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Abstract 
The spread of vehicles has led to the accumulation of a large number of waste tires, so 
the reuse of waste tires is a common concern around the world. The applications of waste 
tires can be divided into retreading and reuse, the production of tire-derived materials 
and engineering applications. Applications in civil engineering include the overall 
application of tires and the production of rubber granules for reuse, with rubber 
granules in particular being the most widely used cementitious material. This paper 
summarizes the application of waste tire rubber granules in cementitious materials and 
analyses the interfacial treatment of waste rubber granules, which has certain guiding 
significance for the subsequent related research. 
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1. Introduction 

With the continuous progress of human society, as a universal means of transportation, the car has 
greatly facilitated people's travel, however, with the continuous depreciation of vehicles, more and 
more waste tire accumulation has evolved into another urgent problem to be solved worldwide. The 
U.S. adds 290 million new scrap tires each year, and together with undisposed of used tires in stock, 
more than 80% are recycled or reused each year. Japan adds nearly 100 million new waste tires each 
year. There are 21 tire recycling companies and 40 factories engaged in the tire retreading business 
throughout Japan. In 2013, China added 299 million new waste tires annually, with a total weight of 
10.8 million tons, and is expected to generate 20 million tons of waste tire rubber in 2020, as shown 
in Figure 1. At present, although the application of waste tire rubber has attracted widespread attention 
from scholars, the utilization rate of waste tires in China is low compared to some developed countries, 
with a recycling rate of less than 50%. For this reason, how to deal with the growing number of waste 
tires is closely related to the people's living environment and is directly related to the process of 
modernizing ecological civilization in China. 

 

 
Figure 1. Accumulation of waste tires 
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The application of waste tires in civil engineering, early research focused on the overall application 
of waste tires, the treatment of soft ground foundation to improve its stability and long-term 
settlement, the application of lightweight materials for retaining walls, and the reduction of earth 
pressure. With the development of tire treatment technology, waste is processed into fragments of 
different shapes and particle sizes, and the research application has expanded to more fields. Due to 
its light weight, good thermal insulation performance and water permeability, a large number of 
studies have been used as alternative materials in cement concrete and asphalt concrete, so the study 
of waste rubber tires in cement-based materials is of great significance. In this paper, the application 
of waste rubber particle cement-based materials and the interface treatment of waste rubber particles 
are summarized. 

2. In Terms of Interface Processing 

Waste rubber belongs to organic polymer materials, and the distribution on the surface of rubber 
particles is mostly non-polar macromolecules, which are hydrophobic materials and have a large 
contact angle with water. In cement-based materials, rubber particles have poor binding to inorganic 
cementitious materials, which greatly reduces the comprehensive mechanical properties of rubber 
cementitious materials [1]. To this end, how to modify the surface of rubber particles to increase the 
bonding strength between them, so as to solve the problem of weak bonding interface of rubber 
cement-based materials [2], which is the premise of safe and durable use of rubber cement-based 
materials. Previous studies [3-4] have shown that the modification of rubber particles is mainly 
carried out from two aspects: physical modification and chemical modification. Physical modification 
mainly includes cleaning, high-temperature activation treatment and increasing the interfacial binder 
three methods, which can remove the hydrophobicity and impurities covered by the surface of rubber 
particles, increase the activation site on the surface of rubber particles, and improve the interfacial 
bonding strength between rubber particles and cementitious materials. Chemical modification is 
mainly through chemical reactions to introduce hydrophilic groups or organic components on the 
surface of rubber particles to achieve the close bonding of rubber particles and cementitious materials. 
Chemical modification modifies the surface structure of rubber particles from the molecular point of 
view, so that the combination of rubber particles and cementitious materials not only exists in a 
physical way, but has a better modification effect, but the chemical modification and mechanism of 
rubber particles need to be studied in depth. 

Fan Lulu [5] conducted an experimental study on the road performance of waste tyre granules. The 
results showed that the compressive strength of concrete decreases as the rubber admixture increases, 
the flexural tensile modulus and flexural strength decrease significantly after the rubber is greater 
than 10% admixture, and the impermeability increases at 10% admixture, and the 10% rubber 
admixture was determined to be its optimum admixture. The surface treatment of rubber particles by 
using NaOH solution, silane coupling and water washing treatment was compared and analyzed, and 
it was concluded that water washing treatment could substantially improve the compressive strength 
of cement mortar and was the best rubber interface treatment method. Yang Changhui [6] studied the 
effects of NaOH pretreatment and rubber admixture on water absorption, capillary porosity, drying 
shrinkage and mechanical properties of concrete. The results showed that the concrete prepared by 
adding rubber pretreated with NaOH had lower water absorption, capillary porosity, brittleness and 
higher flexural strength, and the modification effect of pretreatment on the above properties of rubber 
concrete was related to the water-cement ratio, and the modification effect was better when the water-
cement ratio was higher. Liu Juanhong [7] studied the impact of pumping agent surface treatment of 
rubber particles on the strength of concrete, elastic modulus and damping ratio, the test results show 
that: the interface treatment agent can improve the weak layer of rubber particles and cement matrix 
interface, the addition of surface treatment of rubber particles, can significantly increase the damping 
ratio of concrete, mixed with 15% surface treatment of rubber particles concrete, strength loss is not 
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significant, elastic modulus decreased 13%, the damping ratio increased by 34 % and the seismic 
performance was improved. 

