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ABSTRACT 

	As the most widely used building material, concrete is subjected to cyclic loads for a long time in projects such as bridges and pavements, and fatigue failure has become a key issue affecting structural safety and service life. This paper systematically combs the research status of concrete fatigue performance at home and abroad, focuses on analyzing the fatigue characteristics of conventional modified concrete, recycled aggregate concrete, and rubber-modified concrete, as well as the enhancement effects of single fibers (such as steel fibers and basalt fibers) and hybrid fibers on the fatigue performance of concrete, and summarizes the key influencing factors such as material composition, environmental conditions, and load parameters. The research shows that optimizing the mix ratio and adding modified materials or fibers can effectively improve the fatigue resistance of concrete. Among them, the synergistic enhancement effect of hybrid fibers is better than that of single fibers, and recycled aggregate concrete and rubber-modified concrete can meet engineering needs after reasonable modification. Finally, combined with the current research deficiencies, the future research directions such as green and low-carbon modification, application of new fibers, intelligent testing and life prediction are prospected, providing a reference for the design and engineering application of high-performance concrete structures.
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1. INTRODUCTION

Concrete has become the most widely used man-made building material in the world due to its excellent mechanical properties, good durability, wide availability of raw materials and low cost, and is widely used in building structures bearing repeated loads such as bridges, highway pavements and sleepers. However, ordinary concrete has inherent shortcomings such as easy cracking, low tensile strength and poor toughness, and is prone to fatigue failure below the static load strength under the action of cyclic loads such as vehicles and trains, which seriously affects the structural safety and service life.​

The fatigue performance of concrete refers to its fatigue resistance under repeated loads. The fatigue life is the number of load cycles that concrete can bear without damage under specific load conditions, and the core of fatigue failure is the initiation and propagation of microcracks. The factors affecting its fatigue performance include the material itself, the external environment, the load application method and cyclic parameters. Optimizing the mix ratio and adding modified materials or fibers are effective ways to improve its fatigue resistance.​

The fatigue performance of concrete is directly related to the service safety of engineering structures. Systematically summarizing its research status, optimization methods and future directions is of great theoretical and engineering value. Based on relevant research at home and abroad, this paper combs the research status of concrete fatigue performance, briefly looks forward to the future research directions and draws conclusions, providing a reference for subsequent research and engineering applications..

2. RESEARCH STATUS AT HOME AND ABROAD​

2.1 Research Status on Fatigue Performance of Different Types of Concrete​

As one of the main components of pavement materials, many scholars at home and abroad have studied the fatigue performance of concrete through experiments to improve its fatigue performance. Starting from three angles: concrete splitting tensile fatigue, fatigue damage and bond-slip constitutive model, it is a common method to study the fatigue performance of concrete [11].

In terms of the research on conventional concrete and modified concrete, Fan Yufei [12] et al. studied the fatigue performance of high-strength concrete, focusing on the influence of water content on the fatigue failure cycle of high-strength concrete and its additional influence on loading frequency and size effect. The results show that the fatigue resistance expressed by the fatigue failure cycle will be reduced by the humid environment, and the water content will also affect the fatigue performance of high-strength concrete. Li Zhenzhong [13] et al. compared and analyzed the fatigue resistance of high-flexural S-CSA concrete and ordinary Portland cement concrete through three-point bending fatigue test and acoustic emission test. The research results show that under the same load, the number of coarse aggregate fractures of high-flexural S-CSA concrete is more, and its fatigue life is higher than that of OPC concrete under different strength grades, and the improvement range increases significantly with the increase of strength grade, up to about 7.2 times. Shang Zhiyuan [14] et al. compared the fatigue performance of different types of high-flexural strength pavement concrete through indoor experiments, and found that the fatigue performance of high-flexural strength pavement concrete is significantly better than that of ordinary pavement concrete and high-performance pavement concrete. Adding admixtures can further improve its fatigue performance and extend its service life. Chen Zhongda [15] et al. based on the fatigue test with stress level of 0.70 ~ 0.85, used the two-parameter Weibull distribution model for data processing, and established the equivalent fatigue life prediction equation and fatigue life prediction equation. The comparative analysis shows that the silica fume pavement concrete has good fatigue performance, which is significantly better than ordinary concrete, and its fatigue life is 3 ~ 6 times higher than that of ordinary concrete under the same load.

