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ABSTRACT 

In order to review the mechanical properties and capability evolution of concrete-filled PVC pipe subjected 

to low temperature throughout uniaxial compression, the uniaxial compression test of concrete-filled PVC 

pipe was performed. Per to the evolution law of peak total energy of concrete-filled PVC pipe subjected to 

low temperature during deformation and failure under different curing ages and temperatures, the effects of 

curing ages and temperatures on concrete-filled PVC pipe were analyzed from the perspective of energy. 

The results show that temperature improves the strength and damage endurance of concrete-filled PVC pipe 

to varying degrees. For samples cured for 28d, the compressive strength of concrete-filled PVC pipe at -20°C 

was 44.529% higher than that at 20°C. The stress process of concrete-filled PVC pipe under load is 

categorized into three stages: elastic stage, yield stage and failure stage. Under different curing 

temperatures, the peak total energy of concrete-filled PVC pipe increases with the increase of age. Under 

different curing ages, the peak total energy of concrete-filled PVC pipe increases with the decrease of curing 

temperature. For samples cured for 28d, the peak total energy of concrete-filled PVC pipe at -20°C is higher 

than that at 20°C. With the decrease of curing temperature, the crack of PVC pipe along the axial direction 

shows continuous decline and the crack of concrete damage is also reduced additionally. 

KEYWORDS: Concrete-filled PVC pipe, low-temperature, Uniaxial compression, Mechanical properties, 

Energy mechanism & Failure pattern 

1. INTRODUCTION 

PVC drain pipe has excellent surface hardness and tensile strength of pipe material, good anti-aging performance, 

excellent corrosion resistance to inorganic acid, alkali and salt, fire resistance, self-extinguishing and alternate 

characteristics[1-2]. Concrete-filled PVC pipe is a composite structure moulded by pouring concrete in prefabricated 

PVC pipe[3-6]. In the concrete structure, concrete-filled PVC pipe uses the interaction between PVC pipe and 

concrete in the process of stress and PVC pipe constraints the cross deformation of core concrete so that it is in a 

tripartite compression state, improve its bearing capacity and ductility with the advantages of convenient 

construction, low cost, good durability and so on. Concrete-filled PVC pipe structure provides a kind of structural 

system for civil engineering structure and has important research significance. 

At present, some progress has been made encompassing the stress-strain relationship of concrete-filled 

PVC pipe structures. Saafi[4]studied the stress-strain relationship of the concrete short column of grooved PVC 

pipe and established the corresponding stress-strain model. The stiffness and constraint mechanism of grooved 

PVC pipe and PVC pipe were different to some degree. Yu Feng et al.[7]studied the stress-strain relationship of 
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PVC pipe confinement concrete and presented the calculation model of the stress-strain relationship of PVC pipe 

confinement concrete, which was based on PVC pipe confinement concrete. However, the material is damaged in the 

process of uniaxial compression accompanied by the change of energy[8-10]. XieHeping et al.[11, 12]concluded that the 

failure law of materials could not be demonstrated only from the perspective of stress and it needed to be analyzed and 

studied from the perspective of energy mechanism. Liu Qi et al.[13] carried out uniaxial cyclic loading and unloading tests 

of concrete under freeze-thaw cycles and obtained the correlation between various strain energies and the number of 

freeze-thaw cycles and the number of cyclic loading and unloading. Tian Wei et al.[14] studied the mechanical properties 

of concrete after freeze-thaw cycles by taking energy dissipation as the research object. Bagde et al.[15] studied the 

correlation between the amount of energy released by rocks and their types. 

Therefore, on the premise of experimental study, the different curing temperature and curing age of concrete-filled 

PVC pipe in uniaxial compression test, analysis of the PVC tube energy evolution rule, in the process of concrete in 

compression failure characteristics can help scholars better understand the PVC pipe damage process of concrete under 

uniaxial compression, for low temperature concrete-filled PVC pipe provided the theoretical basis for engineering 

application. 

2. EXPERIMENT 

1.1 Raw materials, Mix Ratio and Specimen Design 

The cement is Huainan Bagongshan brand P•O 32.5 grade ordinary Portland cement and its chemical composition is 

shown in Table 1. The fine aggregate is natural river sand; the coarse aggregate is continuous graded gravel with a particle 

size of 5-20mm. A total of 27 PVC pipe cylinders are designed in this experiment. The dimension of PVC pipe cylinder is 

Φ 160mm × H320mm. The physical and mechanical parameters of PVC pipe are shown in Table 2.C30 concrete was 

designed according to "General Concrete Mix Proportion Design Regulations" (JGJ55-2011)[16]; the test production size is 

Φ160 mm×H320 mm. The concrete mix ratio is shown in Table 3. 

