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Fine modeling and mechanical analysis of cross-fault railway tunnels
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3. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The safety of cross-active fault tunnels poses a significant challenge in current railway engineering
construction. Research on such tunnels primarily relies on numerical simulation. However, the refinement level of
the finite element structural models used to analyze cross-fault tunnels is often inadequate, and it is difficult to
accurately reflect the actual stress and deformation characteristics of the tunnel structure under fault displacement.
The influence of invert-filling, railway track foundation, and steel rails are considered in this paper. Three tunnel
structure models with different levels of refinement are established by using the finite element software ABAQUS,
and the simplified and commonly used ring structure models are compared. The stress and deformation
characteristics of the cross fault tunnel structure and its associated track system under the action of active reverse
faults are analyzed in detail. The results indicate that the refinement level of the model significantly affects the stress
levels and deformation calculation results of the tunnel structures. The longitudinal stiffness and integrity of the
tunnel structure are strengthened when considering bottom filling layers and internal auxiliary structures, and the

ability of the structure to resist fault is improved. Meanwhile, in light of the severe damage to tunnel tracks and
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ancillary facilities during the M6.9 earthquake in Menyuan, Qinghai, in 2022, a dedicated study is undertaken to
further examine the mechanical behavior and deformation characteristics of tracks under strike-slip fault
displacement. This analysis is based on a refined tunnel model, aiming to gain a deeper understanding of how tracks
respond and deform under such geological forces.
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Fig. 1 Composition of track plate system
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Fig.2  Schematic of working condition
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Table 1  Physical and mechanical parameters such as lining and surrounding rock

EIZEA] I/ (kg/m?) PAPER i/ GPa HEE/NEE PSS/ (°)
1) 2430 35.5 0.20 —
Rl 2300 10.0 0.25 30
3% 2000 5.0 0.30 25
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Table 2 Material parameters of rail system

H A ¥ AT (K xFExE/m) [WIES
L7/REE] 60 kg/m B — —
CRTS 11 BIEHIEHR C60 AR HE + 5.35%2.50%0.20 0.0078
1 % SR EE 1 C40 TE#E+ 5.35%2.50x0.09 —
JEEEAR C40 FRTREE + 16.99x2.90x0.20 0.0078
7 C40 FRTREE+ — 0.007 8
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Boundary conditions and overall model schematic
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Fig.4 Schematic diagram of stress distribution under reverse fault dislocation
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Fig.5 Stress diagram at different locations of the tunnel model
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Fig.6  Comparison of peak stress at different locations of the tunnel model
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Table 3 Peak stress and variation rate of arch and spandrel
Hem #H
T
BIRLS WA/ MPa 446/ % TRELIJWEE/MPa A3/ % || PLRLIJWR(E/MPa A3/ % TRELJIWE(E/ MPa  AEALAR/%
1 218 0 -201 0 166 0 —-141 0
2 226 3.72 =211 4.81 176 5.93 —-145 2.53
3 239 9.91 =220 9.00 191 14.73 -156 10.10
4 239 9.68 -223 10.54 188 13.34 -160 13.61
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Table 4 Peak stress and variation rate of the arch foot and bottom

HE BUE
T
RIRL W/ MPa AR/ % RN TWEE/ MPa  AB(L3/% || HIRNTWEME/ MPa  BML/% KRR/ MPa AL/ %
1 133 0 -174 0 175 0 -228 0
2 112 -16.30 -152 -12.79 152 -13.12 -228 -0.08
3 94 -29.24 -142 -18.55 136 -22.16 -194 -15.17
4 93 -30.44 -130 -25.61 134 -23.08 -174 -23.81
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Fig.7 Tendency of the failure stress at each part
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Fig.9 Distribution of cross-sectional deformation
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Table 5  Simplified parameters of the orbital model
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Fig. 10  Schematic of the tunnel model boundary condition
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Fig. 11  Comparison of the displacement and stress of the tunnel under two working conditions
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