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Experimental Study on Failure Characteristics of Deep Rock Mass with
Structural Planes Under Dynamic Disturbance

LIANG Zhigiang', SUN Tian’, YANG Lin', JIA Pengfei', HE Benguo’

(1. China Water Resources and Hydropower Fourteenth Engineering Bureau Co. Ltd. , Kunming 650041, China;
2. State Key Laboratory of Intelligent Deep Metal Mining and Equipment,
Northeastern University, Shenyang 110819, China)

Abstract: The stability of deep-buried tunnels is jointly affected by multiple factors, including
inherent structural planes, high in-situ stress, blasting damage, and dynamic disturbances, while the
instability mechanisms of surrounding rock under different disturbance directions remain unclear.
Taking the structural plane-controlled rockburst during tunnel excavation by the drill-and-blast method
as the engineering background, static and disturbed true triaxial tests were conducted on tunnel
surrounding rocks containing natural structural planes with different dip angles, based on in-situ stress
measurements. The mechanical properties, crack evolution, and failure modes of rock containing
structural planes under various disturbance directions were systematically analyzed. The results show
that disturbances in the o, direction reduce the peak strength by 1.32% ~7. 41% and enhance shear
failure, whereas disturbances in the o; direction more readily promote crack propagation and
coalescence, reducing the peak strength by 4.61% ~11.11% and inducing tensile failure. The dip angle
of the structural plane and the dynamic disturbance jointly govern the energy storage and instability
characteristics of the rock. Specimens with a dip angle of 60° are more prone to instability but exhibit
weaker rockburst effects, while those with a dip angle of 80° have a higher instability threshold but can
release substantial kinetic energy, making strong rockbursts more likely. Except for the 60° case,
specimens containing structural planes generally show a higher energy-storage limit and greater failure
resistance.

Key words: disturbed true-triaxial test; deep-buried tunnel; structural plane; rockburst;

failure characteristics



