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Application of Superabsorbent Polymer Hydrogel to Crack Self-Sealing of Cement-Based
Materials

YANG Jin"%, DUAN Xiaopeng', QIU Jinyin', SU Ying'? HE Xingyang'*
(1. School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068, China;
2. Building Waterproof Engineering and Technology Research Center of Hubei Province, Wuhan 430068, China)

Abstract: Cement concrete is sensitive to cracking during service due to its brittleness and early susceptibility to shrinkage and
deformation, further leading to the water seepage and leakage of concrete structure. The timely and effective repair of water leakage
in cracked concrete has attracted recent attention in engineering. Superabsorbent polymer (SAP) hydrogel is a new type of self-sealing
agent developed in recent years, which has the characteristics of rapid water absorption and significant volume expansion, and has a
promising application potential in crack healing and sealing in humid environment. This review represented the basic design method
of self-sealing cement-based materials based on hydrogel, discussed the working mechanism of SAP hydrogel as self-sealing agent
and its effect on the anti-permeability, mechanics and durability recovery of concrete, and summarized the evaluation method of crack
healing and sealing efficiency. In addition, the main challenges and future directions of hydrogel based crack self-sealing technology
were also proposed.
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(a) SAP is added to concrete during batching.
Initial swelling (S)) is confined. As concrete
hardens, the SAP shrinks and lies dormant in the polymer

the microstructure

(b) Subsequent cracking propagates
through SAP voids, exposing

(c) Ingress of water causes SAP to swell
(S,), expanding into the

crack and restricting further flow

Bl 1 SAP REBE 2% 1 H L)

Fig. 1 Self-sealing mechanism of SAP hydrogel in cracks
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Fig. 2 Model for the theoretical analysis of self-repairing
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Table 1 Summary of water flow test to verify self-sealing effect of hydrogel

Designs Initial crack width Water height/pressure gradient Self-sealing effect Soure
Crystallizing agents, SAP 0.210-0.304 mm Flow rate can be reduced to as low as zero [50]
pH-sensitive SAP (150+20) pm Water level line at 500 mm in the middle Instant sealing efficiency up to 96%; [27]
of the sample; Water pressure of 0.05 bar, Dry and wet cycle sealing efficiency up to 98%;
1 bar, 2 bar respectively Long-term sealing efficiency up to 99%
Spherical SAP 0.250-0.350 mm  Pressure gradient: 0.667 mm/mm Water flow decreased by 34%—72% within 13 min [8]
Sulfonate-modified SAP 200-250 pm Height of water flow: 280 mm Water flow reduced by 72% [51]
Cement, SAP 248-384 um Height of water flow: 250 mm Self-sealing efficiency up to 99% [52]
SAP, Nano silica About 150 um Height of water flow: 50 cm Self-sealing efficiency up to 100% [20]
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