Table 1: Chemistry Composition of Cement (%) 

Composition SiO2 Al2O3 CaO Fe2O3 SO3 MgO Na2O K2O 

Cement 19.6 6.5 66.3 3.5 2.5 0.7 0.6 0.3 

 

Table 2: Physical and Mechanical Properties of PVC Pipes 

Specification Type Vicat softening temperature/°C Density /(g/cm3) Tensile strength/MPa 

Φ160×δ4.0 83 1534 40 

 

Table 3: Mix Ratio of Concrete 

Cement /(kg/m3) Aggregate/ (kg/m3) Sand /(kg/m3) Water/(kg/m3) 

443.97 1134.9 611.15 210.00 

 

1.2 Concrete-filled PVC Tube Fabrication 

The national standard PVC pipe produced by Beijing Top Technology Co., Ltd., the size of which is 160mm, the wall 

thickness is 4.0mm. is used in this test the PVC pipe with a diameter of 160mm is 400mm. high. When cutting pipe, use 
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manual grinding wheel to cut flat, after cutting, use mechanical grinding to keep both ends of the column smooth and 

smooth. 

1.3 The Manufacture of Concrete-filled PVC pipe 

The sand and stone used in the test are screened by standard sieve respectively and then dried in a dry environment after 

cleaning to ensure the uniformity of water content of raw materials. According to the second chapter, the concrete design 

mix ratio shall be strictly weighed and the concrete shall be prepared. Before pouring, the bottom of PVC pipe shall be 

sealed with a plastic plate and all of them shall be pasted and fixed in the maintenance position. Put the weighed materials 

into the mixer in the correct feeding sequence, mix for 2 minutes and start pouring after the materials are mixed evenly and 

fully mixed. In the test, the PVC pipe is not tightly sealed as the bottom of the formwork and excessive vibration of the 

vibration table may lead to slurry leakage of the internal concrete mixture. Therefore, the test piece shall be vibrated by 

manual layer, and the vibration process shall be step by step. After 24 hours of static setting, the specimens shall be placed 

in the bad conditions of 20°C, -10°C and -20°C respectively for 3, 7 and 28 days. 

1.4 Test Method of Compressive Strength 

After the concrete test block reaches the curing age, the test block is taken out from the curing place and placed next to the 

pressure testing machine in order according to the number. Before the experiment, prepare the ruler, solid glue, label paper 

and black carbon pen, and preheat the machine. The test can be carried out after the water stains on the surface of the 

concrete block are dried. The uniaxial compressive strength test is carried out according to the standard for test methods of 

physical and mechanical properties of concrete (GB/T 50081-2019)[17] as shown in Figure 1. During the compressive 

strength test, adjust the press to 3000kN gear, the loading rate is 3mm/min, pay attention to taking photos during the test, 

and copy the data after the test. There are three parallel specimens in each group and the average value is taken. 

 

Figure 1: Schematic Diagram of Compression Test 

 

2. TEST RESULTS AND ANALYSIS 

2.1 Compressive Strength of Test Results 

The compressive strength results of concrete-filled PVC pipe at different curing ages and different curing temperatures are 
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shown in Table 4. 

Table 4: Test Results of Compressive Strength of Concrete-Filled PVC Pipe 

Curing conditions 20°C -10°C -20°C 

3d 19.52 26.34 33.73 

7d 25.28 28.35 36.18 

28d 27.69 34.4 40.02 

 

In order to more intuitively show the influence of different curing temperature and curing age on the compressive 

strength of concrete-filled PVC pipe, different curing age is the horizontal axis, and the compressive strength is the vertical 

axis. The relationship curve between the two is drawn, as shown in Figure 2. 
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Figure 2: The Relationship between the Compressive Strength and Deformation Modulus of concrete-filled PVC 

pipe Temperature and age 

It can be seen from Figure 2 that under the curing temperature of 20°C, -10°C, -20°C the change trend of 

compressive strength of concrete-filled PVC pipe with age is basically similar and the compressive strength increases with 

the increase of curing age. When the curing age is 3 days, the compressive strength of concrete is increased by 34.938% 

