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Abstract
Steel fiber lightweight aggregate concrete (SFLAC) is a kind of high performance composite material formed by mixing short and fine steel fibers into lightweight aggregate concrete matrix, which combines the light weight, good thermal insulation performance of lightweight aggregate concrete with the excellent tensile strength, crack resistance and toughness of steel fibers, and effectively overcomes the inherent defects of high brittleness, low tensile strength and poor toughness of ordinary lightweight aggregate concrete. This paper systematically summarizes the research progress on workability, mechanical properties (compressive, tensile, flexural, toughness) and durability of steel fiber lightweight aggregate concrete, discusses its current engineering application fields, and prospects its future research direction.
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1.introduction
  The core difference between lightweight aggregate concrete and ordinary concrete stems from the properties of aggregates. Ordinary concrete uses naturally dense crushed stones, pebbles and river sand as aggregates, with an apparent density of 2300-2500 kg/m³. It possesses high strength (C15-C100+), high compactness, and good impermeability and frost resistance. Its mix proportion design focuses on the dense accumulation of aggregates, requiring a relatively small amount of cementitious materials (approximately 300-350 kg/m³ for C30 grade), and it follows conventional construction procedures. It is suitable for load-bearing scenarios such as beams and columns of high-rise buildings and main beams of bridges. In contrast, lightweight aggregate concrete adopts lightweight and porous aggregates like ceramsite and expanded perlite, with an apparent density of only 800-2000 kg/m³, which reduces its self-weight by 30%-50% and gives it excellent thermal insulation performance (thermal conductivity of 0.2-1.0 W/(m·K)). Its strength is mostly in the range of C15-C50; its mix proportion requires more mortar to coat the aggregates (350-450 kg/m³ of cementitious materials for C30 grade); during construction, it is necessary to control mixing and vibration to prevent aggregate floating and extend the curing time. It is applicable to lightweight and energy-saving scenarios such as non-load-bearing partition walls and roof insulation layers. There is no absolute superiority or inferiority between the two; the selection should be based on engineering requirements to balance performance and economy.
Lightweight aggregate concrete (LWC) shows great potential in high-rise buildings, long-span bridges and ocean engineering due to its advantages of low density, low thermal conductivity and good seismic performance. In order to improve the toughness of lightweight aggregate concrete, it is an effective technical way to introduce steel fiber into the matrix of lightweight aggregate concrete by drawing lessons from the technology of fiber reinforced concrete.
2. Study on Properties of Steel Fiber Lightweight Aggregate Concrete
2.1 Working performance
The workability of fresh SFLWAC is the key to its construction application. The research shows that: negative effects: the addition of steel fiber will significantly reduce the fluidity of concrete. The overlap and friction between fibers and between fibers and aggregates increase the internal friction of the mixture, resulting in slump reduction. The higher the fiber content and the larger the aspect ratio, the more significant the adverse effects on the fluidity. Improvement measures: By optimizing the mix ratio, especially increasing the amount of gelling material and superplasticizer properly, the workability meeting the construction requirements can be obtained on the premise of ensuring the required mechanical properties. In addition, the use of spherical or bead lightweight aggregates (such as shale ceramsite) is also helpful to improve the workability.
2.2 mechanical property
Compression resistance:
Steel fibers usually have a limited increase in cubic compressive strength (about 0%-15%), and their main contribution is not to significantly increase the peak compressive strength. The core contribution is to improve the compression failure mode: plain lightweight aggregate concrete shows obvious crack-like fracture when compressed, while SFLWAC shows better toughness after reaching the peak stress. After failure, the specimen can still maintain integrity, and the fragments are tightly connected by fibers. Li Yanpeng [1]research shows that the compressive strength of steel fiber lightweight aggregate concrete is higher than that of lightweight aggregate concrete without steel fiber, and further increase of steel fiber content makes the compressive strength of lightweight aggregate concrete not increase but decrease. Fan Zhiyong [2]research shows that with the increase of steel fiber volume ratio, the cubic compressive strength of steel fiber lightweight aggregate concrete will increase continuously, but the increase range is not too large.
