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ABSTRACT: In order to solve the problem that the failure resistance of pavement machine-made sand cement 

concrete is significantly decreased due to the addition of machine-made sand. In this paper two types of polymers 

uses Polyurethane-modified bitumen (SNMC) and Polyester-modified bitumen (PLP) to modify cement concrete. 

Test specimens, and conduct compressive strength test, flexural strength test and failure test on concrete 

specimens. Tests have shown that the addition of polymers can improve the flexural performance and wear 

resistance of concrete, but it will reduce the compressive strength to a certain extent. Therefore, select suitable 

polymers according to engineering requirements, in actual projects. 
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INTRODUCTION 

In the construction field, in order to solve the problem of high concrete cost and difficult access to raw materials, 

machine-made sand is often used to replace natural river sand [1-7]. Compared with natural river sand, machine-

made sand has the characteristics of lower cost, but with the large-scale use in engineering, some performance 

problems gradually appear [8]. For example, when designing machine-made sand cement concrete mix ratio, there 

is no standard method for optimizing design parameters. Compared with natural river sand, the wear resistance of 

pavement machine-made sand and cement concrete is significantly reduced [9]. In response to these problems, 

related scholars have conducted related research. The best solution to use polymer to solve it, which can increase 

its wear resistance and mechanical properties and increase the life of concrete [10-14]. But the addition of 

polymers will undoubtedly increase the cost of concrete [15]. Therefore, studying the mechanism of polymer and 

how to reduce the amount of polymer used is still important for highway road saftey. In this paper studies the 

compressive strength, flexural strength and wear resistance of concrete added with polymers. 

MATERIALS AND METHODS 

Test materials 

The test materials are mainly cement, machine-made sand, coarse aggregate, polymer and defoamer [16]. Cement: 

Ordinary Portland Cement (CEM I 42.5R) produced by Tasluja Cement Factory, Sulaymaniyah, Iraq. The specific 

parameters of the cement are shown in Table 1. Machine-made sand: It is the gel material with the largest 

proportion among the concrete components, according to the size of the particles. It can be divided into coarse 

sand and fine sand. The performance of machine-made sand affects the overall performance of concrete, so 

machine-made sand that is close to the performance of concrete is selected; Aggregate: This article chooses coarse 

aggregate to add. Coarse aggregate mainly acts as a skeleton inside the concrete and is also the most used aggregate. 

The friction between the coarse aggregates is used to achieve the purpose of supporting pressure. If fine aggregates 

are used, crushing is prone to occur; polymer: polymer is the focus of research, so the choice of polymer needs to 

be representative. This paper chooses Polyurethane-modified bitumen (SNMC) [17, 18] and Polyester-modified 

bitumen (PLP) [19, 20]. Polyurethane-modified bitumen (SNMC) is a polymer with less viscosity, while 

Polyester-modified bitumen (PLP) is more viscous; defoamer: due to a large number of bubbles in the concrete 

during mixing and shaking, resulting in compaction the temperature drops, and it is easy to produce stress 
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concentration areas, which affect the mechanical properties and wear resistance. The defoamer reduces the number 

of bubbles introduced and improves the overall performance of concrete.  

Table 1. Specific parameters of cement 

Items SO3 Alkali Density 

(g/cm3) 

Specific 

surface 

(m2/kg) 

Residue 

of 

square 

80μm 

Wear resistance 

(Mpa) 

Wear resistance 

(Mpa) 

3d 28d 3d 28d 

White 

goose 

cement 

2.43 0.54 3.06 346 0.4 31.5 57.9 5.7 8.9 

Test device 

The testing devices used are: 

 1. Microcomputer-controlled automatic pressure testing machine: for compressive strength test.  

2. Electro-hydraulic flexural and compressive testing machine: conduct flexural tensile strength test.  

3. TMS-04 concrete failure tester: for wear resistance test. 

Test method 

Polymer concrete ratio 

The research on the ratio of cement concrete is a mathematical model obtained after comprehensive consideration 

of durability, compressive strength and flexural strength, and combined with the actual situation to make 

reasonable assumptions, revise the model to obtain a series of ratio calculation formulas. In this paper, the full 

calculation method is used to calculate the various components of the concrete. Polyurethane-modified bitumen 

(SNMC) and Polyester-modified bitumen (PLP) are selected as the test polymers. The results of the ratio are 

shown in Table 2 and Table 3. 

