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Review on Cracks Self-Healing of Ultra-High Performance Concrete
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Abstract: Ultra-high performance concrete (UHPC) is a type of cement-based material with good cracks self-healing potential. This
paper reviewed the recent research progress on the cracks self-healing of UHPC. The basic characteristics of UHPC and the
mechanism of cracks self-healing were summarized. The effect of cracks self-healing behavior on the performance of UHPC was
discussed. The state-of-the-art characterization techniques and the theoretical models of cracks self-healing were analyzed. The major
problems existing in the current research on the cracks self-healing of UHPC were summarized, and the development prospects were
put forward.
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Table 1 Specimen parameters in crack self-healing researches of UHPC

Pre-cracking control mode Specimen size SCM type Water/binder ratio Reference
Tensile strain 30 mmx150 mmx200 mm Silica fume 0.22 Kunieda et al.P””!
100 mmx100 mmx500 mm (dog bone) Silica fume 0.18 Guo et al.>”!
Flexural strength 100 mmx30 mmx400 mm Silica fume 0.20 Kim et al.**
50 mm>100 mmx500 mm Silica fume 0.20 Granger et al.[®"!
Crack width 40 mm=40 mmx160 mm, Silica fume 0.24 Calvo et al.™™
h=25 mm and ¢=100 mm (cylinder)
100 mmx30 mmx500 mm Slag 0.18 Ferrara et al.'®")
Direct cutting h=100 mm and #=100 mm (cylinder) Fly ash, Slag 0.22 Beglarigale et al.|*”
Compressive strength 100 mmx50 mmx>300 mm Fly ash, Silica fume 0.20 Ma at al !
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Table 2 Microscopic characterization technologies of cement-based materials cracks self-healing

Self-healing . . Characterization
Matrix type Self-healing method Reference

type method
Autogenous Mortar Rehydration SEM An et al1*”

Normal Expansive polymer, Rehydration and carbonation, OM, TGA, SEM, Snoeck et al.[70],Hosoda et al.[m, Pang

concrete Carbonated steel slag aggregate XRD, UPV, FTIR, et al.l’?

HPFRCC Rehydration and carbonation OM, SEM, EDS Ferrara et al.[m, Ahn et al.’

UHPC Rehydration and carbonation OM, SEM, BSEM, Kunieda et al.m], Kim et al.[54],

EDS, UPV, AE Rajczakowska et al.[ssl, Guo et al.®”,
Granger et al "™, Beglarigale et al.**!
Autonomous Cement paste Encapsulated mineralization bacteria, Healing ESEM, EDS, Liu et al™), Ye et al.l""
agent with Ca®" ions TGA, FTIR
Mortar Epoxy resin, Carbonate precipitating bacteria, FESEM, SEM, Farhayu ef al.””!, Rahman ez al.™, Xu
Microcapsule with healing agent EDS, OM, AE et al", Li et I 581

Reinforced Carbonate precipitating bacteria SEM Stuckrath et al.!**

mortar

Normal Polymer encapsule, Bacteria encapsule, Carbonate ~ SEM, EDS, Feiteira e al.™!, Wang et al.'®,

concrete precipitating bacteria XRD, OM, Virginie et al.’™), Luo et al.®"), Khaliq

et al.l*”
UHPC Epoxy healing agent BSEM, X-CT Calvo et al.™™

Note: OM is optical microscopic, UPV is ultrasonic pulse velocity, AE is acoustic emission.
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