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Abstract

Traditional concrete materials are limited in their application to high-performance and long-life
engineering structures due to inherent defects such as low tensile strength, high brittleness, and
susceptibility to cracking. Synthetic fiber reinforcement is an effective approach to enhance the
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toughness and durability of concrete. By applying multi-scale interfacial modifications to the fibers,
the synergistic interaction mechanism between the fibers and the cement matrix can be fundamen-
tally optimized. This paper systematically reviews the research framework of modified synthetic
fiber concrete. Starting from the material’s inherent defects and engineering requirements, it sum-
marizes the performance characteristics and limitations of concrete incorporating single and hy-
brid fibers. The mechanisms underlying mainstream modification strategies, such as chemical graft-
ing, physical etching, and composite coating, are elucidated in detail. A systematic research meth-
odology combining macroscopic mechanical testing, microstructural characterization, and cross-
scale numerical simulation is outlined. Based on this, key existing challenges in the field are pre-
cisely analyzed, including fiber dispersion techniques, long-term performance data, and standard-
ized design. Finally, future research directions are prospectively proposed, such as developing in-
telligent-green synergistic modification technologies, constructing service life prediction models
under extreme environments, and promoting standardization and digital engineering applications.
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Table 1. Performance comparison of different modification methods
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Figure 1. Schematic diagram of chemical bonding mechanism
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Figure 2. Schematic diagram of physical anchoring effect
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