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Abstract: Ordinary cement concrete has the shortcomings of a brittle material with large 

elastic modulus, low compressive and flexural strength, too high rigidity, insufficient 

flexibility, small deformation ability, and low durability. In large-scale bridge projects 

such as the bridge deck paving project of the steel laminated beam composite structure, 

diseases such as cracks and plate damage are prone to occur. At the same time, the 

environment is constantly changing, and the harsh environment may cause serious 

damage and destruction to the concrete. Especially in the environment of medium and 

high humidity, high temperature, high salt pollution, and high acid mist condensation, 

there are many problems of peeling of concrete protective layer and corrosion of steel. 

Therefore, people have been looking for ways to improve cement concrete, and later 

discovered that adding polymers to concrete can improve the most basic properties of 

concrete, reduce concrete rigidity, increase flexibility, and reduce the ratio of 

compressive strength to flexural strength. The concrete made by adding polymer is 

called polymer cement concrete composite. In this paper, through the experiment of 

incorporating polymers and some other substances, it is concluded that when the ratio of 

polymer to ash is 15%, the amount of defoamer is 7%. When the fiber content is 0.2%, 

the performance of the composite material is the best.  

1. Introduction 

1.1. Background 

Polymer mixed with concrete began to appear as early as 1930, but it is always limited to a small 

range. It was not until May 1975 that the first Global Polymer Concrete Conference was held in 

London, England. At this conference, representatives from 22 countries participated, and the title of 

"polymer concrete" began to be adopted. With the national "One Belt One Road" marine strategy 
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and the rapid development of China's coastal economy, some engineering structures such as bridge 

piers, tunnels, ports and water towers have been continuously constructed. Cement has gradually 

become the main building material of this construction, and its consumption is also increasing. , 

And gradually formed the widest range and the highest amount of building materials. With the 

country’s “One Belt, One Road” marine strategy and the rapid development of coastal economy, 

some industrial structures such as bridge piers, tunnels, ports and water towers have been 

continuously constructed. But in fact, the ordinary series of cement concrete regression has many 

defects, such as low tensile strength, easy cracking, high brittleness, and insufficient toughness. If it 

is used as a protective repair material for buildings and structures, it will inevitably cause interface 

adhesion. Unreliable knots, easy cracking and other phenomena leave safety hazards. We commonly 

use ordinary cement concrete to have these performance defects, and polymer cement mortar can 

effectively improve these shortcomings.  

1.2. Significance 

The so-called polymer-modified cement concrete refers to a composite material formed when 

cement, aggregate and polymer materials are mixed. The polymers used for mortar modification 

mainly include water-soluble polymers, liquid polymers, and dispersed latex powders. The use of 

polymer materials in cement has the following advantages. (1) The shrinkage of cement mortar is 

reduced. (2) High flexural strength and stronger. (3) Improve the bonding strength with old concrete. 

(4) The density of cement mortar is increased, and the internal pore structure is obviously improved. 

(5) The impact resistance is greatly improved. (6) High fluidity and low water consumption. With 

the continuous expansion of the application range of concrete materials, various projects have 

higher and higher requirements for their performance. When discussing the future industry, the US 

Department of Labor predicted that the post-maintenance of buildings (structures) will become 

contemporary and future. It is one of the hot industries for hundreds of years. This fully reflects the 

urgency and broad prospects of the problem of concrete protection, so our country is also actively 

involved in the research of this topic. 

1.3. Related Work 

Since the application of polymer cement concrete, many people have carried out relevant 

research on it. Khankhaje E studied the use of palm oil fuel ash (POFA) in ordinary concrete and 

geopolymer concrete. One of the main findings is that, based on the weight of cement, the concrete 

mixed with 20% fine POFA shows better performance than OPC concrete. Durability performance. 

In addition, 100% cement-free geopolymer concrete can be produced using mixed ash, such as 

POFA and fly ash. This research is highly innovative but lacks practicality [1]. Cao V D added 

MPCM to the concrete, and a significant decrease in compressive strength was observed. However, 

the compressive strength still meets the European regulations for machinery for concrete 

applications (EN 206-1, compressive strength class C20/25). Finally, after the sample is subjected to 

100 thermal cycles at high heating/cooling rates, MPM concrete provides good thermal stability, but 

the disadvantage is that it does not take into account the natural factors in the actual process [2]. 

Uebachs S has tested a large number of experimental results in the laboratory and some practical 

applications of geopolymer concrete (Wagners Earth Friendly Concrete (EFC)), as well as a binder 

made of ground granular blast furnace slag, fly ash and customized activator. With regard to the 

special performance of this system, the mixture system proposed a concrete admixture, but this 

experiment requires high equipment and is not practical [3]. Wang R's discussion concluded that 
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various chemical interactions may occur between cement and different types of polymers. 