Table 2. Mixing ratio of SNMC sand cement concrete 

Sample Polymer 

cement 

ratio (%) 

Polymer 

(kg/m3) 

Water 

(kg/m3) 

Cement 

(kg/m3) 

Water 

binder 

ratio 

Aggregate 

(kg/m3) 

Sand 

(kg/m3) 

Defoamer 

(kg/m3) 

L1 1 4.7 139.3 370.3 0.38 1183 725 1.2 

L2 3 11.89 134.15 363.11 0.38 1183 725 1.2 

L3 5 16.85 124.47 356.19 0.38 1183 725 1.2 

Table 3. Mix ratio of PLP sand cement concrete 

Sample Polymer 

cement 

ratio (%) 

Polymer 

(kg/m3) 

Water 

(kg/m3) 

Cement 

(kg/m3) 

Water 

binder 

ratio 

Aggregate 

(kg/m3) 

Sand 

(kg/m3) 

Defoamer 

(kg/m3) 

L4 1 4.7 138.3 370.1 0.37 1182 726 1.2 

L5 3 10.89 131.11 363.11 0.37 1182 726 1.2 

L6 5 17.82 124.19 356.19 0.37 1182 726 1.2 

 

Preparation of concrete specimens 

Polymer machine-made sand concrete is composed of dry material and wet material. Studies have shown that 

different adding order will affect the overall performance of concrete. In order to achieve the best performance of 

concrete, the researchers summarized the method of making concrete specimens through a large number of 

experiments, mixing coarse aggregate, machine-made sand, and cement to make dry materials, polymer emulsion, 

defoamer and water mixture into wet material; then further mix the dry material and the wet material. According 
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to the concrete mix ratio obtained in the experiment, first add all the sand to the mixer and add 70% of the total 

mixing water volume, mix for 10s~15s, and then add cement for 30s~35s, finally add all the stones, remaining 

water and admixtures, stir for 60s, and then it will be out of the tank. The main purpose of adopting this scheme 

is to make the mixing of the test piece components more uniform and avoid anisotropy of performance. This paper 

analyzes and evaluates the road performance of machine-made sand concrete with different polymer-to-cement 

ratios through laboratory experiments. The content of polymer modifier is 0, 1%, 3% and 5%. After the cement 

concrete mixture is mixed, the workability test is carried out in time, and standard test pieces of different sizes are 

made for the road performance test.  

Compressive strength test 

For the compressive strength test of cement concrete, a microcomputer-controlled automatic pressure testing 

machine is mainly used. The concrete with the proportions of Table 2 and Table 3 are poured into test pieces, and 

they are immersed in (20±2) ℃ water after 24 days of curing in a standard curing room. Soak for 4d, and test the 

compressive strength of the specimens at the ages of 7d and 28d. In order to better quantify the compressive 

strength performance, the compressive strength is defined as the ratio of the ultimate load to the compressed area 

as:  

𝑓𝑐𝑢 =
𝐸

𝐴
                         (1) 

Where: is the compressive strength of the concrete cube (MPa); E is the ultimate load (N); A is the compressive 

area (mm2). 

Flexural strength test 

The flexural strength test of cement concrete mainly uses an electro-hydraulic flexural and compression testing 

machine. Pour the concrete with the proportions of Table 2 and Table 3 into test pieces, and immerse them in 

(20±2) ℃ water for 24 days in the standard curing room for 4 days. The supplementary test pieces will last for 7 

days and 28 days respectively. The flexural and tensile strength test is carried out at a loading rate of 

0.050MPa~0.08MPa, and the calculation as. 

𝑓𝑒𝑟 =
𝐹𝐿

𝑏ℎ2
                          (2) 

Where: fer is the flexural strength of the concrete cube (MPa); FL is the ultimate load (N); L is the distance between 

the supports (mm); b is the width of the specimen (mm); h is the height of the specimen (mm). 

Failure resistance test 

The poured specimens were tested for wear resistance on the TMS-04 concrete failure tester. Set the initial mass 

as the mass after failure of 30r. The purpose is to avoid errors caused by operation. When the number of revolutions 

reaches 60r, stop the test and record the mass at this time as the final mass. Then the amount of wear can be 

calculated by: 

𝐺𝑚 =
𝑚1−𝑚2

𝑠
              (3) 

Where: is the amount of wear per unit area (kg/m2); m1 is the initial mass of the test piece (kg); m2 is the mass of 

the test piece after failure (kg); s is the worn area of the test piece (m2). 

RESULTS AND DISCUSSION 

The influence of polymer on compressive strength 

The concrete according to the proportion of Table 2 and Table 3 was poured into 100mm ×100mm ×100mm 

specimens, and the specimens were subjected to standard curing for 7d and 28d for mechanical performance tests. 

