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Abstract: To enhance the mechanical performance and support-free capability of precast composite slabs during
the construction phase, this study proposes a novel truss steel fiber-reinforced concrete composite slab (XUDB
slab). Through the synergistic design of materials and structure, its mechanical behavior and enhancement
mechanisms were systematically investigated. Focusing on composite slabs with a standard span of 3600 mm,
four types of comparative specimens were designed, encompassing traditional reinforced trusses, novel trusses,
ordinary concrete, and steel fiber-reinforced concrete. A refined three-dimensional solid finite element model
was established using ABAQUS for nonlinear coupled analysis. The results demonstrate that the novel truss
system significantly optimizes stress distribution by improving the load transfer path, reducing the peak stress of
the main reinforcement at mid-span by 21% and increasing the material utilization rate to 91.7%. The bridging
effect of steel fibers effectively suppresses the initiation and propagation of micro-cracks, leading to a 37%
reduction in the maximum plastic strain of the XUDB slab and a 26.7% decrease in the peak damage factor.
Most importantly, the steel fibers and the novel truss exhibit a significant synergistic effect, jointly forming a
dual enhancement mechanism of “fiber bridging - truss load redistribution.” This mechanism successfully
transforms the failure mode from traditional “brittle crushing” to “gradient energy dissipation with multiple
cores,” thereby reducing the crushing area at mid-span by 33% and decreasing the stiffness degradation rate by
28%. This synergistic mechanism significantly improves the ductility, load-bearing capacity, and support-free
capability during the construction phase, providing an important theoretical basis for the optimal design of
prefabricated composite slabs.

Keywords: new truss system; steel {iber-reinforced concrete; finite element analysis; synergistic mechanism
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Fig. 14 Acceptance test of identical design specimens
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Fig. 15 Load-deflection curves
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Fig. 19 upper chord plate compression damage cloud diagram of XDB slab, XUDB slab
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