In the field of research on the fatigue performance of recycled aggregate concrete (RAC), relevant explorations have formed relatively systematic results. Ji Tianjian et al. [16] produced recycled cement concrete using the waste from the maintenance and repair of cement concrete pavements. The fatigue performance test confirmed that its fatigue law is similar to that of ordinary cement concrete, and its fatigue life is high under high stress level, indicating that recycled cement concrete can fully meet the mechanical performance requirements of pavement slabs. Li Yibing et al. [17] compared the performance of concrete with different recycled coarse aggregate ratios (RAC-50, RAC-100) and natural coarse aggregate concrete (RAC-0) through bending fatigue test and static bending test. The results show that the maximum flexural strengths of RAC-0, RAC-50 and RAC-100 are 5.10MPa, 4.89MPa and 4.53MPa respectively. The performance of RAC-50 is equivalent to that of RAC-0, while the fatigue performance of RAC-100 is significantly reduced. At the same time, the material coefficients of the fatigue strength prediction model are obtained. The fatigue strengths of RAC-50 and RAC-100 are 50% and 56% of the actual flexural strength respectively. You Fan et al. [18] carried out bending fatigue tests on natural aggregate concrete (NAC), recycled aggregate concrete (RAC) and silica fume recycled aggregate concrete (RAC-SF) under 3 stress levels. Weibull distribution test found that the bending fatigue life of RAC obeys the two-parameter Weibull distribution, and the double-logarithmic fatigue equation can be fitted according to the Weibull parameters; compared with NAC, RAC has a larger thickness of multiple interface transition zones and lower indentation modulus, which is more prone to crack derivation and development, and lower bending fatigue life under the same stress level; the addition of silica fume can reduce the thickness of multiple interface transition zones of RAC, improve its indentation modulus, enhance the ability to inhibit fatigue damage, and thus improve the bending fatigue resistance. Based on digital image correlation (DIC) technology, Su Yongqing [19] explored the influence of nano-SiO₂ and steel fibers on the bending fatigue performance of recycled aggregate concrete. The results show that adding recycled aggregates will reduce the bending fatigue life of concrete and increase the debonding damage between aggregates and matrix; nano-SiO₂ can significantly improve its bending fatigue life and reduce debonding damage; the volume content of steel fibers has an increasing trend with the bending fatigue life, and the enhancement effect is the best when the content is 1.5%, with an increase range of 93%-237%; the bending fatigue life of recycled aggregate concrete obeys the three-parameter Weibull distribution, and its discreteness is greater than that of natural aggregate concrete. Nano-SiO₂ and steel fibers can reduce the discreteness to a certain extent. In addition, Zhang et al. [20] studied the compressive fatigue performance of nano-silica (NS) modified recycled aggregate concrete. The results show that the failure modes of specimens with different design parameters are mainly shear failure, conical failure and mixed failure. The fatigue life decreases with the increase of recycled coarse aggregate (RCA) replacement ratio. Based on the two-parameter Weibull distribution function, a fatigue life equation considering the influence of variable parameters under different failure probabilities is proposed.