and 72.797% respectively when the temperature is -10°C and -20°C compared with the concrete cured at 20°C. When the 

age is 28d, compared with the concrete cured at 20°C, the compressive strength of concrete at -10°C and -20°C is 

increased by 24.377% and 44.529% respectively. The reason is that the reduction of negative temperature makes the free 

water inside the concrete freeze, and the ice crystal will participate in the internal stress of the concrete when bearing 

pressure. The lower the temperature is, the harder the ice crystal is, the stronger the ability to bear load is, so the 

compressive strength is greater. At the same time, because there is no other constraint around the concrete, the concrete 

shrinks at low temperature, and the lower the temperature is, the more serious the concrete shrinkage is, the shrinkage 

increases the compactness of the specimen, so the compressive strength increases. 

2.2 Analysis of stress-strain curve of concrete-filled PVC pipe 

According to Table 7, the stress-strain curves of concrete under different curing ages (3d, 7d, 28d) and different curing 

temperatures (20°C, -10°C, -20°C) are drawn, as shown in Figure 3. 
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(a)20°C 

 
(b)-10°C 

 

(c)-20°C 

Figure 3: Stress-strain curve of concrete filled PVC pipe 

 

According to Figure 3, the deformation characteristics of concrete-filled PVC pipe under uniaxial compression 

under three curing conditions are different and the stress-strain curve is divided into compaction stage, elastic stage, yield 

stage and failure stage. The peak stress of concrete aged 3d, 7d and 28d at -20°C is higher than that of concrete aged 3d, 7d 

and 28d at 20°C and -10°C, respectively. 

3. TOTAL ENERGY ANALYSIS OF THE UNIAXIAL COMPRESSION TEST OF PVC CONCRETE 

PIPE SUBJECTED TO LOW TEMPERATURE 

In the process of uniaxial compression of concrete-filled PVC pipe at low temperature, energy is accumulated and 

dissipated, and the deformation and failure of concrete-filled PVC pipe occur under the action of pressure. In order to study 

the energy evolution of concrete-filled PVC pipe under uniaxial compression, uniaxial compression tests were carried out. 

According to the evolution law of total energy of concrete-filled PVC pipe in the process of deformation and failure under 

different curing ages and temperatures, the influence of curing ages and temperatures on low temperature concrete is 

analyzed from the perspective of energy. 

Assuming that there is no heat exchange between the compression failure of the concrete sample and the outside 

world, the peak total energy Q input by the press to the concrete sample is completely absorbed. According to the 

calculation formula , the peak total energy of the sample is the coordinate area of the stress-strain curve 
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and the area is summarized as shown in Table 5. 

Table 5 Peak Total Energy Value of Concrete-Filled PVC Pipe (MJ.m-3) 

Curing conditions 20°C -10°C -20°C 

3d 0.234 0.321 0.371 

7d 0.269 0.369 0.394 

28d 0.296 0.390 0.481 

 

In order to intuitively show the relationship between different curing temperatures and different curing ages and 

the total peak energy of concrete-filled PVC pipe, the relationship curve is drawn with different curing ages as the 

horizontal axis and the total peak energy as the vertical axis, as shown in Figure 4. 
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Figure 4: The Relationship between peak Total Energy of concrete-filled PVC pipe and Temperature and age 

It can be seen from Figure 4 that under the conditions of curing temperature of 20°C, -10°C, -20°C, the variation 

trend of peak total energy of concrete-filled PVC pipe with age is basically similar and the peak total energy degree 

increases with the increase of curing age. When the curing age is 3 days compared with the concrete-filled PVC pipe cured 

at 20°C, the peak total energy consumption of concrete-filled PVC pipe at -10°C and -20°C is 37.179% and 58.547% more 

respectively. When the age is 28 days, compared with the concrete-filled PVC pipe cured at 20°C, the peak total energy 

consumption of concrete-filled PVC pipe at -10°C and -20°C is 31.568% and 62.50% more respectively. The reason is that 

the decrease of negative temperature makes the free water inside the concrete-filled PVC pipe freeze. Under the pressure, 

ice crystals will participate in the internal stress of concrete-filled PVC pipe, and the lower the temperature is, the harder 

the ice crystals are. At the same time, due to the restriction of PVC pipe around the concrete, the concrete shrinks at low 

temperature. The lower the temperature is, the more serious the concrete shrinks. The shrinkage increases the compactness 

of the specimen, and the higher the bearing capacity, the stronger the load capacity, the more energy will be consumed. 

