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Study on Mechanical Mechanism of Cracking-sliding Rib Spalling in Deep Tunnel

YU Yuan-xiang, WANG Jing-bin, KE Da, WANG Fu-yu, CHEN Bao-ping
(School of Architecture and Civil Engineering, Xi’an University of Science and Technology, Xi’an Shaanxi 710054, China)

Abstract: Aiming at the problem of deep tunnel side wall rib spalling caused by excavation, taking the side
wall cracking-sliding rib spalling in the deep tunnel as the research object, according to Mohr-Coulomb
criterion and the limit equilibrium equation of rib spalling, the mechanical model of rib spalling body under
the action of bearing pressure, self-weight stress and slip force on the shear plane is established. The
theoretical formulas of front edge height, horizontal collapse width, tensile fracture depth at back edge as well
as the upper and lower limits of the rib spalling mass are derived. The influences of rock weight, cohesion
and internal friction angle on front edge height, horizontal collapse width and tensile fracture depth at back
edge are analyzed. The result shows that (1) there is negatively correlation of the horizontal collapse width
wall with cohesion and internal friction angle of the tunnel side wall when cracking-sliding rib spalling occurs,
while there is positively correlation with rock weight and height of the side wall; (2) the tensile fracture
depth at the back edge is positively correlated with cohesion and internal friction angle of the side wall rock,
while negatively correlated with rock weight and height of the side wall; (3) when the rock weight and the
height of the side wall are constant, the cracking-sliding rib spalling of the side wall can be controlled by
increasing the cohesion and internal friction angle of the rock mass. The shear failure of monoclinic plane of

the side wall is the ultimate state of the cracking-sliding rib spalling, once the mechanical indicator of side
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wall rock mass satisfies the certain condition, the side wall rock mass develops from a cracking-sliding rib

spalling to a shear failure. On this basis, is analyzed the key parameters such as front edge height, horizontal

collapse width and tensile fracture depth at back edge of the rib spalling of the side wall in a section of a

tunnel, which provides a method for controlling the rib spalling of deep tunnel side wall effectively, and

provides a scientific basis for determining the surrounding rock support scheme of the tunnel reasonably.

Key words: tunnel engineering; rib spalling parameter; mechanical model; cracking-sliding rib spalling;

mechanical mechanism
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