Tensile and flexural properties
Split tensile strength: 
The bridging effect of steel fiber is remarkable in this performance, and the improvement range can reach 20%-50% or even higher. Wen Shichen et al[3].studied the splitting tensile strength of steel fiber lightweight aggregate fly ash concrete. The test results show that the splitting tensile strength of lightweight aggregate concrete is obviously improved by adding steel fiber, and it is suggested that the volume ratio of steel fiber should be between 0.8% and 1.2%; after adding fly ash, the splitting tensile strength of lightweight aggregate concrete will decrease, and it is suggested that the replacement ratio of fly ash should not exceed 30%; The splitting tensile strength of steel fiber lightweight aggregate fly ash concrete with different water cement ratio can be obviously improved by adding steel fiber and fly ash at the same time.
Bending resistance and toughness: 
This is where the most prominent contribution of steel fibers lies. Flexural tensile strength of SFLWAC SFLWAC exhibits typical "pseudo-ductility" characteristics in bending tests, i.e., it can continue to bear loads after cracking and produce large deformation. Jiang Jinbo et al.[4] carried out bending tests on four SFRLC beams with strength grade LC40 under monotonic load, and tested the basic performance of beams such as cracking load, mid-span displacement, ultimate bearing capacity and crack propagation mode. The results show that the addition of steel fibers improves the cracking load, bearing capacity and ductility of concrete beams. Wu Tao et al.[5]observed the failure process and failure mode of 9 high strength lightweight aggregate concrete beams with GFRP reinforcement and 1 with reinforcement through flexural performance test, analyzed fiber content, and found that steel fiber can effectively inhibit concrete crack development, delay component stiffness degradation, increase cracking moment by 51.71% and bearing capacity by 22.10% on average;
 Wu Tao et al.[6] conducted flexural performance tests on nine high-strength lightweight aggregate concrete beams reinforced with GFRP bars and one reinforced with steel bars. By observing their failure processes and modes and analyzing the fiber content, they found that incorporating steel fibers effectively inhibited crack development in the concrete and delayed stiffness degradation of the members. This resulted in an average increase of 51.71% in the cracking moment and an average increase of 22.10% in the load-bearing capacity.
Zhang Yunguo et al.[7]performed bending tests on 25 small beams of self-compacting lightweight aggregate concrete with five different polypropylene fiber contents and five different notch depths. The results showed that the flexural toughness significantly improved with increasing fiber content. The influence of notch depth on the flexural toughness indices (f_eq,1 and f_eq,2) of the polypropylene fiber self-compacting lightweight aggregate concrete exhibited a certain pattern: for every 10% increase in notch depth relative to the sectional height, the flexural toughness indices f_eq,1 and f_eq,2 increased by approximately 10%.
Cheng Hongwen et al.[8] incorporated fibers with three different aspect ratios into lightweight aggregate concrete in varying proportions to prepare concrete beams, which were then subjected to bending tests. Analysis of the failure mechanisms revealed that the effect of steel fiber aspect ratio on the flexural strength enhancement of the beams was as follows: the enhancement initially increased and then decreased with increasing steel fiber aspect ratio, while the corresponding deflection showed no clear trend. In contrast, the enhancement in flexural performance due to steel fiber volume fraction approximately increased linearly. Niu Jiangang et al.[9] designed six lightweight aggregate concrete beams with enhanced plastic-steel fiber in the compression zone. They analyzed the influence of longitudinal reinforcement ratio and concrete strength on the flexural mechanical properties of these beams. The results demonstrated that, compared to ordinary plastic-steel fiber lightweight aggregate concrete beams, the beams with a partially confined compression zone using rectangular stirrups exhibited an increase in load-bearing capacity and ductility by 18.5% and 12.7%, respectively. This indicates that the use of rectangular stirrups to confine the local compression zone concrete improves the overall performance of the fiber-reinforced lightweight aggregate concrete beams.A.H et al. [10] investigated the microstructural and mechanical properties of steel-polypropylene hybrid fiber-reinforced concrete in a study on compressive toughness. They found that steel fibers enhanced the flexural fracture energy of the concrete.
Akshay V et al. [11] studied the influence of steel fibers on the anti-buckling performance of steel-encased composite columns. Their research demonstrated that steel fibers improved the shear resistance of the beams.