In terms of the research on rubber-modified concrete, relevant tests have confirmed that it has unique advantages in improving fatigue performance. Fu Jian et al. [21] studied the compressive strength, three-point bending fatigue performance and fatigue life of waste rubber concrete. The results show that adding rubber powder to ordinary concrete reduces the apparent density and compressive strength, but significantly improves the toughness and deformation performance, reduces brittleness, improves fatigue performance and extends service life. Xue Gang et al. [22] prepared rubber concrete by replacing sand with rubber particles of 30 mesh at different contents, and carried out uniaxial compression fatigue test under constant amplitude cyclic load. The damage was defined by Miner's cumulative damage theory and the fatigue strain damage model was established. Reliability analysis shows that under the same stress level, the fatigue life of rubber concrete is better than that of ordinary cement concrete, and increases with the increase of rubber content; its fatigue strain change conforms to the three-stage law of ordinary concrete fatigue strain development, and the fatigue life obeys the log-normal distribution. The P-S-N curve and fatigue limit strength can be obtained through linear regression analysis of the double-logarithmic equation. Yan Yan et al. [23] studied the rubber concrete with 40% content, and found that its compressive strength decreased by 34.64% and elastic modulus decreased by 28.84%, while its compressive strength increased by 3.53% and elastic modulus increased by 16.28% at -40℃; at stress levels of 0.75, 0.80 and 0.85, the fatigue life times of rubber concrete increased by 83.39%, 73.71% and 31.11% respectively. The single-logarithmic fatigue equation was selected to describe its fatigue characteristics, and the correlation coefficients of the regression equations were all close to 1, with good prediction effect. Shi Lingxia et al. [24] tested the mechanical properties and fatigue performance of rubber recycled coarse aggregate concrete with different mix ratios. The results show that the compressive strength of recycled coarse aggregate concrete is 9.8% higher than that of ordinary concrete, but the flexural strength is lower and the elastic modulus is slightly decreased; its basic mechanical properties are significantly decreased with the addition of waste rubber particles, but the flexural-compressive ratio is increased, and the peak deflection, peak strain and ultimate strain increase with the increase of rubber particle content within a certain range; when the rubber particle content is 20%, the ultimate strain of rubber recycled coarse aggregate concrete is 3.46 times that of recycled coarse aggregate concrete without rubber, and the fatigue life is significantly enhanced.

2.2 Research Status on the Influence of Fibers on the Fatigue Performance of Concrete​

Studies have found that the addition of fibers can effectively improve the fatigue performance of concrete, and the improvement effect of concrete fatigue performance varies with the type and content of fibers. Du Shichao [25] et al. analyzed the influence of different steel fiber volume fractions and fiber lengths on the flexural tensile strength and bending fatigue performance of components through bending fatigue tests on 3D printed specimens. The research shows that the steel fibers mixed in 3D printed components can effectively prevent the generation and propagation of transverse cracks, significantly improve the flexural tensile strength, crack resistance and fatigue resistance of concrete components, and the steel fiber volume fraction has a more obvious influence on the fatigue performance than the steel fiber length. In the further research on steel fiber concrete, Zhang Zhibiao [26] et al. aimed at the prominent fatigue problem of concrete materials and the lack of research on the fatigue of steel fiber concrete, used the electro-hydraulic servo material testing machine to carry out uniaxial fatigue tests on steel fiber concrete (SFRC) specimens with 4 steel fiber volume fractions and 8 stress levels for each. Through regression processing of the test data, the reasonable steel fiber volume fraction corresponding to higher fatigue strength was obtained, the S-N fatigue life curve was fitted and the SFRC material fatigue equation considering the steel fiber volume fraction was derived. The test shows that when the steel fiber volume fraction is 1.0%, the fatigue strength of SFRC material reaches 0.7751 MPa, which is 19.59% higher than that of ordinary concrete. This content has both rationality and practicality, and can be used as the preferred content of steel fiber concrete structures bearing fatigue loads in engineering.