Understanding these chemical interactions will play an important role in elucidating the relationship 

between the microstructure and macrostructure of polymer-modified cementitious materials. It also 

proved a belief that the organic-inorganic (polymer-Portland cement) composite material chemically 

bonds with certain components, and at the same time physical interaction, will become the next 

stage of concrete technology progress [4]. Shehab H K developed 18 concrete mixtures to evaluate 

the impact of key parameters on the mechanical properties and behavior of concrete. The test results 

show that replacing fly ash as a base geopolymer can improve the mechanical properties of concrete. 

Compared with the compressive strength, splitting tensile strength, flexural strength and bond 

strength produced by 0%, 25%, 75% and 100% cement substitution rate, the compressive strength 

of substitution of 50% is higher. This experiment Practicability is strong but the percentage of 

cement set is small [5]. Neupane K proposed that geopolymer is a new binding material, 

synthesized by alkali activation of aluminosilicate compound, compared with conventional Portland 

cement (OPC) concrete, made of geopolymer binder The concrete has better engineering, thermal 

and durability properties, such as higher mechanical strength, higher resistance to sulfate and acid 

attack, and higher heat resistance. This conclusion needs to be further demonstrated in practice [6]. 

Dahou Z considered two types of concrete: ordinary Portland cement (OPC) concrete and a new 

type of concrete technology, namely geopolymer (GPC). The bond strength was studied by 

conducting pull-out tests on ribbed steel bars with a nominal diameter of 10 mm and/or 12 mm. The 

specimens were tested at various ages ranging from 1 to 28 days. The main goal of an extensive 

research program involving 260 pull-out tests was to establish a combination of the steel-concrete 

bond strength of OPC and geopolymer concrete with the average compressive strength of concrete, 

empirical model of intensity correlation [7]. In order to further clarify the near surface mounting 

(NSM) carbon fiber reinforced polymer (CFRP) technology, Al-Saadi N uses the finite element 

method (FEM) to simulate the adhesion between the NSM CFRP strip and the cement-based 

adhesive in the single-turn shear test. End behavior. The nonlinear finite element experimental 

results and can be used in the design of reinforced concrete members reinforced with NSM CFRP 

bars. This research method is more difficult [8]. 

1.4. Innovation 

The innovation of this article lies in (1) a comprehensive analysis of polymer-modified cement 

concrete composite materials, including its material formation mechanism, composition method and 

performance improvement. (2) It is verified through experiments that the incorporation of polymers 

can enhance the compressive and flexural strength, abrasion performance and shrinkage properties 

of the cement mortar, and obtain a suitable amount of polymer, defoamer, and fiber.  

2. Formation and Performance Test Methods of Polymer Cement Concrete Composite 

Materials 

2.1. Polymer Modification Mechanism 

The polymer is woven into the network of hardened cement, on the one hand it plays a 

strengthening role, on the other hand it plays a role in improving durability. The mechanism of the 

polymer film hinge is as follows: the continuous network structure reflected in the 

three-dimensional space formed by the polymer corresponds to the fiber state, resists crack 

propagation, and improves the flexural strength [9]. Many active substances in the polymer 
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emulsion strengthen the wetting of the surface of the concrete mixed material and reduce the 

porosity, forming a strong polymer film that adheres to the surface of the aggregate well, improving 

the damage performance, and effectively preventing the occurrence of cracks. The polymer is 

uniformly dispersed on the cement hydrate to reduce the permeability. Figure 1 is a demonstration 

diagram of this process.  

 

Figure 1. Simple steps of polymer film formation during cement hydration  

2.2. Material Composition Design of Polymer Modified Cement Concrete 

(1) Composition design method 

The material composition design is based on the volume analysis method. The volume 

composition of concrete is divided into two parts: aggregate and butadiene-styrene copolymer 

emulsion modified cement slurry. The most ideal state is that the aggregates are piled up to form a 

dense skeleton, and the voids between the aggregates are completely filled with cement slurry. 

