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Abstract

As critical safety components of road transportation infrastructure, concrete guardrails are contin-
uously exposed to complex environments involving deicing salts, freeze-thaw cycles, wetting-drying
alternation, carbonation, sulfate attack, and microbial corrosion. Consequently, they are prone to du-
rability-related deterioration such as cracking, spalling, reinforcement corrosion, and degradation
of load-bearing capacity. This paper reviews the deterioration characteristics of concrete guard-
rails and the current research status of protective coatings. The major deterioration mechanisms are
systematically summarized, including chloride ingress, carbonation, sulfate attack, alkali-aggregate
reaction, biodeterioration, freeze-thaw cycling, wetting-drying cycling, and weathering. Research
progress and protection mechanisms of film-forming, pore-blocking, and penetrating protective
coatings are also discussed. In addition, existing challenges are analyzed, including insufficient
coating-substrate compatibility, limited understanding of multi-factor coupling effects, and inade-
quate long-term engineering validation. Studies indicate that protective materials for concrete
guardrails in the future should evolve toward high durability, flexible coordination and eco-friend-
liness.
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Figure 1. Concrete guardrail without protective coating
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Figure 2. Cracks and reticular cracks
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Figure 3. Surface spalling and exposed reinforcement
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Figure 4. Dissolution pits and surface sanding
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Figure 5. Concrete guardrail with protective coating
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Figure 6. Cement-based coating (left), epoxy coating system (right)
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Figure 7. Acrylic polyurethane coating (left), fluorocarbon coating system (right)
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Figure 8. Coating cracking
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Figure 9. Coating spalling
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Figure 10. Coating blistering
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