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Abstract

Shotcrete support is a critical process in the construction of large underground spaces such as
groundwater-sealed caverns, and the ate directly affects engineering quality, cost, and the construc-
tion environment. Addressing the industry-wide challenge of persistently high rebound loss rates
in such projects, this study systematically analyzes the mechanism and primary influencing factors
of rebound formation. The research indicates that the rebound rate is primarily constrained by
three categories of factors: material system performance, spraying process parameters, and rock
face work in conditions. Among these, the workability of the concrete mixture, the efficiency and
dosage of accelerators are the intrinsic primary causes; the operator’s skill, particularly the match-
ing of nozzle distance and angle with the receiving surface, and air pressure, are key process pa-
rameters; while the flatness, cleanliness, and seepage conditions of the excavation face constitute
important external boundarytions. Based on this, this paper proposes a comprehensive technical
system for rebound rate control, including: optimizing concrete mix proportions and adopting fiber
reinforcement and high-performance accelerators to enhance material on and early strength;
strictly controlling spraying distance within 0.8~1.2 m, maintaining a near-vertical angle (for verti-
cal faces), and stabilizing air pressure at 0.4~0.6 MPa through standardized training and process
monitoring; and implementing rock face pre-treatment measures such as mesh hanging and sup-
plementary spraying for over-excavagrooves, and drainage or pre-grouting for seepage surfaces.
Practical application in the QZGC project demonstrates that the integrated application of these tech-
nologies can effectively reduce the comprehensive rebound f side walls and arches to below 15%,
significantly saving material costs, improving support quality, and improving the working environ-
ment within the cavern, providing a reliable technical pathway for green construction of similar
underground projects.
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