3.1 Effect of Age on Energy Evolution 

By calculating the peak total energy of concrete-filled PVC pipe under different curing ages and different curing 

temperatures, it is found that the peak total energy of concrete-filled PVC pipe increases in power function with the 

increase of curing ages (as shown in Figure 5). 
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The results show that the peak value of total energy of PVC pipe under uniaxial curing at -20°C and -28°C 

increases. The peak total energy consumption of 28d curing concrete-filled PVC pipe at 20°C, -10°C and -20°C curing 

temperature is 14.957%, 26.496%, 14.953%, 21.495%, 6.199% and 29.650% more than that of 3d and 7d curing 

respectively. The results show that the peak total energy of concrete with curing age of 3 days accounts for 86.989%, 

79.054%, 86.992%, 82.308%, 94.162% and 77.131% of concrete with curing age of 7 days and 28 days at 20°C, -10°C and 

-20°C, respectively. It can be concluded that at the same curing temperature, the peak total energy of concrete-filled PVC 

pipe will be greatly increased during the curing period. The reason is that the hydration reaction of concrete produces 

cementitious materials, which makes the concrete interior become dense. At the same time, due to the low temperature 

effect, hard ice crystals and PVC pipes are generated to restrain the concrete. The stronger the ability to bear the load, the 

more energy is needed for the damage caused by compression. 
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Figure 5: Variation curve of Peak Total Energy with Curing Age 

 

3.2 Influence of Temperature on Energy Evolution 

It can be seen from Figure 6 that with the decrease of curing temperature, the peak total energy of concrete-filled PVC pipe 

under compression failure increases gradually. When the curing age is 3 days and the curing temperature is 20°C, -10°C, -

20°C, the average peak total energy of concrete-filled PVC pipe is 0.234 MJ/m3, 0.321 MJ/m3 and 0.371 MJ/m3 

respectively; when the curing age is 7 days and the curing temperature is 20°C, -10°C and -20°C, the average peak total 

energy of concrete-filled PVC pipe is 0.269 MJ/m3, 0.369 MJ/m3 and 0.394 MJ/m3 respectively; the curing age is 28 days 

When the curing temperature is 20°C, -10°C and -20°C, the average peak total energy of concrete-filled PVC pipe is 0.296 

MJ/m3, 0.390 MJ/m3 and 0.481 MJ/m3 respectively. At the same time, it can be concluded that there is a good linear 

function relationship between the peak total energy and the curing temperature. 

The peak total energy consumption of concrete-filled PVC pipe at curing temperature of -20°C for 3d, 7d and 28d 

is 58.547%, 46.468% and 62.50% more than that at curing temperature of 20°C and -10°C, and 15.570%, 67.750% and 

23.333% more than that at curing temperature of -20°C and -10°C, respectively. The peak energy of concrete-filled PVC 

pipe at curing temperature of 20°C accounted for 72.897%, 63.073%, 72.90%, 68.073%, 75.897% and 61.538% of the 

curing temperature of -10°C and -20°C respectively. The peak energy can represent the energy storage limit of concrete, 
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and can better reflect the ability of concrete to resist failure. 

With the decrease of the curing temperature of concrete-filled PVC pipe, the free water in concrete-filled PVC 

pipe generates ice crystals under the action of low temperature. The lower the temperature is, the harder the ice crystals 

become. PVC pipe can restrain the surrounding concrete. The bearing capacity of concrete-filled PVC pipe is enhanced and 

the ability to resist deformation and damage are also enhanced. Therefore, the energy required for concrete specimen 

failure of concrete-filled PVC pipe under uniaxial compression will also increase many. 

 

Figure 6: The Relation curve of Peak Total Energy and Curing Temperature 

 

4. FAILURE MODE ANALYSIS OF CONCRETE-FILLED PVC PIPE UNDER UNIAXIAL 

COMPRESSION 

The compressive failure modes of concrete-filled PVC pipe under different curing ages and temperatures are shown in 

Figure 7. 
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(b) Macroscopic failure mode of concrete-filled PVC pipe under -10 °C curing condition 

   

(c) Macroscopic failure mode of concrete-filled PVC pipe under -20 °C curing condition 