Wang Linzhao [8] analyzed the causes of rubber floating phenomenon in cement-based materials, 
analyzed the failure probability of rubber aggregate concrete based on the weakest chain model, and 
expounded the influence of rubber particle floating on the compressive strength of concrete and the 
distribution of cracks when compressed. The method of doping superabsorbent resin (SAP) and low-
temperature frozen rubber particles is proposed to improve the floating of rubber particles in self-
compacting cement-based materials, and the addition of SAP can effectively reduce the floating 
situation of rubber particles, so as to meet the requirements of self-compacting. SAP has different 
degrees of improvement on the strength, crack resistance and shrinkage resistance of cement-based 
materials. Liu Rixin [9] studied the influence of waste rubber particles on the plasticity, toughness, 
compressive strength and flexural strength of cement concrete, and studied the mechanism of NaOH 
pretreatment on rubber surface and the mechanism of action of silane coupling agent KH550 and 
concrete by scanning electron microscopy (SEM) and infrared spectroscopy (FTIR) microscopic 
analysis methods. It is concluded that the use of silane coupling agent KH550 has the best effect on 
the interface between rubber particles and concrete, and when waste rubber particles with volume 
fraction of 6%~10% are incorporated into the concrete, its plasticity and toughness effect are better. 
Liu Yugui [10] studied the properties of modified rubber concrete through bonding strength test and 
compressive strength test, and used urea and NaHSO3 modifiers to ammoniate and sulfonate rubber 
particles. The hydrophilic properties of modified rubber and the microscopic failure characterization 
morphology of rubber concrete were analyzed by Fourier infrared spectroscopy and scanning electron 
microscope (SEM), and the results showed that ammoniated modification introduced carbonyl groups 
and amino groups on the surface of rubber particles, and sulfonation modified introduced hydroxyl 
and sulfonic acid groups on the surface of rubber particles. The bonding strength of rubber and cement 
slurry modified by ammoniated modification and sulfonation was increased by 44% and 53%, 
respectively, the contact angle with water was reduced, and the compressive strength of modified 
rubber concrete was improved. SEM results show that the introduction of polar hydrophilic groups 
can effectively improve the problem of weak bonding interface between the two, improve the bonding 
performance between rubber particles and cementitious materials, and then enhance the strength of 
rubber concrete. 

3. In Terms of Waste Rubber Cement-based Materials 

The physical and chemical properties of waste tire rubber granules are stable, the surface is rough, 
the apparent density is close to water, and the cement paste has a better bond than fibers, which can 
be more evenly distributed in the concrete. Although the admixture of rubber granules will reduce the 
strength of the concrete, the toughness, deformability, impact resistance and frost resistance of the 
concrete will be significantly improved. It has potential engineering applications in structures with 
low strength requirements but more stringent crack and seepage resistance. 

Kong Desen [11] studied the influence of unconfined compressive strength of waste tire rubber 
particle mixture (RST mixed soil) under different factors. The results show that the unconfined 
compressive strength of RST mixed soil increases with the extension of curing age, and the curing 
age of RST mixed soil with a gray soil ratio of about 10% is particularly sensitive. The unconfined 
compressive strength of RST mixed soil also decreased with the increase of the cement-to-soil ratio 
and increased with the increase of the gray-to-soil ratio. The optimal water-soil ratio corresponding 
to the unconfined compressive strength of RST mixed soil is about 25%. Xin Ling [12] studied the 
relationship between the ratio and strength of the waste tire rubber particle mixture, and analyzed the 
effects of rubber particle content, cement content, water content and curing age on the unconfined 
compressive strength of the mixed soil, as well as the effects of rubber particle content and cement 
content on the stress-strain curve morphology. Experimental studies have shown that the strength and 
workability of the mixed soil can be adjusted with proper proportion, so as to determine the theoretical 
basis of rubber mixture as a new material. Liu Hanlong [13] proposed that as a new type of lightweight 
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and high-strength filling material, the results showed that the stress-strain curve of RST lightweight 
soil transitioned from softened to hardened with the increase of rubber particle content. From the 
perspectives of strength mechanism and soil skeleton structure, the influence of material ratio on 
shear strength index and pore water pressure coefficient is explained, and the applicability of linear 
fitting of the strength of RST light soil with gray soil ratio is demonstrated. 

