrete with rubber particle sizes of 3mm to 6mm, 1mm to 3mm and
60 mesh, respectively, and its flexural strength decreased by 19.6%, 16.7% and 22.2%, and concluded
that the correlation between flexural properties of rubberized concrete and rubber particle size is not
very large, and that the flexural properties of rubberized concrete are inversely proportional to the
amount of rubber admixture. Effect of rubber modification on mechanical properties of concrete.

Cao Hongliang, Shi Changcheng, etc. [8] after different curing time, measure the strength of different
particle size rubber formulated concrete compression, concluded that for different curing time are: the
addition of rubber for the concrete compressive properties are unfavorable, the rubber concrete com-
pressive strength is directly proportional to the size of rubber concrete compressive strength with the
fastest increase in the curing time of the rubber rubber concrete compressive strength of rubber con-
crete with the configuration of the rubber of the large particle size.

3. PROGRESS IN RESEARCH ON THE DURABILITY OF RUBBERIZED CONCRETE

The durability performance of concrete refers to the ability of concrete to resist the action of environ-
mental media and maintain its good serviceability and appearance integrity for a long period of time, so
as to maintain the normal and safe use of concrete structures [9]. Rubber concrete, as an emerging
civil engineering material, with the increasing maturity of the research on its mechanical properties,



scholars have extended the research direction to the durability performance. This paper focuses on the
frost resistance and carbonation resistance of rubber concrete.

3.1Anti-freezing properties

Wen Yang [10] conducted rapid freeze-thaw cycle tests on rubberized concrete and ordinary concrete.
With the increase of rubber powder dosage, the concrete quality and dynamic elastic modulus showed
a decreasing trend, and the dosage of rubber powder improved the freezing resistance of concrete,
and the proportion of harmful and multi-hazardous holes in rubber concrete after 300 freeze-thaw
cycles was 37.97%, compared with the ordinary concrete after 300 freeze-thaw cycles of harmful and
multi-hazardous holes less than 14.27%, and the internal structure of rubber concrete was more
dense. The relative dynamic modulus of elasticity of rubberized concrete with 0.18 mm decreases
more slowly than that of concrete with 0.425 mm and 0.125 mm, and the frost resistance is better.

Chunfeng Yang [11] explored the effect of changing the strength class of concrete and volume fraction
of sand replaced by rubber particles on the frost resistance and resistance to chloride ion penetration
of rubberized concrete.For high strength concrete with strength class C60 and C70, the rubber par-
ticles admixture led to a decrease in the frost resistance of the concrete, which was attributed to the
fact that the weak surface between the rubber particles and the cement stone increased the possibility
of frost heave, and the rubber The reason is that the weak surface between rubber particles and ce-
ment stone increases the possibility of frost expansion, and the pressure relief effect of rubber particles
is not as obvious as that of normal strength concrete. The incorporation of rubber particles improved
the resistance of rubberized concrete to chloride penetration, and the best results were obtained at a
volume fraction of rubber particles of about 8%.

Yao Weijing[12] studied the deterioration process of apparent phenomena, spalling amount, compres-
sive strength loss and other performance indexes within 60 cycles of salt freezing by preparing ordi-
nary concrete and rubber/concrete matrix, the results showed that with the increase of the number of
cycles of salt freezing, the more significant surface corrosion of concrete specimens, the increase in
the amount of spalling, the internal damage, strength loss is gradually aggravated, but the mixing of
elastic rubber fine aggregates effectively alleviate the internal cracking and pore enlargement caused
by the freezing pressure, the degradation degree of rubber/concrete matrix is better than ordinary con-
crete at all stages, with 10% rubber dosing of each performance index is optimal, after 60 cycles of salt
freezing. Cracking and pore enlargement caused by icing pressure, the degradation of rubber/concrete
matrix is better than that of ordinary concrete at all stages, and the rubber dosage of 10% is optimal for
all the performance indexes, and the loss of compressive strength of ordinary concrete is 58.5% after
60 cycles of salt freezing and the loss of compressive strength of rubber concrete is 48.0%.

Wang Tao [13] studied the freeze-thaw durability of concrete with 80 mesh rubber powder at four do-
sages (0, 30, 60, 90 kg/m3). Rubber powder improved the freeze-thaw resistance of concrete signifi-
cantly, and the higher the dosage, the better the freeze-thaw resistance of concrete. Rubber powder
improves the frost resistance of concrete for two reasons: increasing the air content of concrete and 80
mesh rubber powder itself can improve the frost resistance of concrete.

3.2 Carbonation resistance

Carbonation damage of concrete refers to the reaction of hydration products in cement stone with CO2
in the air to generate carbonates and other substances, which changes the internal structure of con-
crete, lowers the pH value of cement concrete, and makes steel reinforcement more susceptible to
corrosion, thus affecting the durability performance of concrete structures.

Yuan Qun [14] investigated the effects of carbonation time, different particle sizes of rubber particles
and mixing amount on the carbonation resistance of rubber concrete. The results show that: after 3 d
of carbonation, the carbonation depth of concrete mixed with 1~3mm rubber particles and 60 mesh
rubber powder is reduced by 40% compared with that of the reference concrete, and the concrete
mixed with 3~6mm rubber particles is closer to that of the reference concrete; after 7 d and 14 d of
carbonation, the carbonation depth of concrete mixed with small particles of rubber and powdered
concrete is close to that of the reference concrete, and that of concrete mixed with large particles of
rubber increases, but there is no significant difference; after 28 d of carbonation, the depth of carbona-



tion of concrete mixed with small particles of rubber and powdered concrete is close to that of the ref-
erence concrete, and the concrete mixed with large particles of rubber increases, but there is no signif-
icant difference. After 28 d of carbonation, the carbonation effect of concrete mixed with small rubber
particles is better in the range of 15% to 20%, the carbonation depth of concrete mixed with large rub-
ber particles is larger than that of the reference concrete, but there is a tendency to decrease with the
increase in the amount of rubber particles, and the carbonation effect of concrete mixed with rubber
powder is poorer.