Figure 7: Macroscopic failure mode of concrete-filled PVC pipe 

Figure 7 shows the failure mode of compression test of concrete-filled PVC pipe specimen, Figure 7 (a) the failure 

mode of compression test of concrete-filled PVC pipe at each curing age under the condition of 20°C curing temperature, 

Figure 7 (b) the failure mode of compression test of concrete-filled PVC pipe at each curing age under the condition of -

10°C curing temperature, Figure 7 (c) -20ºC. Under the condition of curing temperature, the failure mode of concrete-filled 

PVC pipe compressive test at each curing age. When the concrete of PVC pipe is damaged under pressure, it makes a 

sound and cracks along the axial direction. When the curing temperature is 20 °C and the curing age is 3 days, the concrete 

block in PVC pipe falls off; when the curing temperature is 20 °C and the curing age is 7 days, the concrete in PVC pipe 

cracks under pressure. With the decrease of curing temperature, the cracks along the axial direction of PVC pipe are 

smaller and smaller and the concrete damage cracks are also reduced. This is because when the concrete is cured at low 

temperature, the internal water forms ice and fills the gap, making the concrete denser. 

5. CONCLUSIONS 

The compressive strength tests of concrete-filled PVC pipe with different curing ages and temperatures are carried out, and 

the effects of different curing ages and temperatures on the compressive strength, stress-strain curve and peak total energy 

evolution of concrete-filled PVC pipe are analyzed. According to the test results and analysis, the following conclusions 

are drawn. 

 Curing age and temperature have different effects on the strength of concrete. When the curing age is 3 days, the 

compressive strength of concrete is increased by 30.533% and 36.936% respectively when the temperature is -

10°C and -20°C compared with the concrete cured at 20°C. When the age is 28d, compared with the concrete 

cured at 20°C, the compressive strength of concrete at -10°C and -20°C is increased by 5.453% and 15.465% 
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respectively. 

 Under the curing temperature of 20°C, -10°C, -20°C, the change trend of peak total energy of concrete-filled PVC 

pipe with age is basically similar and the peak total energy degree increases with the increase of curing age. When 

the curing age is 3 days compared with the concrete-filled PVC pipe cured at 20°C, the peak total energy 

consumption of concrete-filled PVC pipe at -10°C and -20°C is 37.179% and 58.547% more respectively. When 

the age is 28 days, compared with the concrete-filled PVC pipe cured at 20 °C, the peak total energy consumption 

of concrete-filled PVC pipe at -10°C and -20°C is 31.568% and 62.50% more respectively. At the same time, 

there is a good linear function relationship between the peak total energy and curing temperature when concrete-

filled PVC pipe is damaged under compression. 

 When the concrete of PVC pipe is damaged under pressure, it makes a sound and cracks along the axial direction. 

When the curing temperature is 20°C and the curing age is 3 days, the concrete block in PVC pipe falls off; when 

the curing temperature is 20°C and the curing age is 7 days, the concrete in PVC pipe cracks under pressure. With 

the decrease of curing temperature, the cracks along the axial direction of PVC pipe are smaller and smaller and 

the concrete damage cracks are also reduced. 

REFERENCES 

1. WANGXinzhong, LIChuanxi, ZHOU Wei, et al. Experimental study on PVC pipe restrained of reinforced basalt fiber concrete 

(BFRC) short columns under axial compression [J].Bulletin of the Chinese Ceramic Society, 2017,36(07):2430-2435. 

2. LI Chengwu, ZUOJicheng. Technology status-quo and development direction of PVC pipes[J]. Contemporary Chemical 

Industry, 2015, 44(4): 711-714. 

3. YU Feng. Experimental study and theoretical analysis on mechanical behavior of PVC-FRP confined concrete column [D]. Xi 

'an: Xi 'an University of Architecture and Technology, 2007. 

4. Nallusamy, S., et al. "Implementation of total productive maintenance to enhance the overall equipment effectiveness in 

medium scale industries." Int. J. Mech. Prod. Eng. Res. Dev 8 (2018): 1027-1038. 

5. Saafi, M. Development and behavior of a new hybrid column in infrastructure systems[D]. Huntsville: University of Alabama, 

2001. 

6. YANG Yang. Experimental study on axially compressed concrete stub columns confined by different materials[D]. Guangzhou: 

Guangdong University of Technology, 2008. 

7. Suresh, N., B. Srinivasa Reddy, and M. Ravindra Gandhi. "Manufacturing and analysis of four-way hacksaw machine by 

pedaling." International Journal of Industrial Engineering & Technology (IJIET) 8.2 (2018): 13-20. 