As a commonly used reinforcing fiber, the enhancement effect of basalt fiber on the fatigue performance of concrete has attracted wide attention of scholars at home and abroad. Li et al. [27] carried out phased fatigue load tests to study the performance of basalt fiber reinforced concrete (BFRC) under fatigue load, and discussed the changes of its mechanical properties with load cycles, fiber content and stress level. The research shows that compared with ordinary concrete, the average pore size of BFRC under load is reduced by 16.39% to 21.06%, and the linear rising slope of multiple harmful pores is reduced, which means that basalt fiber helps to improve the pore structure during service. Bai Jianwen et al. [28] carried out three-point bending fatigue tests on basalt fiber concrete specimens with 4 fiber contents under 3 different stress levels. Combined with mathematical statistics, it was verified that the bending fatigue life conforms to the two-parameter Weibull distribution, and the double-logarithmic fatigue equations under different failure probabilities were fitted. The research found that with the decrease of stress level, the Weibull shape parameter first decreases and then increases, and the discreteness of bending fatigue life shows a change characteristic of first increasing and then decreasing. The increase of fiber content makes the distribution of concrete bending fatigue life more uniform, the discreteness smaller, and the fatigue life significantly improved. Tan Yan et al. [29] further studied the influence of basalt fibers with different lengths and contents on the fatigue performance of concrete. Three lengths of basalt fibers (6 mm, 9 mm and 12 mm) were selected, and three volume contents (0.1%, 0.2% and 0.3%) were set. The results show that the fatigue life of concrete decreases significantly with the increase of stress level. Except for two groups of tests, the fatigue life of specimens reaches the peak when the basalt fiber content is 0.2%. At the stress level of 0.85, the basalt fiber with 6 mm length and 0.2% content can increase the fatigue life of concrete by 17 times, which is the largest increase ratio among all groups. At the same time, basalt fiber can also improve the toughness of concrete and further enhance its fatigue load resistance.

Zhong et al. [30] recycled waste concrete materials into recycled coarse aggregates to produce concrete, and studied the influence of basalt fiber (BF) and polyacrylonitrile fiber (PANF) on the performance of RAC. The test results show that BF and PANF significantly improve the bending strength and fatigue life of RAC. Among them, significant performance improvement is observed in the mixture containing 0.1% BF and 0.15% PANF, and the Weibull theory shows a good fit to the test data, and the double-logarithmic fatigue equation has a better prediction effect than the single-logarithmic equation. In addition to single fibers, the enhancement effect of hybrid fibers on the fatigue performance of concrete has also been verified by many studies. Chen Meng et al. [31] carried out four-point bending fatigue tests on plain concrete, polypropylene fiber concrete, steel fiber concrete and steel-polypropylene hybrid fiber concrete under three stress levels (0.85, 0.8 and 0.75). Based on the two-parameter Weibull distribution theory, the Weibull shape parameters and characteristic life parameters were obtained by graphical method, moment estimation method and maximum likelihood estimation method, the fatigue life of concrete under different failure probabilities was predicted and the double-logarithmic fatigue equation was established. The research shows that the bending fatigue test data of concrete under different stress levels all conform to the two-parameter Weibull distribution, fibers can effectively improve the fatigue performance of concrete, and the enhancement effect of hybrid fibers is better than that of single fibers. The research results can provide basic theoretical support for engineering applications. Li Haijiao et al. [32] took the high-volume mineral admixture fiber-reinforced lightweight aggregate concrete as the research object, used 20% fly ash and 50% granulated blast furnace slag to partially replace cement, set the test variables of single or mixed steel fibers and polyvinyl alcohol (PVA) fibers with different contents, carried out constant stress cyclic compression tests and studied its fatigue stress-strain response. The results show that with the increase of cyclic loading times, the number of macro cracks in steel fiber concrete is more than that in PVA fiber concrete, and the failure of specimens is characterized by lightweight aggregate fracture and progressive fiber pull-out (steel fiber) or fracture (PVA fiber); the fatigue strain and residual strain of steel fiber concrete are the largest, while those of hybrid fiber concrete are the smallest. Under the same stress level, the fatigue life of hybrid fiber concrete is the longest, and that of steel fiber concrete is the shortest. The ultimate fatigue damage of steel fiber concrete is higher than that of PVA fiber concrete and hybrid fiber concrete, and this difference will gradually decrease with the decrease of the maximum stress level.

