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Abstract

Against the backdrop of the “dual carbon” goals and the continuous advancement of prefabricated
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construction, exterior enclosure walls are evolving toward lightweight, high-strength, self-insulat-
ing, and durable solutions. As a natural porous volcanic lightweight aggregate, pumice features low
density, significant internal curing effects, no need for calcination, and considerable reserves in the
Shanxi-Inner Mongolia-Northeast China region, making it a regional candidate aggregate second
only to ceramsite in the field of lightweight aggregate concrete. Combining pumice lightweight ag-
gregate concrete with insulation cores, light steel frames, or steel bar trusses to form composite
wall panels can simultaneously leverage its comprehensive advantages in thermal insulation, sound
insulation, and load-bearing capacity, meeting the dual demands of near-zero energy buildings and
prefabricated construction in severe cold regions. Based on publicly available Chinese and English
literature published in the past five years, this paper provides a comprehensive review from four
aspects: mix proportion optimization and modification of pumice lightweight aggregate concrete,
durability and environmental adaptability, structural forms and mechanical properties of composite
wall panels, and thermal performance with prefabricated applications. The review indicates that at
the material level, nano-SiOz, silica fume, polymer coatings, and fiber incorporation have effectively
improved the strength and frost resistance of pumice concrete. However, research specifically tar-
geting the integrated system of “pumice lightweight aggregate concrete + composite wall panels” re-
mains significantly less extensive than that for ceramsite systems, with notable gaps in long-term
bond degradation between the face layer and insulation core, anchorage-slip mechanisms of con-
nectors under low elastic modulus conditions, and combined deformation and cracking risks under
coupled temperature-humidity effects. Future efforts should focus on six specific scientific questions,
including the shear-slip constitutive model of stud connectors considering creep effects and the es-
tablishment of a carbon emission factor database for pumice aggregates in the Shanxi-Inner Mongo-
lia region, to promote the transition of pumice wall panels from material research to component-
level applications.
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Table 1. Summary of main technical modification approaches and effects for pumice lightweight aggregate concrete
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Table 2. Comparison of structural configurations and mechanical properties of typical lightweight aggregate composite wall

panels
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Table 3. Key research bottlenecks and specific scientific questions for pumice lightweight aggregate composite wall panels
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