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Rapid identification of voids in the backfill layer of tunnel
arch and structural design optimization of reinforced concrete
pouring
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Abstract

The void formation in tunnel crown backfill layers significantly compromises tunnel safety and durability. This study investigates
the occurrence of voids in these backfill layers and proposes an optimized design method for steel fiber-reinforced concrete (SFRC)
injection reinforcement. By employing advanced monitoring technologies such as ground-penetrating radar and ultrasonic testing,
early detection and intervention can be achieved to enhance preventive effectiveness. The SFRC demonstrates superior mechanical
properties that improve tensile strength, crack resistance, and void formation probability. Finite element analysis is applied to
optimize reinforcement schemes, ensuring structural integrity and stiffness. Experimental results confirm the effectiveness of
this approach in addressing void issues, providing theoretical foundations and practical experience for future tunnel maintenance
technologies.
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