Butadiene-styrene copolymer emulsion modified cement slurry is the total volume of cement, water, 

polymer, and defoamer after mixing, vibrating and compacting at a fixed ratio [10]. Define cement 

mortar interstitial rate VFM as the control index of polymer fiber modified cement concrete 

material composition design, this index is the ratio of the volume of the slurry 𝑉𝑗 to the porosity 

𝑉𝑘 of the aggregate in close packing, namely: 

𝑉𝐹𝑀 = 𝑉𝑗/𝑉𝑘 × 100%                (1) 

Where VFM is the interstitial ratio of cement mortar, 𝑉𝑗 is the volume of composite cement 

mortar, and the volume of internal pores of the aggregate in the stacked state. When the cement 

mortar interstitial rate VFM=100%, the pores between the aggregates are just completely filled by 

the cement mortar, and the internal matrix of the concrete forms a "dense-skeleton" structure, 

reaching the ideal state, so the VFM value is closer 100% is better[11].  
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(2) Composition design steps 

According to the above-mentioned volume analysis method, the polymer fiber modified cement 

concrete material mix ratio design calculation is carried out. The main components and design steps 

are as follows: 

1) The apparent relative density of composite aggregate 

Determine the apparent relative density of each grade of aggregates𝜌1､𝜌2, and determine the 

blending ratios of aggregates at each level as a, b according to the continuous gradation stacking 

framework. At the same time, compare with the theoretical design gradation, adjust accordingly, 

and then make it preliminary Determine the blending ratio of the coagulation aggregate, and 

calculate the apparent relative density of the composite aggregate according to the following 

formula:  

𝜌 =
𝜌1×𝑎+𝜌2×𝑏

𝑎+𝑏
              (2) 

2) The void volume of composite aggregate 

The tap density of the composite aggregate is measured as 𝜌𝑧. Because the void ratio and void 

volume of the composite aggregate of the ultra-thin polymer modified cement concrete overlay 

material are equal in value, the void volume 𝑉𝑘 can be calculated:  

𝑉𝑘 = 1 −
𝜌𝑧

𝜌
                (3) 

Where is the tap density of 𝜌𝑧 composite aggregate. 

3) Paste volume of polymer modified cement concrete material 

Butadiene-styrene copolymer emulsion modified cement slurry is made by mixing cement, water, 

butadiene-styrene copolymer emulsion, defoamer, and fiber (ignored). Assuming the volume of 

cement paste:  

𝑉𝑚 =
𝑚𝑐

𝜌𝑛
+

𝑚𝑐×𝑝/𝑐

𝜌𝑗
+

𝑚𝑐×𝑤/𝑐

𝜌𝑠
            (4) 

𝑚𝑐 is the amount of cement per unit, 𝜌𝑛, 𝜌𝑗, and 𝜌𝑠 are the apparent density of cement, 

polymer, and water, respectively, p/c is the ratio of polymer to ash, and w/c is the ratio of water to 

ash. 

4) Interstitial rate of cement mortar 

Combining the above two formulas can obtain the composition design equation of 

polymer-modified cement concrete materials:  

𝑉𝐹𝑀 = 𝑉𝑗/𝑉𝑘 × 100% =

𝑚𝑐
𝜌𝑛

+
𝑚𝑐×𝑝/𝑐

𝜌𝑗
+

𝑚𝑐×𝑤/𝑐

𝜌𝑠

1−
𝜌𝑧
𝜌

× 100%       (5) 

By testing the test material parameters and using the above equations, the combined ratio 

parameters of polymer-modified cement concrete materials can be obtained. According to the 

theoretical mix ratio calculated by the volume analysis method, the trial mix is carried out. At the 

same time, the bending and tensile strength, compressive strength and performance are used as 

evaluation indicators to verify and adjust the calculated theoretical mix ratio, and finally determine 

the polymer modified cement concrete material Actual mix ratio [12]. 

(3) Preparation technology of polymer cement concrete 

1) The design of polymer-modified cement concrete is similar to that of ordinary cement 

concrete. It is designed based on workability, strength, deformability, impermeability, and chemical 
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stability. The difference lies in the design process. The polymer-modified cement concrete has to 

determine the proportion of polymer cement, and its sinking sl is calculated by the following 

formula [13]:  

𝑠𝑙 = 𝑗𝜙 − 𝑘(1 − 𝑠/𝑎)                    (6) 

Among them, j and k are constants. The compressive strength of polymer cement concrete can be 

predicted according to the polymer cement ratio and the glue-to-air ratio a. The water-cement ratio 

(W / C) and the unit volume dosage are functions of the glue-to-air ratio (α), and the relationship is 

as follows:  

𝑤/𝑐 = −𝑎𝑚 + 𝑛; 𝑐 = 𝑓𝑎 + 𝑟              (7) 

Where m, n, f, r are empirical constants.  

2) Simple process for preparing polymer cement concrete 

First, prepare the emulsion, which is composed of polymer, surfactant and water, then mix 

cement, sand and water into cement mortar according to the mass ratio, then mix the emulsion and 

cement mortar and add accelerator and defoamer, then It becomes polymer cement concrete, and the 

final product is obtained through curing. High-quality polymer cement concrete must be of uniform 

quality, without holes, and without discontinuities. During the mixing process of mortar and 

emulsion, a large amount of air will be introduced, and foam may even be formed, so choose a good 

mixing method such as manual operation to reduce the amount of air and add defoamer. Figure 2 is 

a simple process of polymer cement concrete manufacturing [14].  