As another type of fiber material, polyester fiber shows good effect in improving the fatigue performance of asphalt concrete. Wu Jinrong et al. [33] studied the change law of asphalt concrete fatigue performance under different polyester fiber contents and stress ratio conditions through indoor beam three-point loading fatigue test. The results show that under the same stress ratio, the fatigue life of asphalt concrete first increases and then decreases with the increase of polyester fiber content, and its optimal content is 0.2%; under the same polyester fiber content, the fatigue life decreases with the increase of stress ratio, indicating that adding polyester fiber can significantly improve the fatigue life of asphalt concrete pavement, and this research also provides a theoretical basis for the structural design of asphalt concrete pavement.

3. FUTURE OUTLOOK​

Combined with the current research status of concrete fatigue performance and the actual engineering needs, the future research can focus on four directions: first, deepen the research on the fatigue performance of green and low-carbon modified concrete, and promote the collaborative application of green materials such as recycled aggregates and waste rubber; second, strengthen the innovative application of new fibers and hybrid fibers to optimize the enhancement effect; third, improve the fatigue testing and life prediction model combined with intelligent technology to improve accuracy; fourth, promote the engineering transformation of research results and improve relevant standards and specifications to provide support for engineering applications.

4. CONCLUSIONS

This paper systematically combs the relevant research on concrete fatigue performance at home and abroad, and draws the following conclusions: the fatigue performance of concrete is affected by many factors such as materials, environment and load. The core of fatigue failure is the initiation and propagation of microcracks under cyclic load. Optimizing the mix ratio and adding modified materials or fibers can effectively improve its fatigue resistance. The fatigue performance of different types of concrete is significantly different. Recycled aggregate concrete and rubber-modified concrete can meet engineering needs after reasonable modification; fiber reinforcement is an effective way to improve the fatigue performance of concrete, and the optimal content and enhancement effect of different fibers are different. At present, there are still problems such as insufficient collaborative modification of green materials and insufficient engineering transformation of results. In the future, it is necessary to focus on the green and intelligent direction to deepen the research, providing support for the design and application of high-performance concrete structures.

COMPETING INTERESTS 

Author has declared that no competing interests exist.

REFERENCES

1.   Redwan Ul Islam,Jawad Khalil & Asad Hanif.(2025).Fatigue performance of ultra-high-performance concrete (UHPC): A critical review.Journal of Building Engineering,101,111881-111881. https://doi.org/10.1016/J.JOBE.2025.111881.
2.   Haoran Cai.(2025).A Review of Fatigue Performance of Fiber Mixture with Concrete.Advances in Research,26(1),110-115. https://doi.org/10.9734/AIR/2025/V26I11238.
3.   Saifurahman Zaland,Lei Peng,Zhuo Tang,Hong Zhao,Youjun Xie,Guangcheng Long... & Wei Hou.(2024).Experimental study on the flexural fatigue performance of geopolymeric recycled aggregate concrete.Construction and Building Materials,418,135451-. https://doi.org/10.1016/J.CONBUILDMAT.2024.135451.
4.   Xutao Zhang,Chao Lou & Xikuan Lyu.(2024).Experimental study on direct tensile fatigue performance of basalt fiber reinforced concrete..Scientific reports,14(1),765-765. https://doi.org/10.1038/S41598-024-51403-1.

