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Abstract: The utilization of industrial solid wastes (fly ash and ground granulated blast-furnace slag) as substitutes for
traditional Portland cement to prepare novel low-carbon cementitious materials has become an important technological pathway
for achieving the "carbon peak and carbon neutrality" goals in the field of construction materials. However, alkali-activated
materials have large shrinkage deformation at early age and poor volume stability under constraint during hardening, which
has become a bottleneck limiting their large-scale application. This study systematically investigated the free shrinkage and
restrained shrinkage behavior of multi-component solid waste alkali activated materials, key influencing factors, and their
mechanism of action on volume stability. For free shrinkage, the testing principles of contact and non-contact methods were
compared, and the physico-chemical mechanism based on chemical shrinkage, self-drying effect and capillary tension theory
was revealed. Regarding restrained shrinkage, this study systematically compared and elucidated the physical mechanisms,
stress distribution characteristics, and applicability of typical restrained evaluation methods, such as the flat plate method, ring
method, elliptical ring method, and restrained squared eccentric ring test method. The regulation and micro-mechanism of
waste tire rubber particles, precursors and functional admixture on shrinkage and crack resistance were further clarified. The

findings of this study provide theoretical support and practical path for controllable adjustment of shrinkage behavior and
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synergistic optimization of properties.

Keywords: Industrial solid waste; Cementitious materials; Free shrinkage; Restrained shrinkage; Stress
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