 

Figure 2. The basic preparation process of polymer cement concrete  

2.3. Performance Test of Polymer Cement Concrete 

As a raw material in construction engineering, the most basic performance of concrete is 

mechanical properties, so here we discuss the basic physical and mechanical properties of polymer 

concrete. 
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Cube compressive strength is not only the most important mechanical property index in the 

research of concrete materials, but also the most basic design index in the design of concrete 

structures. The size of the test piece used for the test is 100mm × 100mm × 100mm is a 

non-standard test piece. The process is to set parameters for the test first, and then click the start 

button on the screen to start the test. After the test is completed, the gauge shall be removed in time 

after the test piece is crushed, and the pressure plate shall be cleaned to avoid affecting the test of 

the next test piece[15]. The test diagram is shown in Figure 3:  

 

Figure 3. Compressive strength experiment  

The calculation formula is:  

𝑓𝑐𝑝 =
𝐹

𝐴
            (8) 

Where 𝑓𝑐𝑝 represents the compressive strength; F represents the failure load of the specimen; A 

is the area of the specimen contacting the machine. 

2) Splitting tensile strength 

Tensile strength is an important basis for the failure analysis and strength theory of concrete 

materials[16], and it plays an important role in the study of concrete performance. Its calculation 

formula is  

𝑓𝑠 =
2𝐹

𝜋𝐴
≈ 0.637

𝐹

𝐴
            (9) 

Where 𝑓𝑠 is the splitting tensile strength, F is the failure load of the specimen; A is the area of 

the specimen contacting the machine. 

 3) Static elastic modulus 

The magnitude of the elastic modulus determines the deformability of the material, which is a 

major and difficult issue in material research. Calculated as follows : 

𝐸𝑐 =
𝐹𝑎−𝐹0

𝐴
×

𝐿

∆𝑛
          (10) 

∆𝑛 = 𝜀𝑎 − 𝜀0             (11) 

Where 𝐸𝑐 is the modulus of elasticity, 𝐹𝑎  is the load when the stress is 1/3 of the axial 

compression, 𝐹0 is the initial load, A is the pressure-bearing area of the member, and L is the 

measuring gauge length.𝜀0 epresents the strain value corresponding to 𝐹0,𝜀𝑎 is the strain value 

corresponding to Fa [17]. 

4) Compressive strength of shaft 
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The axial compressive strength is the compressive strength obtained by the prism experiment, 

and its calculation formula is:  

𝐹𝑐𝑝 =
𝐹

𝐴
                      (12) 

In the formula, 𝐹𝑐𝑝 is the compressive strength of the axis, F is the failure load of the specimen, 

and A is the area of the damaged surface of the specimen. In many cases, the decompressive 

strength of the axis is equal to the compressive strength of the cube.  

5) Permeability coefficient 

Permeability coefficient is a very important indicator for measuring concrete. At present, most of 

the permeability coefficient tests of permeable materials are based on Darcy's law, and concrete is 

no exception. Darcy derives the following formula[18]:  

𝑄 = 𝐾𝐴(𝑕1 − 𝑕2)/𝐿               (13) 

In the formula: Q represents the volume of water flow per unit time; A is the cross-sectional area; 

𝑕1 − 𝑕2 is the head difference; L is the length. The physical basic expression of K is:  

𝐾 = (𝑐𝑑2) (
𝑔𝜌

𝜇
)               (14) 

C is the particle shape and structure coefficient; d is the average particle diameter; g is the 

acceleration due to gravity; 𝜌  is the fluid density; µ represents the hydrodynamic viscosity 

coefficient[19].  

6) Flexural strength 

The flexural strength tester is a hydraulic universal testing machine, and the test piece is taken 

out of the standard curing room to check whether the size of the test piece meets the requirements. 

The size of the test piece in the test is 100mm×100mm×400mm. Then put the 15 qualified test piece 

on the movable support, adjust the distance between the supports to 300mm, so that the test piece is 

geometrically aligned. During this process, the test piece and the machine must be balanced and 

stable. The operation is shown in Figure 4 [20]:  

 

Figure 4. Flexural strength test  

The formula for calculating the flexural strength of concrete is as follows : 

𝑓𝑚 =
𝐹𝑚𝑎𝑥∙𝑙

𝑏ℎ2                 (15) 

Where is the flexural strength of  𝑓𝑚concrete;𝐹𝑚𝑎𝑥  is the maximum load; l is the spacing 
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between the supports; b is the section width of the test block; h is the section height of the test 

block. 