Chen Y et al. [12]conducted experiments on the tensile performance of steel fiber-reinforced concrete and examined its mechanical properties. The results indicated that while steel fibers reduced the workability of the concrete, they significantly enhanced its tensile performance.
Dudek Daniel et al. [13] investigated the effect of steel fiber content on the load-bearing capacity of fiber-reinforced concrete beams. They found that micro steel fibers, at a volume fraction of 0.5%, significantly enhanced both the compressive strength and flexural toughness of High-Strength Lightweight Concrete (HSLC).
Duy Liem et al. [14] studied the synergistic flexural effects in high-performance hybrid steel fiber-reinforced concrete. The results showed that a higher volume fraction of lightweight aggregate led to more pronounced brittle characteristics in HSLC under compressive failure.
Hassan Rafea F et al.[15] also performed experiments on the performance of steel fiber-reinforced concrete V-shaped columns and explored their mechanical properties. They discovered that a higher volume ratio of lightweight aggregate resulted in reduced damage resistance and lower fracture energy in HSLC under three-point bending loads.
2.2Durability
Steel fiber can effectively hinder the initiation and propagation of microcracks, and disperse wide cracks into many harmless microcracks.(Chloride ion, carbon dioxide, water, sulfate, etc.) intrudes into the main channel inside the concrete. By significantly improving the crack resistance, SFRLWAC fundamentally enhances the ability to resist external environmental corrosion, as if adding a "defense line" to the concrete. Zhang Xubo [16] studied self-compacting fiber lightweight aggregate concrete, and made test pieces on this basis, and conducted the permeability resistance test, freeze-thaw resistance test and chloride ion permeability test respectively. The results show that when the fiber content is 0.10%, the durability of concrete is the best. Feng Zhongren [17]et al. investigated the effect of steel fibers on the fatigue life of High-Strength Lightweight Concrete (HSLC) through three-point bending fatigue tests. Their results demonstrated that steel fibers significantly improve the crack resistance and fatigue performance of concrete.
Liu Zhiqiang [18] et al. studied the effect of basalt fibers on the compressive fatigue performance of HSLC. The results indicated that as the volume content of basalt fibers increased from 0.1% to 0.4%, the percentage increase in flexural tensile strength peaked at a fiber content of 0.3%.
K.M.A. Sohel et al. [19] investigated the fatigue behavior of Ultra-Lightweight Cement Composite (ULCC) and Lightweight Aggregate Concrete (LWAC). Furthermore, the two-parameter Weibull distribution was used to model the probability distribution of the fatigue life of ULCC and LWAC at given stress levels. It was found that the S-N relationship incorporating the failure probability is more conservative than the Wöhler fatigue equation. The flexural fatigue performance of ULCC was superior to that of LWAC, despite both having similar strength levels.
Taotao Cui et al. [20]studied the flexural fatigue behavior of high-strength lightweight aggregate concrete (HSLC) reinforced with steel-polypropylene hybrid fibers under different stress levels (S = 0.85, 0.80, and 0.75), including fatigue life and crack propagation processes. Further analysis was conducted on the fatigue life and crack growth rate of the hybrid fiber-reinforced HSLC using the two-parameter Weibull distribution (2PWD) and Paris' law, respectively.
Liang Ninghui [21]et al. conducted static load tests and flexural fatigue tests under different stress levels (0.75, 0.8, 0.85) on polypropylene macro-fiber concrete and multi-scale polypropylene fiber concrete. The incorporation of polypropylene fibers, especially the multi-scale hybrid fibers, significantly enhanced the flexural and fatigue resistance of the concrete matrix. Under 2 million cycles of loading, the multi-scale polypropylene fiber concrete exhibited the highest fatigue strength.
Wen, S. [22]et al An experimental study was conducted to investigate the effects of steel fiber volume ratio, fly ash replacement ratio, and water-cement ratio on the impact resistance of steel fiber-reinforced lightweight aggregate concrete containing fly ash. The results indicated that, among these three factors, the steel fiber volume ratio and the water-cement ratio have a significant influence on the impact resistance of the concrete, whereas the effect of the fly ash replacement ratio is comparatively minor.
