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Seismic Response Analysis of Tunnel under Karst Cave Locations and

Combinatorial Effect
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Abstract: To investigate the seismic response of tunnels under concealed caves in the karst cave zone,
the program of equivalent load time history was compiled, based on the viscous-spring boundary prin-
ciple. Detailed discussions were presented regarding the seismic response of tunnels under different
conditions, such as five karst cave locations at the structural circumference and eight positional combi-
nation effects. The results show that the node acceleration response of structures increased with the in-
crease in distance between the node and the top surface of the surrounding rock. Compared with the
combinatorial effect of the cave at 90 and 180° locations, the cave at 180" has a certain weakening ef-
fect on the acceleration response of the structure bottom. Under the positional combination effect, the
stress variation range is roughly a quarter of the structure. Due to the interaction of the karst caves,
the structural stress envelope diagram is slightly smaller than the outermost edge of the envelope dia-
gram under the action of two single caves. Whether the action of a single cave or the combinatorial ef-

fect, the influence range of structural stress under karst caves is around the spandrel and arch foot of
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the structure. The conclusions drawn in this study provide a practical reference for the design, con-

struction, and monitoring of similar projects.

Keywords: tunnel; seismic response; viscous-spring boundary; karst cave; principal tensile stress;

principal compressive stress
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Table 1 Mechanical parameters of materials
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Table 2 Summary of the test conditions
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TH 4 0 180° T8 90° 180°
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Fig. 6 Envelope diagram of peak principal tensile stress for

the inner edge
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Table 3 Peak principal tensile stress of the inner edge
7 :MPa
HIRALE R s # g HERE HLE
JC iR 0.111 3.967 0.236 3.324 0.114

0° 0.582 3.861 0.231 3.440 0.119
45° 0.348 3.426 0.470 3.316 0.109
90° 0.340 3.822 0.850 3.249 0.397

135° 0.107 3.992 0.285 2.883 0.376
180° 0.109 4.106 0.471 3.247 0.640
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Fig. 9 Envelope diagram of peak principal tensile stress for

inner edges under the different position combination
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Table 4 Peak principal tensile stress for inner edges un-
der the different position combination
Hifi :MPa

E I

HETR BRI b ﬁﬁj‘

o W
T =
HETR BRI b %g

JE#ER 0.111 0.236 0.114 3.967 0.150 0.458 0.158 3.978
T4 1 1.064 0.243 0.115 4.407 0.347 0.471 0.201 4.631
T2 0.543 0.624 0.366 4.153 0.484 0.311 0.316 4.900
T3 0.242 0.506 0.364 4.481 0.256 0.747 0.401 4.439
T4 0.742 0.404 0.748 4.658 0.179 0.605 0.171 5.044
THL5 0.144 1.379 0.403 4.562 0.217 0.400 0.326 4.981
T 6 0.404 0.170 0.397 4.092 0.299 0.205 0.463 4.093
THL7 0.352 0.842 0.177 4.382 0.537 0.281 0.193 5.022
TH8 0.329 1.286 1.081 4.702 0.055 0.434 0.376 4.623
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