7) Drawing bond strength 

    The pull-out test is mainly used to evaluate the bond strength between the waterproof 

bonding material and the steel plate. The adhesion test sample preparation is divided into five steps: 

steel plate grinding-clearing-painting of waterproof bonding material-bonding spindle-testing. Coat 

the prepared bonding material on the processed steel plate, and after it is completely hardened, stick 

the slider on the test piece with a special adhesive. After being completely hardened, perform a test 

according to the specified test conditions to calculate the bond strength[21]. The test chart is shown 

in Figure 5.  

 

Figure 5. Schematic diagram of bond strength test  

The bond strength is:  

P=F/S                     (16) 

P is the bonding strength, F is the tensile force value when the sample is pulled apart and broken, 

and S is the cross-sectional area of the test column coated with the bonding material.  

2.4. Salt Resistance Mechanism of Polymer Concrete  

(1) Salt corrosion mechanism 

The corrosion mechanism of salt is because the salt lake contains a lot of NaCl, KCl, NaSO, 

KSO, MgSO. Except for BaSO, most of the sulfates have a great corrosive effect on concrete. This 

is mainly caused by the reaction of sodium sulfate and potassium sulfate plasma with calcium 

hydroxide to form calcium sulfate, which then reacts with calcium aluminate hydrate to form 

vanadinite. As a result, the solid content is greatly increased. There is considerable crystal 

expansion stress, which can cause expansion, peeling, and even damage. Taking sodium sulfate as 

an example, its effects are as follows[22].  

𝐶𝑎(𝑂𝐻)2 + 𝑁𝑎𝑆𝑂4 ∙ 10𝐻2𝑂 = 𝐶𝑎𝑆𝑂4 ∙ 2𝐻2𝑂 + 2𝑁𝑎𝑂𝐻 + 8𝐻2O      (17) 

4𝐶𝑎𝑂 ∙ 𝐴𝑙2𝑂3 ∙ 10𝐻2𝑂 + 3(𝐶𝑎𝑆𝑂4 ∙ 2𝐻2𝑂) + 8𝐻2𝑂 = 3𝐶𝑎𝑂 ∙ 𝐴𝑙2𝑂3 ∙ 3𝐶𝑎𝑆𝑂4 ∙ 32𝐻2𝑂 +
𝐶𝑎(𝑂𝐻)2(18) 

In particular, magnesium sulfate has a great corrosive effect on cement, and it reacts with 

calcium hydroxide in cement as follows:  
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𝑀𝑔𝑆𝑂4 + 𝐶𝑎(𝑂𝐻)2 + 2𝐻2𝑂 → 𝐶𝑎𝑆𝑂4 ∙ 2𝐻2𝑂 + 𝑀𝑔(𝑂𝐻)2(19) 

Magnesium hydroxide has extremely low solubility and is easy to precipitate out of the solution, 

so that the reaction continues to proceed to the right. At the same time, magnesium sulfate can 

decompose calcium silicate hydrate and make its cementing performance worse. Its effect is as 

follows[23]:  

3𝐶𝑎𝑂 ∙ 𝑆𝑖𝑂2 ∙ 𝑎𝑞 + 3𝑀𝑔𝑆𝑂4 + 𝑛𝐻20 → 3[𝐶𝑎𝑆𝑂4 ∙ 2𝐻2𝑂] + 3𝑀𝑔(𝑂𝐻)2 + 2𝑆𝑖𝑂2 ∙ 𝑎𝑞(20) 

Because 𝐶𝑙− ions penetrate into the concrete, it will promote corrosion and cause damage. On 

the other hand, due to the low relative humidity and high wind speed in this area, the water that 

penetrates the surface quickly evaporates, and the remaining salt crystallizes. If the crystalline 

particles continue to grow, large internal stresses will occur, and expansion failure and peeling will 

occur[24]. 

(2) Salt corrosion resistance mechanism of polymer concrete 

In summary, increase the density and strength of concrete, reduce capillary pores, and improve 

the impermeability and salt corrosion resistance of concrete. The water permeability of porous 

materials is directly proportional to the permeability coefficient of the material, and the 

permeability coefficient satisfies the following relationship:  

𝐾 =
𝐶∙𝜖𝑟2

𝑛
                 (21) 

Where 𝜖 is the total porosity; r is the hydraulic radius of the pore; n is the viscosity of the fluid; 

C is a constant. Therefore, in the mixing process of polymer cement concrete, it is necessary to 

reduce the ratio of water and cement, increase the density, and reduce the porosity. As long as the 

water permeability is reduced, corrosion can be effectively inhibited[25].  