Yu Qun [15] investigated the effects of rubber particles with volume fractions of 5%, 10% and 15% and
rubber particle sizes of 2~4mm, 30~40 mesh and 60~80 mesh on the carbonation resistance of con-
crete. The test results show that: the rubber particles have adverse effect on the carbonation resis-
tance of concrete in the early stage, but improve the carbonation resistance of concrete in the later
stage; different rubber particles particle size and dosage have different effects on the carbonation re-
sistance, the optimal dosage of rubber particles is 10% by volume, and the smaller the size of the par-
ticles, the better the effect.

Li Kecheng [16] studied the effect of rubber powder mixing amount and carbonation time on the carbo-
nation depth, and strength index of concrete after carbonation through experiments. The test results
show that the rubber powder on the depth of carbonation, carbonation compressive strength and flex-
ural strength of the influence of the law is not obvious, when the dosage is less than 10%, the concrete
carbonation mainly occurs after 14 d, and when the dosage is greater than 20% of the carbonation
accelerated from the beginning of the 7 d. The more the rubber powder dosage, the greater the folding
compression ratio of the carbonated concrete, and the better the bending toughness of the concrete.

4. Effect of rubber modification on mechanical properties of concrete

Rubber particles to replace sand blended into the concrete, can improve the toughness and impact
resistance of concrete, but also has sound insulation and good anti-cracking properties and other ad-
vantages, but with the increase of rubber mixing, concrete compressive strength loss of nearly half. At
present, rubber concrete has been successfully applied to highways, bridges and railroads and other
fields of engineering examples, but its low strength defects limit the large-scale application of rubber
concrete, and rubber and cement matrix bonding interface is smooth,, easy to cause defects in the
internal interface, resulting in rubber concrete interfacial transition zone bonding performance is fragile.
For this reason, some scholars have proposed to modify the rubber to improve the mechanical
strength of rubber concrete [17].

Zeng Lei [18] conducted a comparative analysis of the damage morphology, compressive strength and
flexural strength of rubber concrete with different fiber admixture through axial compressive test and
flexural test, and the admixture of PVA fibers can effectively alleviate the attenuation tendency of the
strength of rubber concrete, and the optimal admixture is controlled at about 1%, which effectively im-
proves the internal interfacial defects of rubber concrete.

Zheng Lijuan [19] et al. experimentally investigated the effect of different modified treatments of waste
rubber by NaOH solution and maleic anhydride on the mechanical properties of concrete. The results
showed that the 28 d flexural strength of rubber concrete modified by NaOH solution and maleic anhy-
dride increased by 11.4% and 5% respectively, the flexural compression ratio increased by 14.3% and
9.5% respectively, and the bond strength increased by 3% and 16v respectively, which indicated that
the modification effect of NaOH solution was better than that of maleic anhydride.

Wuwei Li [20] and others experimentally investigated the effect of different amounts of KH550 and Si-
69 coupling agent modified treated waste rubber on the mechanical properties of concrete. The results
showed that within a certain range, with the increase of coupling agent dosage, the tensile strength
and elongation at tear of rubber concrete increased gradually, and a turning point occurred when the
dosage (mass fraction) of KH550 was 1.5%, and a turning point occurred when Si-69 coupling agent
was 1.0%. That is to say, it shows that within a certain range, with the increase of the amount of coupl-
ing agent, the modification effect is enhanced, and beyond the range, the modification effect is wea-
kened.



5. CONCLUSION AND OUTLOOK

The environmental hazards of waste rubber have become one of the serious problems facing people
today. The birth of rubber concrete has added to environmental protection, not only making large use
of waste tire rubber, which is known as black waste, but also improving the performance of concrete.
Through the unremitting efforts of researchers at home and abroad, many advantages of rubberized
concrete have been discovered, enabling it to be used as a building material in daily life. This paper
focuses on the current status of research on the basic mechanical properties of rubber concrete, frost
resistance, carbonation resistance, and rubber modification methods. Although the incorporation of
rubber particles will reduce the strength of concrete, it can effectively improve the anti-freezing proper-
ty of concrete, which makes rubber concrete have a better application prospect in road traffic engineer-

ing.

However, there are still many aspects of this new building material that need to be studied in depth,
such as the effect of dynamic and cyclic loading on the performance of concrete components; the cost-
effectiveness of rubber surface modification; the compressive strength of rubberized concrete, flexural
strength and split tensile strength and other mechanical indicators of the relationship between the de-
termination of the aspects of the study.Rubber concrete in mechanical properties, carbonation resis-
tance and other aspects of the shortcomings in a certain degree to limit the scope of its application,
and due to the specificity of rubber such as easy aging, affected by the temperature, etc. makes the
rubber concrete microcosmic situation and unadulterated rubber concrete is very different, how to
achieve efficient resource utilization of waste rubber is also a problem to be considered. In this regard,
it is necessary to take certain measures to improve the mechanical properties and carbonation resis-
tance of rubber concrete, and to increase the utilization rate of waste rubber, such as modification of
rubber particles, the addition of mineral admixtures, etc., which requires a large number of socially
responsible researchers to further explore and observe, and to contribute to the sustainable develop-
ment of resources and the environment.
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