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Abstract: The market demand for high-performance sustainable building materials is steadily rising alongside rapid global
industrialization and urbanization., while waste tire disposal has emerged as a critical global resource and environmental
challenge. Geopolymer concrete has become a research hotspot due to its low energy consumption and minimal
environmental pollution. However, its inherent brittleness significantly limits broader engineering applications. Processed
rubber particles from crushed waste tires, as flexible materials, show potential in mitigating the brittle nature of geopolymer
concrete. Moreover, the geopolymer matrix provides an advantageous alkaline environment for surface treatment of rubber
particles, where appropriate surface etching can enhance the contact area between rubber particles and the matrix. The
synergistic combination of geopolymer binders and rubber particles has thus become a new research focus in geopolymer
concrete development. This paper systematically reviews the research progress on the fundamental mechanical properties
(compressive strength, splitting tensile strength, and impact resistance) and interfacial microstructure characteristics of
Rubberized geopolymer concrete (RGC) across macro-, meso-, and micro-scales. Through multi-scale correlation analysis,
the intrinsic relationship between macroscopic mechanical performance and the interfacial transition zone, pore structure, and
microchemical bonding is elucidated. The influence mechanisms of rubber-matrix interfacial bonding and hydration product
crystallization on material performance are clarified. Addressing existing limitations in research across different scales, future
research directions and recommendations are proposed to provide a theoretical foundation for the design and application of
rubber-geopolymer composite materials.
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Load vs. Displacement Plots for Quasi-Static Panels Peak Loald vs. Panel Type
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Table 1 Analysis of modification methods and performance characteristics of impact-resistant concretel26-28]
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Table 2 Dynamic splitting tensile results of SCRCIE

i JLAR A P A iR WfE A DIF
(%) (%) (%) (MPa) (%) (%)

SCRC-0 1.36 — 4.30 — 1.09

2.56 1.96 12 7.35 5.825 3.05 1.86

SCRC-5 1.28 — 3.87 — 1.03

2.29 1.785 1.01 5.86 5.61 1.9 1.55

SCRC-10  1.24 — 3.63 — 1.05

2.07 1.665 0.83 5.25 53 1.62 151

SCRC-15 1.02 — 3.44 — 121

2.03 1525 1.01 5.13 5.62 1.69 1.81
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Fig. 20 Meso-scale research focuses and modification mechanisms
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Fig. 21 Scanning electron microscope images (Scale 100pm): (2) Unmodified rubber; (b)
SCA-coated rubber particles; (c) Unhydrated cement particles; (d) Hydrated morphology™4.
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Fig. 22 Morphology of the interface between SCA-modified rubber particles and cement matrix:
(2)100 pm; (b)10 pm*4
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Fig. 23 Schematic of the silane coupling mechanism
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Fig. 24 Mechanism of interfacial bonding between rubber particles and concrete matrix [45]
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Fig. 25 Components of rubber concrete interfacial transition zone under different modification
methods: (a) Unmodified rubber; (b) 10% unmodified rubber content; (c) KH570-modified
rubber; (d) (e) Fiber-reinforced composite [*7]
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