Zhu Tengkuo [14] studied the mechanism of action and microstructure of rubber particles and mud 
matrix through X-ray diffraction test and mercury pressure test, and the results showed that the 
incorporation of rubber particles would slow down the cement Ling Tianqing [15] and the effect of 
adding rubber particles on the water stability, wear resistance and other road properties of the slurry 
mixture was compared and analyzed. The vertical vibration attenuation characteristics of tires on 
rubber particle micrometers were studied. The results show that the oil-to-stone ratio of the rubber 
particle mixture needs to be increased by about 1%, and the initial strength is slightly reduced. There 
is a small decrease in initial intensity; The vibration attenuation coefficient of the asphalt pavement 
added to the micro surface with a rubber particle content of 2%~5% is increased by 3%~13%, and 
the vibration attenuation coefficient of the cement pavement can be increased by 16%~24%. Wang 
Fengchi [16] proposed to forcibly stir soil, rubber powder, cement, etc. to form a new cement-soil 
composite - rubber cement soil (RCS). The influence mechanism of cement content, rubber powder 
content and rubber powder particle size on the strength of rubber cement soil was analyzed by 
laboratory experiments. It is concluded that the stress-strain curve of rubber cement soil basically 
goes through three stages: elasticity, elastoplastic and plasticity, and the peak strain is higher than 
that of cement soil. It is shown that rubber powder acts as a soft elastomer in cement soil, which can 
alleviate the occurrence and propagation of internal primary cracks, thereby improving and improving 
the plastic deformation performance of cement soil. Liu Feng [17] used the Fuller formula to 
randomly discretize rubber concrete into two-dimensional aggregates composed of coarse aggregate, 
rubber aggregate and cement mortar, and established a random distribution aggregate model of rubber 
concrete. Considering rubber concrete as a mixture of ordinary concrete and rubber particles, the axial 
compressive strength of rubber concrete was numerically analyzed by finite element method, and the 
meso-stressed distribution and changes during the loading process of the model were analyzed, which 
better reflected the mechanical characteristics of rubber concrete under uniaxial action. 

Zhang Jingwei [18] mixed rubber materials into cement products in the form of sheets, particles and 
powders, and studied the impact resistance of three forms of rubber cement products through indoor 
drop weight impact test and flexural strength experiment. The results show that with the incorporation 
of different forms of rubber, the impact resistance of the corresponding cement products can be 
improved to different degrees, and the impact resistance of the rubber material is best improved when 
the rubber material is distributed in the form of a sheet in an appropriate position to the cement product 
under the same dosage. Kang Jingfu [19] studied the crack resistance and bending deformation law 
of rubberized concrete. The results show that the addition of rubber particles can improve the plastic 
deformation ability of the mortar specimen and concrete specimen during the bending process, and 
the specimen will not produce brittle fracture., but ductile failure of the specimen after reaching 
plastic deformation. Compared with ordinary concrete, the limit deformation value of mortar 
specimens and concrete specimens when they are destroyed is greatly improved. Zhou Mei [20] 
incorporated rubber particles into plastic concrete to partially replace bentonite and clay in plastic 
concrete. The results show that when the volume content of cementite replaced by rubber particles 
exceeded 8.90%, the strength and elastic modulus of plastic concrete began to decrease significantly. 
When the rubber particles over-replace bentonite and partially replace clay with a volume content of 
8.64%, the workability of the plastic concrete mixture, concrete strength, elastic modulus and 
permeability coefficient can meet the engineering design requirements of the impermeable wall, and 
the workability of the mixture and the operability of the construction are significantly improved. Yu 
Yong[21] According to the micromechanical model, the rubber cement mortar is regarded as a three-
phase composite material composed of rubber, mortar and the transition zone interface between the 
two, the transition zone interface is regarded as a high-porosity mortar layer formed by rubber 
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introduced into the pores, and the mortar is regarded as a two-phase composite material composed of 
sand and cement stone. Considering the influence of rubber aggregate content and the difference of 
rubber air entrainment effect of different particle sizes, the elastic modulus of rubber cement mortar 
was calculated layer by layer by using the elastic modulus calculation model of binary composite. 
The difference between the predicted elastic modulus of rubber aggregate cement mortar and the 
experimental measured value is compared, and the rationality of the prediction model is verified. 

4. Conclusion 

A large number of experts and scholars have conducted research on the application of waste tire 
rubber granule cement-based materials and achieved a large number of experimental results, but there 
is less research related to the mechanical model of your waste rubber cement-based materials, etc. 
The interface treatment technology for waste rubber granules mainly focuses on two aspects of 
physical treatment and chemical treatment, with more experimental research results, however, the 
promotion in engineering needs further in-depth research. 
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