The test results are shown in Table 4. It can be seen from Figure 1 that different polymers have different effects 

on concrete. With the continuous increase of the polymer-cement ratio, the compressive strength of concrete 

gradually decreases. This is because the polymer can reduce the hydration of concrete. When the concrete is in 

the later stage of curing, the polymer will adhere to the surrounding concrete that has already hydrated to form an 
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isolation layer to inhibit further hydration of the concrete. However, with the formation of the film, the frictional 

resistance between the particles decreases, that is, the particles cannot bear the effect of greater stress, resulting in 

a decrease in the compressive strength of the concrete. As the curing time increases, the compressive strength of 

the test block has a tendency to increase, so whether or not to increase the polymer, the increase of the curing time 

can increase the compressive strength of the concrete. The (PLP) has a smaller impact on the compressive strength 

than the (SNMP). Therefore, when choosing a polymer, it should be determined according to the actual 

requirements of the project. 

Table 4. Compressive strength of different machine-made sand 

Types of concrete Aggregate ratio (%) Wear resistance (MPa) 

7d 28d 

Ordinary 0 41.4 49.5 

SNMP 1 41.9 47.6 

3 38.7 42.8 

5 37.3 40.3 

PLP 1 40.5 48.2 

3 39.7 43.8 

5 39.9 44.5 

 

 

Figure 1. Compressive strength under different proportions of concrete 

The influence of polymer on flexural strength 

The concrete according to the proportions of Table 2 and Table 3 was poured into a 150mm×150mm×600mm 

trabecular standard specimen, and the flexural performance test was carried out for 7d and 28d. The test results 

are shown in Table 5. According to the test results, the flexural curves of different proportions of concrete are 

obtained, as shown in Figure 2. With the increase of the poly-cement ratio, the flexural strength of the concrete 

specimens gradually increased. From the perspective of the increase effect, the (PLP) has a stronger effect than 

the (SNMP). On the one hand, this is due to the fact that the polymer can be evenly distributed between the 

particles of the concrete, avoiding the segregation process. During the test, the weak links are reduced and the 

flexural strength is increased; on the other hand, due to the filling effect of the polymer, Making the concrete 

structure more compact, strengthening the bonding effect between the matrix and the filler, avoiding stress 

concentration, and increasing the flexural strength. As the curing time increases, the flexural strength of the test 

block has a tendency to increase, so whether or not to increase the polymer, the increase in the curing time can 

increase the flexural strength of the concrete. 
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Table 5. Test results of flexural strength of concrete with different proportions 

Types of concrete Aggregate ratio (%) Wear resistance (MPa) 

7d 28d 

Ordinary 0 5.22 6.26 

(SNMP) 1 5.28 6.7 

3 5.67 7.38 

5 5.72 7.54 

 (PLP) 1 5.14 6.48 

3 5.63 7.24 

5 5.9 7.87 

 

 

Figure 2. wear resistance under different proportions of concrete 

The impact of polymers on wear resistance 

The concrete pour with the proportions in Table 2 and Table 3 into standard specimens of 

150mm×150mm×150mm, and conduct flexural performance tests for 7d and 28d after standard curing. The test 

results are shown in Table 6, and the wear resistance curve is drawn according to the test results. It can be seen 

from Figure 3 that with the continuous increase of the polymer-to-cement ratio, the wear amount of concrete is 

on a downward trend, that is, the wear resistance of concrete can be improved, and the wear amount of (SNMP 

acrylic emulsion) is less. This is due to the strong binding effect of propylene milk, which can stabilize the 

interaction between the matrix and the filler. This result corresponds to the above test. The decrease in the 

compressive strength of concrete will definitely increase its wear resistance and increase its flexibility and 

deformability. 

Table 6. Failure resistance of concrete with different proportions 

Types of concrete Aggregate ratio (%) Wear per unit area 

(kg/m3) 

Ordinary 0 3.309 

(SNMP) 1 3.012 

3 2.623 

5 2.501 

 (PLP) 1 2.842 

3 2.47 

5 1.825 
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Figure 3. Failure curve of concrete with different proportions 

CONCLUSION 

In this paper a series of tests on polymer machine-made sand concrete which can be conclude as follows: (1) The 

addition of polymer will reduce the compressive strength of concrete, and the Polyester-modified bitumen (PLP) 

has a greater impact. The physical time should be based on the actual requirements of the project; with the increase 

of curing time, the compressive strength of concrete increases; (2) with the increase of polymer-cement ratio, the 

flexural performance of concrete increases, which is mainly determined by its volume characteristics; As the 

curing date increases, the flexural strength of the test block tends to increase; (3) Appropriately increasing the 

proportion of the polymer will increase its wear resistance, which is the result of the comprehensive effect of the 

polymer's adsorption and filling effects. 
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