3. Experiment and Analysis 

In this experiment, the cement concrete was modified by adding polymer to improve the wear 

resistance of cement concrete pavement. Adding an appropriate amount of polymer can reduce the 

brittleness of cement concrete, improve flexibility, improve deformability, and greatly improve the 

wear resistance of concrete. This chapter uses the butadiene-styrene copolymer emulsion to modify 

the cement mortar, comprehensively analyzes the workability of the cement mortar and the surface 

function of the pavement after forming, combined with the indoor abrasion meter and the 

mechanical performance indoor test, and proposes that it has excellent workability, The design 

parameters of road concrete slurry material that have abrasion resistance and meet the basic 

mechanical properties of the road. 

3.1. Material Selection for Polymer Cement Concrete Test  

(1) Polymer 

The addition of polymer to cement concrete can significantly improve its working performance, 

cohesion, adhesion and flexural tensile strength. Compared with ordinary concrete, polymer 

modified concrete has a dense internal structure and some pores in the matrix. Filled with polymer, 

the water seepage is reduced, the chemical stability is improved, and its durability is obviously 

improved. In this experiment, a butadiene-styrene copolymer emulsion was used. The basic 

parameters are shown in Table 1.  
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Table 1. Parameters of butadiene-styrene copolymer emulsion  

Performance Company Test method(KR-01) 
Injection 

stage 
Film grade(KR-10) 

Density 𝑔/𝑐𝑚3 D-792 1,01 1,01 

Elongation % D-638 20 ADTM-882 

Transparency % - 90-95 ADTM D-1003 

Haze % D-1003 1.0 1.1 

 

(2) Defoamer 

After adding butadiene-styrene copolymer emulsion to cement mortar and concrete, due to the 

strong air-entraining effect of butadiene-styrene copolymer emulsion, a large number of bubbles 

will be produced in the prepared polymer-modified concrete. Therefore, a defoamer with better 

compatibility with the butadiene-styrene copolymer emulsion used in this experiment was selected 

to be added to the cement concrete to eliminate the large bubbles introduced by the addition of the 

polymer in the matrix and improve the compactness of the concrete. Reduce the shrinkage rate of 

concrete. In this experiment, the powdery solid defoamer produced by Guangzhou Tengtang 

Chemical Co., Ltd. was selected, and the main component was polysiloxane. 

(3) Cement 

Grade 42.5 quick hardening sulphoaluminate cement is selected. The grade of quick hardening 

sulphoaluminate cement is expressed by 3D compressive strength, which is divided into three 

grades: 425, 525 and 625. The compressive strength of each age shall not be lower than the values 

in Table 2:   

Table 2. Age compressive strength of fast hardening sulphoaluminate brine mud 

Grade 12h 1d 3d 

425 29.4 34.4 41.5 

525 36.8 44.1 51.4 

625 39.2 51.5 62.3 

 

(4) Water 

In this test, tap water was used to mix and maintain the repair materials, and the water quality 

met the requirements of the current "Sanitary Standards for Drinking Water". 

(5) Fiber 

Incorporating a certain proportion of fibers can inhibit the occurrence and development of cracks 

in the repaired surface, thereby improving the crack resistance of the road surface and reducing 

internal defects. This experiment uses polypropylene fiber, which meets the specification 

requirements of "Highway Cement Concrete Fiber Material Polypropylene Fiber and 

Polyacrylonitrile Fiber". 

(6) Fine aggregate 

The choice of the particle size and type of fine aggregate will have a great impact on the water 

consumption and cement consumption in mortar and concrete mixing, and is an important guarantee 

for good workability. The fine aggregate for preparing high-quality mortar and concrete should be 

preferably medium sand or medium coarse sand with complete gradation and relatively hard texture. 

The fineness modulus of fine aggregate should be controlled within the range of 2.7~3.1 as far as 

possible. After the sand has been coarsely mixed, the internal friction resistance of the concrete is 
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large, it is difficult to vibrate and form, and the workability is also difficult to meet the design 

requirements. Basalt manufactured sand selected in this test.  

3.2. Explore the Basic Properties of Polymer Cement Concrete with Different Proportions 

(1) Test mix ratio of polymer modified cement mortar 

The butadiene-styrene copolymer emulsion modified cement mortar is prepared with 

machine-made sand, in which the amount of fixed fine aggregate is 1350kg/m3, the amount of 

cement is 450 kg/m3, and the polymer-cement ratio is 5%, 10%, 15%. , 20%, and at the same time 

add 5%, 7%, 9% defoamer under different polymer content, and determine the fluidity of 

butadiene-styrene copolymer emulsion modified cement mortar under the water-cement ratio of 0.5 , 

Testing of flexural tensile strength, compressive strength and abrasion resistance. 

(2) Research on fluidity of polymer modified cement mortar 

Table 3 shows that the butadiene styrene copolymer emulsion has strong water reducing ability. 