8. LI Deguang. Study on mechanical properties of biased PVC-FRP tube reinforced concrete columns [D]. Ma anshan: Anhui 

University of Technology, 2013. 

 100                                                                                                                                                Kweku Darko Forson & Ma Qinyong 



 
www.tjprc.org                                                                                                                                                                      editor@tjprc.org 

9. YU Feng, NIU Ditao. Stress-strain model of PVC-FRP confined concrete column[J]. International Journal of physical science, 

2010, 5(15) : 2304-2309. 

10. WANG Pu, CHEN Denhong, CHENG Zhuoqun, et al.Energy Evolution Law of Concrete Under Dynamic Uniaxial 

Compression[J].Journal of Yangtze River Scientific Research Institute, 2020, 37(04): 132-137. 

11. Ramaswamy, R., et al. "Investigation of densification behaviour on yttrium oxide reinforced Ti-6Al-4V nano-composite through 

powder metallurgy." Int J Mech Prod Eng Res Dev 8.2 (2018): 433-442. 

12. GONG Fengqiang, LUO Song, LIXibing, et al. Linear energy storage and dissipation rule of red sandstone materials during 

the tensile failure process[J]. Chinese Journal of Rock Mechanics and Engineering, 2018, 37(2): 352-363. 

13. SUChengdong, SUNYuning, ZHANGZhenhua, et al. On the effect of water-saturated state on failure energy of sandstone from 

coal seam roof subjected to uniaxial compression[J]. Journal of experimental mechanics, 2017, 32(2): 223-231. 

14. XIEHeping, PENGRuidong, JU Yang. Energy dissipation of rock deformation and fracture[J]. Chinese Journal of Rock 

Mechanics and Engineering, 2004, 23(21) : 3565-3570. 

15. Golshahr, Alireza, et al. "Multi wall carbon nanotube reinforced silicone for aerospace applications." Int. J. Mech. Prod. Eng. 

Res. Dev 8.4 (2018): 743-752. 

16. XIE Heping, PENG Ruidong, JU Yang, et al.On energy analysis of rock failure[J]. Chinese Journal of Rock Mechanics and 

Engineering, 2005, 24(15) : 2604-2608. 

17. LIU Qi, PENG Gang, XUTonglin, et al. Study of outer envelope curve and energy evolution for freeze-thaw deteriorated 

concrete under cyclic loading and unloading test[J]. Hydro-science and engineering, 2017, (6): 85-91. 

18. Patel, Brijesh Kumar, et al. "Development of fly ash based new biocomposites material as wood substitute." International 

Journal of Mechanical and Production Engineering Research and Development (IJMPERD) (2017): 1-6. 

19. TIAN Wei, TIANXueping, PEIZhiru, et al. Energy properties of freeze- thaw cycles concrete under different loading 

condition[J]. Journal of basic science and engineering, 2017, 25(3): 595-603. 

20. Mehdi, Hayder A., and MARYAM SINAN RASHEED. "Effect of Slenderness Ratio on the Behavior of Reinforced Concrete 

Column Confined with Carbon Fiber Reinforced Polymer Composites Under Axial Load." International Journal of Civil, 

Structural, Environmental and Infrastructure Engineering Research and Development (IJCSEIERD) 7.6 (2017): 1-20. 

21. BAGDE Manoj N, PETROSVladimir. Fatigue and dynamic energy behaviour of rock subjected to cyclical loading[J]. 

Effects of Low Temperature on the Mechanical Properties of Concrete-Filled Pvc Pipe                                                                101 



 
Impact Factor (JCC): 9.5582                                                                                                                                                       Rating: 4.15 

International Journal of Rock Mechanics & Mining Sciences, 2009, 46(1) : 200-209. 

22. China Academy of Building Research. Specification for mix proportion design of ordinary concrete: JGJ 55-2011[S]. Beijing: 

China Architecture & Building Press, 2011. 

23. Hussain, MOHAMMAD AHMED, and Ramancharla Pradeep Kumar. "Modelling of buried faults using applied element 

method." International Journal of Earthquake 3.1 (2013): 1-16. 

24. China Academy of Building Research. The Standard for test methods of concrete physical and mechanical properties: 

GB/T50081-2019[S]. Beijing: China Architecture & Building Press, 2019. 

 

 102                                                                                                                                                Kweku Darko Forson & Ma Qinyong 


