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A review of the development and application of lightweight high-strength structural materials

Zhe Chen
Wuhan University of Technology, Wuhan, Hubei

[ Abstract] Lightweight high-strength structural materials are strategic basic materials in aerospace, rail
transportation, construction engineering and other fields, playing an important role in achieving structural lightweight,
improving energy efficiency and promoting green manufacturing. This paper systematically reviews the research
progress and engineering applications of lightweight high-strength structural materials, covering major types such as
lightweight high-strength metals, fiber-reinforced composites, and metal-organic framework materials. In terms of
metallic materials, the preparation technologies, performance optimization, and applications of high-performance
aluminum alloys and titanium alloys in rail transportation and shipbuilding are highlighted. In terms of composite
materials, the interface engineering strategies, mechanical properties, and applications of carbon fiber composites,
glass fiber composites, and natural fiber hybrid composites in structural reinforcement and seismic resistance are
elaborated. In terms of preparation technologies, advanced processes such as selective laser melting, large-scale
casting, and pultrusion, as well as performance optimization methods such as interface engineering and coating
protection, are reviewed. Research shows that lightweight high-strength structural materials are moving towards
multi-material hybridization, intelligent multifunctionalization, green sustainability, and advanced manufacturing
technologies. Current challenges include high preparation costs, insufficient interfacial bonding strength, uncertain
long-term durability, and imperfect recycling systems. Future efforts should strengthen multi-material optimization
design, structural health monitoring integration, and recyclable material development to promote the large-scale
engineering application of lightweight high-strength structural materials.

[ Keywords ] Lightweight high-strength materials; Aluminum alloy; Carbon fiber composites; Fiber-reinforced
composites; Structural reinforcement; Hybrid laminates
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