5.   Sun Daosheng,Huang Wei,Liu Kaiwei,Ma Rui,Wang Aiguo,Guan Yanmei & Shen Shansan.(2022).Effect of the Moisture Content of Recycled Aggregate on the Mechanical Performance and Durability of Concrete.Materials,15(18),6299-6299. https://doi.org/10.3390/MA15186299.
6.   Kachkouch Fatima Zahraa,Noberto Camila Carvalho,de Albuquerque Lima Babadopulos Lucas Feitosa,Melo Abcael Ronald Santos,Machado Amanda Moreira Lima,Sebaibi Nassim... & El Mendili Yassine.(2022).Fatigue behavior of concrete: A literature review on the main relevant parameters.Construction and Building Materials,338, https://doi.org/10.1016/J.CONBUILDMAT.2022.127510.
7.   Wang Zhihui, Wang Lei & Zhao Yanru.(2017).A Review of the Influence of Fibers on the Fatigue Performance of Concrete.(eds.)Proceedings of the October 2017 Academic Exchange Conference on Building Technology and Management(pp.8-10).School of Civil Engineering, Inner Mongolia University of Technology;
8.   Xiong Guangze, Yin Chunhua & Wei Yunzhong.(2017).A Review of Research on Fatigue Performance of Recycled Coarse Aggregate Concrete.Anhui Architecture,24(05),404+418. https://doi.org/10.16330/j.cnki.1007-7359.2017.05.142.
9.   Li Xiaolu, Jin Baohong & Cui Lijuan.(2016).Research Progress on Fatigue Failure of Concrete.Sichuan Cement,(04),322. 
10. A. Akbarnezhad,K. C. G. Ong & M. H. Zhang.(2013).Acid Treatment Technique for Determining the Mortar Content of Recycled Concrete Aggregates.Journal of Testing and Evaluation: A Multidisciplinary Forum for Applied Sciences and Engineering,41(3),441-450. https://doi.org/10.1520/JTE20120026.
11. Zhou Quan, Ma Ke. A Review of Research on Fatigue Performance of Concrete[J]. Concrete and Cement Products, 2023, (02): 28-32+37. https://doi.org/10.19761/j.1000-4637.2023.02.028.06.
12. Fan Yufei. Study on Fatigue Performance of High-Strength Concrete in Different Dry and Wet Environments[J]. China Water Power & Electrification, 2023, (11): 49-55. https://doi.org/10.16617/j.cnki.11-5543/TK.2023.11.10.
13. Li Zhenzhong, Ma Chen, Gong Bo, et al. Study on Fatigue Performance of High-Flexural Slag Sulphoaluminate Cement Concrete[J]. Municipal Technology, 2024, 42(03): 164-170+205. https://doi.org/10.19922/j.1009-7767.2024.03.164.
14. Shang Zhiyuan, Wang Rideng. Study on Fatigue Performance of High-Flexural Strength Pavement Concrete[J]. Road Machinery & Construction Mechanization, 2008(06): 44-46.
15. Chen Zhongda, Liang Feng, Liu Genchang, et al. Fatigue Characteristics of Silica Fume Pavement Concrete[J]. Journal of Chang'an University (Natural Science Edition), 2005(01): 1-5. https://doi.org/10.19721/j.cnki.1671-8879.2005.01.001.
16. Ji Tianjian, Wang Hui, Chen Rongsheng. Fatigue Performance of Recycled Cement Concrete[J]. Journal of Traffic and Transportation Engineering, 2002(02): 16-18.
17. Li Yibing, Yun Guangkun, Shen Dongliang. Study on Bending Fatigue Performance of Recycled Coarse Aggregate Concrete[J]. Construction Machinery, 2024(01): 38-41. https://doi.org/10.14189/j.cnki.cm1981.2024.01.030.
18. You Fan, Nian Mengfei, Zheng Jianlan, Luo Surong. Study on Bending Fatigue Performance of Recycled Aggregate Concrete[J]. Journal of Building Structures, 2022, 43(04): 134-141. https://doi.org/10.14006/j.jzjgxb.2020.0728.
19. Su Yongqing. Study on Bending Fatigue Performance of Recycled Aggregate Concrete Based on DIC Technology[D]. Fuzhou University, 2022. https://doi.org/10.27022/d.cnki.gfzhu.2022.000422.
