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[Abstract] Against the backdrop of the continuous advancement of China's "dual carbon" strategy and
infrastructure construction, the development of green fiber—reinforced cement—based composites holds
significant practical significance for reducing carbon emissions in the construction industry and promoting the
development of "waste—free cities". This paper focuses on the resource utilization of industrial solid waste (such
as fly ash and slag), aiming to reveal the influence laws and mechanisms of their partial replacement of traditional
cementitious materials and aggregates on the mechanical properties (compressive strength, tensile strength, and
bending strength) of fiber—reinforced cement—based composites, and at the same time assess their carbon reduction
potential. This study, through systematic experiments, clarified the key role of industrial solid waste in
fiber—reinforced cement—based composites: when fly ash and silica fume are compounded in the corresponding
proportion to replace part of the cement, the ECC compressive strength requirements can be met, and an
appropriate amount of recycled micro—powder will not significantly change its microstructure and compressive
performance. In terms of tensile and bending properties, when the fly ash content is less than 50%, it can effectively
optimize the fiber—matrix interface characteristics and guide the multi—seam cracking behavior to achieve high
ductility, while when the slag content reaches 30%, the effect on the gain of flexural strength is the best. The
established carbon emission model has confirmed that using solid wastes such as fly ash to replace traditional cement
can significantly reduce the embodied carbon of materials, providing a clear proportioning basis, mechanism
explanation and carbon assessment method for the development of green ECC. This research provides a feasible
technical path and theoretical support for the collaborative innovation of materials, environment and policy.
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