The greater the aggregate cement ratio, the greater the fluidity of modified cement mortar and the 

improvement of workability. It can be seen from the test data that when the aggregate cement ratio 

is less than 10%, the polymer fails to give full play to the effect, and when the aggregate cement 

ratio is greater than 10%, the workability of the mortar begins to improve. The addition of butadiene 

styrene copolymer emulsion increased the water reducing effect more obviously, and the mortar 

fluidity increased by 24%. The addition of defoamer will weaken the water reducing effect of 

polymer. With the addition of defoamer from 3% ~ 9%, the fluidity growth of modified cement 

mortar slows down.  

Table 3. Fluidity of cement mortar 

Ash concentration ratio /Dosage 

of defoamer 
0% 5% 10% 15% 20% 

3% 20 16 17 23 24 

5% 20 17 18 21 22 

7% 20 17 18 20 21 

9% 20 15 17 18 19 

 

The above results show that when the butadiene-styrene copolymer emulsion content reaches 

10%, the fluidity of the fresh cement mortar can be significantly improved, and the workability of 

the mortar can be enhanced. This effect is mainly caused by the addition of the butadiene-styrene 

copolymer emulsion to introduce air into the cement mortar and the "balling" effect; at the same 

time, the surface active ingredients in the butadiene-styrene copolymer emulsion will make the 

cement particles Dispersion occurs between them. With the increase of the polymer content, the 

polarity of the particle surface increases, and the water contained in the flocculation structure 

produced by cement hydration will be released, thus reflecting the water reducing effect of the 

polymer. 

Based on the above test results of the fluidity of the butadiene-styrene copolymer emulsion 

modified cement mortar, it can be found that the addition of polymer can increase the fluidity of the 

cement mortar. When the same fluidity is reached, the butadiene-styrene copolymer emulsion is 

modified. The cement mortar can reduce water consumption, and at the same time improve the 

workability of the cement mortar and facilitate construction. 

(3) Experiment on mechanical properties of polymer modified cement mortar 
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1) The influence of defoamer and polymer-cement ratio 

The main mechanical properties of cement mortar are compressive strength and flexural strength. 

Here, a cement mortar pressure testing machine is used to test the compressive and flexural strength 

of polymer-modified cement mortar specimens. The following Figure 6 shows the experimental 

results of compressive strength under different defoamer dosages and different polymer-to-ash 

ratios.  

 

Figure 6. The relationship between compressive strength and polymer-to-cement ratio and 

defoamer 

It can be seen from the figure that the influence of different polymer content on the mechanical 

properties of cement mortar has no obvious regularity, and the defoamer has little effect on the 

compressive strength. Only by comparing polymer-modified cement mortar and ordinary cement 

mortar, it is found that with the addition of butadiene-styrene copolymer emulsion, the compressive 

strength of cement mortar begins to decline rapidly. The compressive strength began to show a 

slowing trend, and gradually decreased after 15% polymer-cement ratio, and the compressive 

strength of cement mortar fell by 7% to 33%. The following Figure 7 shows the experimental 

results of the flexural strength of different defoamer dosages and different polymer-to-cement 

ratios.  

 

Figure 7. The relationship between flexural strength, polymer-to-cement ratio and defoamer 
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Compared with ordinary cement mortar, the flexural tensile strength of polymer modified mortar 

decreases briefly before the aggregate-cement ratio is 5%. When the aggregate-cement ratio is 5% 

to 15%, the flexural tensile strength begins to show an upward trend. When the ratio is 15%, the 

peak value of the defoamer is 7, which is an increase of 21.6% compared with ordinary mortar. 

Calculating the compression ratio of the butadiene-styrene copolymer emulsion modified cement 

mortar, it can be found that the compression ratio decreases with the increase of the poly-cement 

ratio, and the larger the polymer content, the corresponding decrease in the compression ratio will 

also be Get bigger. It can be inferred from this that the brittleness of the polymer-modified cement 

mortar decreases and the deformability increases. 

2) The influence of fiber 

After understanding the conditions under which the polymer-to-cement ratio and defoamer have 

the best compressive strength, we will now discuss the effect of fiber content on the compressive 

strength. The experimental results are shown in Figure 8.  

 

Figure 8. The relationship between fiber content and mechanical properties  

It can be seen from the figure that the addition of fibers significantly improves the compressive 

and flexural strength of polymer cement concrete. When the fiber content is less than 0.2%,the 

compressive and flexural strength of the composite increases with the increase of fiber content, and 

increases to the maximum. However, in the range of 0.2%-0.3%, when the fiber content increases, 

the flexural strength decreases to about 9MPa. After 0.3%, the compressive strength increases 

steadily, but the flexural strength tends to be about 9.5MPa; considering that the preferred fiber 

content is 0.2%. 

