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Stability Analysis of Cave Roof under Rock-socketed Pile in Karst Area
based on Three-hinged Arch Catastrophe Model

ZHAO Minghua, CHEN Yanzhang, XIAO Yao, YANG Chaowei
(Institute of Geotechnical Engineering, Hunan University, Changsha 410082, China)

Abstract: According to the engineering characteristics of rock-socketed pile in karst areas, the existing
beam-slab structure is optimized, and the cave roof of the rock-socketed pile is simplified as a three-
hinged arch model with elastic supports. The energy potential function and bifurcation set equation are
derived based on the cusp catastrophe theory, and the equilibrium surface of the cusp catastrophe mod-
el under the rock-socketed pile in karst region is also established. According to catastrophic instability
condition of rock-socketed pile embedded on cave roof, the method for determining the ultimate bear-
ing capacity of rock-socketed pile and the safe thickness of cave roof are put forward; The stability of
cave roof is analyzed from three aspects: the ratio of the linear stiffness of the arch to the supporting
spring stiffness, the span of cave roof and the thickness of cave roof. Results reveal that: the stability
of cave roof decreases with the increase of the ratio of the linear stiffness of the arch to the supporting

spring stiffness; When the span of the roof is less than 4 times the diameter of the pile, the roof of the
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cave is in a stable state; When the thickness of the roof is more than 2 times the diameter of the pile,

the roof of the cave is not susceptible to mutation instability; The feasibility and rationality of the

method in this paper are verified by the engineering example.

Keywords: karst; rock-socketed pile; elastic three-hinged arch; catastrophe theory; stability
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Table 1 Parameter values in calculation model
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Table 2 Trial results of minimum safe thickness of roof
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