20. Xianggang Zhang, Chenhui Wang, Junbo Wang, Xuyan Liu, Yajun Huang, Liuyang Wang, Yahong Ding. Experimental study on the compressive fatigue performance of nano-silica modified recycled aggregate concrete[J]. Construction and Building Materials, 2024, 447: 138161. https://doi.org/10.1016/J.CONBUILDMAT.2024.138161.
21. Fu Jian, Zhang Qian, Wu Feng, et al. Study on Fatigue Performance of Waste Rubber Concrete[J]. Applied Chemical Industry, 2021, 50(04): 943-945. https://doi.org/10.16581/j.cnki.issn1671-3206.20210127.009.
22. Xue Gang, Zhu Haojun, Xu Sheng, et al. Study on Uniaxial Compression Fatigue Performance of Rubber Concrete[J]. Engineering Mechanics, 2022, 39(11): 203-211.
23. Yan Yan, Kong Yu, Wang Yingbin, et al. Study on Mechanical Properties and Fatigue Performance of Rubber Concrete[J]. Journal of Hubei University of Technology, 2023, 38(02): 61-65.
24. Shi Lingxia, Li Junjie. Experimental Study on Performance of Rubber Recycled Coarse Aggregate Concrete[J]. China New Technology and New Products, 2023(01): 106-108. https://doi.org/10.13612/j.cnki.cntp.2023.01.032.
25. Du Shichao, Kang Chunxia, Wu Xiaoguang, et al. Study on Bending Fatigue Performance of 3D Printed Concrete[J/OL]. Journal of Railway Science and Engineering:1-12[2024-04-19]. https://doi.org/10.19713/j.cnki.43-1423/u.T20231744.
26. Zhang Zhibiao, Guo Mengmeng, Zhu Rulin, Feng Zhongren. Experimental Study on the Influence of Steel Fiber Content on the Tensile Fatigue Performance of Concrete[J]. Journal of China & Foreign Highway, 2021, 41(02): 291-295. https://doi.org/10.14048/j.issn.1671-2579.2021.02.058.
27. Zhennan Li, Feng Yu, Xiaoqian Dai, Aiqin Shen, Xiushan Wang. Investigation on performance of basalt fiber-reinforced concrete under fatigue load[J]. Materials and Structures, 2025, 58(3): 98. https://doi.org/10.1617/S11527-025-02610-3.
28. Bai Jianwen, Zhao Yanru, Su Song. Study on Bending Fatigue Performance of Basalt Fiber Concrete[J]. Industrial Construction, 2022, 52(07): 186-191+127. https://doi.org/10.13204/j.gyjzG20091001.
29. Tan Yan, Hu Andi, Zhao Yuanlang, Yi Chenguang, Tong Yao. Experimental Study on Fatigue Performance of Basalt Fiber Recycled Aggregate Concrete[J]. Journal of Taiyuan University (Natural Science Edition), 2021, 39(03): 1-5. https://doi.org/10.14152/j.cnki.2096-191X.2021.03.001.
30. Chuheng Zhong, Qipeng Xiao, Zuwei Fan, Weiqi Mao, Sijia Xing, Jinhui Chen, Yuan Xiao, Jinzhi Zhou. Experimental investigation on flexural fatigue performance of recycled aggregate concrete hybrid with basalt-polyacrylonitrile fiber[J]. Scientific reports, 2025, 15(1): 5855. https://doi.org/10.1038/S41598-025-89682-X.
31. Chen Meng, Ren Chenhui, Liu Yangbo, Yang Yubo, Chen Haoran, Qiligel. Study on Fatigue Life Prediction of Hybrid Fiber Concrete[J]. Concrete, 2020(12): 31-34.
32. Li Haijiao, Wang Jiajun, Han Xiping, Tao Qi, Zhang Shilong. Fatigue Resistance of High-Volume Mineral Admixture Fiber-Reinforced Lightweight Aggregate Concrete[J]. Bulletin of the Chinese Ceramic Society, 2023, 42(08): 2856-2864. https://doi.org/10.16552/j.cnki.issn1001-1625.20230619.003.
33. Wu Jinrong, Dong Xiaohong, Ma Qinyong. Experiment and Analysis on the Influence of Polyester Fiber Content on the Fatigue Performance of Asphalt Concrete[J]. Highway, 2014, 59(07): 314-317.
2