(4) Research on the wear resistance of polymer modified cement mortar 

A cement mortar abrasion tester was used to test the abrasion resistance of the polymer-modified 

cement mortar, and the abrasion degree of the cement mortar was tested when different dosages of 

polymer and defoamer were added. The specific data is shown in Figure 9.  

The wear per unit area of polymer modified cement mortar is lower than that of ordinary cement 

mortar. Under the 0.5 water cement ratio, the wear rate of the modified cement mortar is reduced by 

35.3%~52% compared with the ordinary mortar when the cement mortar mixed with butadiene 

styrene copolymer emulsion has a 5%~20% ratio. 

To sum up, by comparing the data of different polymers and defoamer content, it can be found 
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that when the aggregate cement ratio is 15% and the defoamer content is 7%, the modified cement 

mortar has better compressive and flexural tensile strength and wear resistance. 

 

Figure 9. The relationship between abrasion resistance and defoamer and polymer-cement ratio 

3.3. Analysis of shrinkage performance of polymer cement concrete 

In the above experiments, we have obtained the most suitable poly-cement ratio and defoamer 

blending data. Now we will explore the drying shrinkage performance of composite materials based 

on the ratio of these materials, and compare its drying shrinkage performance with that of ordinary 

cement. For comparison, the result is shown in Figure 10.  

 

Figure 10. Comparison chart of shrinkage ratio 

Comparing the dry shrinkage rates of composite feed and ordinary cement specimens at different 

ages, it can be seen that both of them increase with the increase of age. This shows that the drying 

shrinkage of cement materials is a gradual accumulation process, and 80% of the drying shrinkage 

occurs within the early 28 days, and the final value tends to be stable. The dry shrinkage rate of the 

composite is relatively small, and the rate of change with age is also low, and the final dry shrinkage 

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 91011121314151617181920

w
e
a
r 

ra
te

 

ash concentration ratio（%） 

Defoamer 3% Defoamer 5%

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7 8 91011121314151617181920

w
e
a
r 

ra
te

 
ash concentration ratio（%） 

Defoamer 7% Defoamer 9%

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80

sh
ri

n
ka

ge
 r

at
e
（

%
）

 

age（d） 

Composite material Ordinary Cement



International Journal of Engineering Technology and Construction 

47 
 

is about 85% of the ordinary cement of the same strength. The reason is that some hydration 

products of sulphoaluminate cement have the property of micro expansion, which delays the dry 

shrinkage of the specimen. On the other hand, because the polymer is formed into a 

three-dimensional network, the pore micro-element structure is optimized, the compactness of the 

specimen is enhanced, and the shrinkage resistance of the polymer-modified cement mortar is 

improved. In order to further reduce the shrinkage rate of the repair material, a small amount of 

expansion agent can be added in practical applications, which can also reduce the initial 

micro-cracks of the cement specimen. 

4. Discuss 

After more than 50 years of exploration, polymer cement concrete has been widely used as a 

high-performance material in the construction, power, machinery, and chemical industries of many 

countries. Although the cost will be higher, it is much stronger than ordinary concrete, with higher 

strength, abrasion resistance, drug resistance, and high elastic modulus. People have been exploring 

the modification mechanism of polymers. Many scholars have also conducted a lot of detailed and 

subtle research on the mechanism of polymer cement concrete and have obtained some results. 

Polymer-modified cement concrete is a composite material that conforms to the development 

trend of modern materials. It has broad application prospects. When studying polymer-modified 

cement concrete, we must first study the modification mechanism of various polymers, and then 

make appropriate choices. With the advancement of technology, people's requirements for 

polymer-modified concrete are getting higher and higher. All countries are working hard to 

implement the research work of polymer-modified cement concrete. As a result, polymer-modified 

concrete has also been developed at a high speed.  

5. Conclusion 

This article explains the basic concept and background of polymer cement concrete, and explains 

its composition method and performance test method. And through experiments to analyze the 

performance indicators of polymer cement concrete, in order to get the most suitable substance 

content. The details are as follows: (1) The composition method and some basic properties of 

polymer cement concrete are explained. (2) Choose suitable polymers, cements, fibers, defoamers, 

and fine aggregates for experiments. (3) Test the mechanical properties, abrasion resistance and 

fluidity of the composite material under different ratios of polymer to ash and defoamer, and the 

most suitable ratio of polymer to ash is 15% and the best defoamer content Is 7%. (4) The 

mechanical properties of composite materials were tested under different fiber content, and the best 

content was 0.2%. (5) Through the experimental analysis of dry shrinkage performance, it is 

concluded that the dry shrinkage ratio of polymer mixed with composite materials is significantly 

lower than that of ordinary cement.  
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