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Air-void Structure Characteristics, Water Penetration Resistance and Freeze-thaw
Resistance of Hardened Shotcrete

ZENG Luping', ZHAO Shuang', WANG Wei', QIA0 Min', MU Song', RAN Qianping®, HONG Jinxiang', HU Min'
(1. State Key Laboratory of High Performance Civil Engineering Materials, Jiangsu Sobute New Materials Co., Ltd., Nanjing 211103, China;
2.School of Materials Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: Air-void structure characteristics, water penetration resistance and freeze-thaw resistance of hardened shotcrete with
different spraying methods were evaluated. Also, the micro-characteristics of freeze-thaw damage zone in shotcrete were analyzed.
The results show that circle-like and polygon-like air bubbles with the diameter of < 40 pm in shotcrete prepared with wet-mix
spraying increase, which behave less independently with adjacent air bubbles, thus leading to a decreased later mechanical strength.
However, shotcrete prepared with dry-mix spraying has poor mechanical strength and water penetration resistance, compared to that
with wet-mix spraying, due to its high proportion of air bubbles with the diameter of > 280 um. For 150-175 freeze-thaw times in a
quick freezing method, the compressive strength loss ratio of shotcrete reaches nearly 40%—48%, which is worse than that of ordinary
concrete with the similar water-cement ratio, but better than that with the similar 28-d compressive strength. The less independent air
bubbles in wet-mix shotcrete connect each other due to the hydrostatic pressure under a freezing heave effect, thus leading to the
microstructure damage in shotcrete with a poor freeze-thaw resistance.

Keywords: sprayed molding operation; air-void structure characteristics; water penetration resistance; freeze-thaw resistance
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Table 1 Grain composition properties of shotcrete aggregate

Cumulative sieve residue/%

Aggregate

16.0 mm 9.5 mm 4.75 mm 2.36 mm 1.18 mm 0.600mm  0.300mm  0.150mm  0.07Smm  Below
Coarse aggregate 0.0 5.2 88.6 100.0
Fine aggregate 0.0 0.0 1.3 14.7 38.4 58.2 81.5 94.8 98.1 99.6
F2 TEBHIZTERERELIEICRSTL
Table 2 Theoretical Mix Proportion of Shotcrete with different molding method

Sample No. Molding method Mix proportion/fgmn )

Cement Water Coarse aggregate Fine aggregate Water reducer Setting accelerator
CMO038 Cubic molding 485 184 872 872 4.85 0
CMO51 Cubic molding 485 247 872 872 4.85 0
WMS Wet-mix spraying 485 184 872 872 4.85 34.0
DMS Dry-mix spraying 485 184 872 872 1.21 14.6
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Fig. 2 Images of air-void structures in shotcrete with different molding methods
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Table 3 Hardened air-void structure characteristic of shotcrete

Sample No. Molding method Air void spacing factor/um Volume ratio of air void below 300 um/% Observed quantity number
CMO038 Cubic molding 363.08 94.3 2 056
CMO51 Cubic molding 427.62 92.0 1811
WMS Wet-mix spraying 94.98 95.5 6077
DMS Dry-mix spraying 515.73 44.6 1525

Note: calculated air bubbles with length-width ratio less than 2.0.
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Fig. 7 SEM images of shotcrete with different molding
methods before freeze-thaw cycles
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Fig. 8 SEM images of shotcrete with different molding
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