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Abstract

Unstable rock masses are highly susceptible to collapse disasters under seismic
action. To calculate the stability of toppling-type unstable rocks under bidirec-
tional seismic action and investigate the influence of ground motion randomness
on their dynamic fuzzy reliability, the dynamic response of toppling-type unsta-
ble rocks is analyzed through structural dynamics and random process theory.
First, based on structural dynamics theory, a mechanical model for seismic dy-
namic response of toppling-type unstable rocks and its motion equations on two
main controlling surfaces are established. The Wilson- method and pseudo-
excitation method are respectively employed to solve these motion equations,
thereby establishing calculation methods for dynamic response of toppling-type
unstable rocks under deterministic seismic waves and random seismic excitation.
Then, based on limit equilibrium theory, the calculation formula for dynamic
stability coefficient of toppling-type unstable rocks under deterministic seismic
action is derived. Random earthquakes are regarded as stationary random pro-
cesses, and based on the first-passage failure criterion, the mean and variance of
peak seismic force response of toppling-type unstable rocks under random seis-
mic excitation are derived, thereby establishing a calculation method for random
dynamic stability of unstable rocks. Finally, the instability event of toppling-
type unstable rocks is regarded as a fuzzy event. A fuzzy failure criterion is
introduced and an improved Monte-Carlo method is adopted to calculate the
fuzzy reliability of unstable rock masses, establishing a rapid calculation method
for dynamic fuzzy reliability and analyzing the influence of ground motion ran-
domness on fuzzy reliability. The proposed method is applied to an engineering
example. The results show that after considering ground motion randomness,
the dynamic stability coefficient and fuzzy reliability of toppling-type unstable
rocks increase by 6.34% and 22.83% respectively, reducing the failure proba-
bility of unstable rock masses. Moreover, the fuzzy reliability calculated using
the fuzzy failure criterion is more favorable to engineering safety. Considering
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the bidirectional nature and randomness of ground motion provides a better
assessment of the dynamic stability of toppling-type unstable rocks, offering
a reference for the evaluation of random seismic dynamic stability of unstable
rocks.
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Abstract

Perilous rock masses are highly susceptible to collapse under seismic action. To
evaluate the stability of toppling perilous rock under bidirectional seismic load-
ing and investigate how ground motion randomness affects its dynamic fuzzy
reliability, this study analyzes the dynamic response using structural dynamics
and stochastic process theory. First, a mechanical model for seismic dynamic
response is established based on structural dynamics theory, along with equa-
tions of motion on two dominant control planes. These equations are solved
using the Wilson- method and pseudo-excitation method to develop computa-
tional approaches for dynamic response under both deterministic seismic waves
and random excitation. Subsequently, based on limit equilibrium theory, the
dynamic stability coefficient formula under deterministic seismic action is de-
rived. Random earthquakes are modeled as stationary random processes, and
the mean and variance of peak seismic force response under random excita-
tion are obtained using the first-passage failure criterion, thereby establishing a
method for calculating random dynamic stability. Finally, the instability event
is treated as a fuzzy event, fuzzy failure criteria are introduced, and an improved
Monte-Carlo method is employed to compute the fuzzy reliability of the perilous
rock mass. This establishes a rapid computational method for dynamic fuzzy
reliability and enables analysis of how ground motion randomness influences
this reliability.

The proposed method is applied to an engineering case study, revealing that con-
sidering ground motion randomness increases the dynamic stability coefficient
and fuzzy reliability of toppling perilous rock by 6.34% and 22.83%, respectively,
thus reducing the failure probability of the perilous rock mass. Moreover, fuzzy
reliability calculated using fuzzy failure criteria proves more conservative and
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thus safer for engineering practice. By accounting for both the bidirectional-
ity and randomness of ground motion, this approach provides a more accurate
assessment of dynamic stability for toppling perilous rock and offers a valu-
able reference for random seismic dynamic stability evaluation of perilous rock
masses.
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