Wang Licheng[23] et al. conducted free fall impact tests on five groups of steel fiber-reinforced lightweight aggregate concrete disc specimens with steel fiber volume fractions of 0%, 0.5%, 1.0%, 1.5%, and 2.0%, respectively. The experimental results demonstrated that the incorporation of steel fibers enhances the impact resistance of lightweight aggregate concrete, and this improvement becomes more pronounced with increasing steel fiber volume fraction. Due to the significant scatter observed in the test data, statistical methods were employed to analyze the results and investigate the variation in the impact resistance of steel fiber-reinforced lightweight aggregate concrete with changing fiber content. Both the log-normal distribution and the two-parameter Weibull distribution were used to fit the probability distribution of the impact resistance for the five groups of specimens. The fitting results indicated that both distributions are well-suited for describing the impact resistance of steel fiber-reinforced lightweight aggregate concrete across different fiber volume fractions. Finally, impact resistance equations for the concrete were established using these two distribution models.
Wang haitao [24]et al. to investigate the influence of steel fibers on the flexural toughness and impact resistance of high-strength lightweight aggregate concrete (HSLWAC), experimental studies were conducted on Steel Fiber Reinforced High-Strength Lightweight Aggregate Concrete (SFHLWC) with varying steel fiber volume fractions (0%, 0.5%, 1.0%, 1.5%, and 2.0%). The tests included flexural performance and free-fall drop-weight impact tests. The load-deflection curves, initial and failure impact numbers were measured, and the toughness indices and impact energy were calculated. The results indicate that the incorporation of steel fibers significantly enhances both the flexural toughness and impact resistance of HSLWAC. Furthermore, a logarithmic relationship was established between the toughness index and the impact energy for SFHLWC.

3.Epilogue
The scientific incorporation of steel fibers into the lightweight aggregate concrete matrix is not a simple material combination, but rather an all-round enhancement of the concrete's mechanical properties achieved through the synergistic interaction between steel fibers, lightweight aggregates, and cement paste. The "bridging effect" of steel fibers can effectively inhibit the initiation and propagation of microcracks: it not only significantly improves the compressive strength of concrete, but also makes up for the weakness of lightweight aggregate concrete in tensile performance, leading to a substantial increase in tensile strength. At the same time, the energy dissipation caused by the pull-out and bending of fibers during the flexural process also endows the material with superior flexural toughness, transforming lightweight aggregate concrete—once prone to brittle fracture—into a stress-bearing system with excellent ductility. This synergistic improvement in performance makes steel fiber lightweight aggregate concrete (SFRLWAC) a truly advanced composite material that achieves a "1+1>2" effect. It not only precisely addresses the brittleness shortcoming of lightweight aggregate concrete (caused by its porous nature) to prevent sudden failure under stress, but also fully retains the core advantage of light weight brought by lightweight aggregates, which can significantly reduce the self-weight of structures and alleviate the load-bearing burden of components.
From the perspective of engineering application prospects, with the innovation of material production processes in recent years, the manufacturing costs of steel fibers and lightweight aggregates have been gradually optimized, effectively alleviating the economic constraints that once hindered their promotion. Meanwhile, the mesomechanical models and structural design theories for steel fiber lightweight aggregate concrete have been continuously refined, and the technical system—from mix proportion optimization to mechanical performance prediction—has become increasingly sophisticated. Furthermore, the development of specialized construction equipment and the popularization of construction techniques have effectively solved construction challenges such as lightweight aggregate floating and uneven fiber dispersion, laying a solid foundation for its large-scale application. It can be anticipated that in the future field of civil engineering, steel fiber lightweight aggregate concrete will undoubtedly play an increasingly important role, especially in key projects with high material performance requirements. Examples include the deck pavement of long-span bridges (which requires a balance of light weight and crack resistance), the shear walls and floor slabs of high-rise buildings (which need to reduce self-weight and enhance seismic capacity), the support structures of underground projects (which demand durability and impact resistance), and projects in special environments such as cold storage facilities and offshore platforms (which require a balance of light weight, corrosion resistance, and structural stability). Relying on its unique performance advantages, it will serve as a crucial material support for promoting the development of engineering structures toward greater efficiency, energy conservation, and safety.
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