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Resilience assessment and prediction of metro shield tunnels

under explosive conditions
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Abstract; To ensure the operational and structural safety of the subway system, an assessment of the
resilience of metro shield tunnels under explosive loading was conducted. A resilience assessment
framework and grading criteria for shield tunnels under blast loading were established, and a resilience

prediction model was developed based on a backpropagation ( BP) neural network with a three-input, five-

# SCEESS :1003-3033(2026) 04-0123-09;  Wicks HIH.2025-11-14; 1&H H I .2026-02-05
s JEAGAVEE . XBFERE (1976—) , 5, WU N BE N, 11, 2045, 35 50 2R % 900 o 2 4 VP4 45 7 T A F 5T, E-mail ; xianghuideng @ xatu.

edu. cn,



hoE " 2 R ¥ % R
- 124 - China  Safety

Science  Journal

hidden-layer, single-output architecture. This model and evaluation approach were applied in a case study
on the Xi‘an Metro Line 1 to assess and predict the tunnel’s resilience. The results indicate that a shorter
standoff distance, a higher explosive yield, and a higher number of explosions each accelerate the decline
in the tunnel’s resilience. The resilience exhibited the most pronounced drop after the first explosion; the
subsequent rate of decline was relatively gradual until the fifth explosion, after which it increased
significantly. After the fifth explosion, the tunnel entered a low-resilience state requiring prompt repairs to
meet operational requirements, and by the seventh explosion, the resilience had fallen to an extremely low
level that could no longer ensure operational safety. The resilience assessment framework and prediction

model developed in this study can be used to assess the safety status of metro shield tunnels under repeated
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external explosions.
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Fig.2 Finite element model diagram
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Table 2 Comparison between empirical formula predictions

and numerical simulation results for peak pressure
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0.2 23. 508 21. 206 -9.79

. 0.4 3.494 3. 169 -9.30

0.6 1. 146 1. 041 -9.16

0.8 0.519 0. 468 -9.83
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Table 3 Statistical table of the resilience of each tunnel segment after after 5 explosions with different
explosive equivalents

HEKE FEZS Y ke
L H/kg H1 H2 H3 H4 H5 H6
500 0.951(1) 0.952(1) 0.947(1) 0.947(1) 0.928(1) 0.937(1)
1 000 0.942(1) 0.942(1) 0.931(1) 0.931(1) 0.907(1) 0.913(1)
1 1 500 0.939(1) 0.939(1) 0.923(1) 0.908(1) 0.897(1) 0.902(1)
2 000 0.941(1) 0.939(1) 0.921(1) 0.913(1) 0.903(1) 0.901(1)
2 500 0.934(1) 0.928(1) 0.911(1) 0.902(1) 0. 874(1) 0.881(1)
500 0.922(1) 0.921(1) 0.913(1) 0.914(1) 0. 884(1) 0.895(1)
1 000 0.910(1) 0.907(1) 0.889(1) 0.890(1) 0.852(1) 0.861(1)
2 1 500 0.906(1) 0.904(1) 0. 880(1) 0.856(1) 0.840(1) 0.847(1)
2 000 0.909(1) 0.905(1) 0.878(1) 0.864(1) 0.852(1) 0.846(1)
2 500 0.900(1) 0.887(1) 0.860(1) 0.845(1) 0.804(1) 0.813(1)
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HRKE ] R
WHL H/kg H1 H2 H3 H4 H5 H6
500 0.890(1) 0.887(1) 0.875(1) 0.876(1) 0.839(1) 0. 848(1)
1 000 0.875(1) 0.867(1) 0. 844(1) 0.844(1) 0.797( 1) 0.804(1)
3 1 500 0.870(1) 0.863(1) 0.834(1) 0.803(1) 0.782( 1) 0.787( 1)
2 000 0.874(1) 0.863(1) 0.831(1) 0.811(1) 0.794( 1) 0.784( 1)
2 500 0.863(1) 0.840(1) 0.805(1) 0.779( 1) 0.730( 1) 0.742( 1)
500 0.863(1) 0.857(1) 0.839(1) 0.839(1) 0.797( 1) 0.803(1)
1 000 0.844(1) 0.830(1) 0.803(1) 0.799( 1) 0.745( 1) 0.751( 1)
4 1 500 0.834(1) 0.822(1) 0.790( 1) 0.751( 1) 0.725( 1) 0.728( 1)
2 000 0.833(1) 0.819(1) 0.785( 1) 0.757( 1) 0.733( 1) 0.720( 1)
2 500 0.821(1) 0.790( 1) 0.748( 1) 0.714( 1) 0.660( 1) 0.670( 1)
500 0.837(1) 0.829(1) 0.806(1) 0.804(1) 0.757( 1) 0.760( 1)
1 000 0.816(1) 0.797( 1) 0.764( 1) 0.756( 1) 0.695( 1) 0.701( 1)
5 1 500 0.797( 1) 0.782( 1) 0.746( 1) 0.702( 1) 0.671( 1) 0.671( 1)
2 000 0.789( 1) 0.774( 1) 0.738( 1) 0.704( 1) 0.670( 1) 0.655( 1)
2 500 0.777( 1) 0.740( 1) 0.691( 1) 0.650( 1) 0.592( M) 0.599( 1)
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Fig.5 Structural performance decay curves of H1 tunnel

segments at different explosive equivalents
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Table 4 Statistical table of evaluation indicators

A& R? MAE MBE RMSE

YR 0.9755(0.009 113 2]0. 000 678 49| 0. 011 486

4L 10.977 5| 0.011 143 | 0.002 151 6 | 0. 013 799

M 4 nl AL Y gh e SRR Y R (A A
0.95,MAE fH & T 0.015, RMSE {H¥{& T 0.1,
MBE {E#438 T 0, Ui WX S8 PF M 35 b 400 & HE i 72
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Table 5 Predicted resilience of each tunnel segment under

2 500 kg explosive equivalents

Eho| B OBON | BME | TN | BME | T
PR B | B | W | B | | B
1 6 0.713 7 0. 608 8 0.494
2 6 0. 661 7 0. 557 8 0. 444
3 6 0.619 7 0.491 8 0. 382
4 6 0.555 7 0. 426 8 0. 309
5 6 0. 490 7 0.352 8 0.248
6 6 0.504 7 0. 361 8 0. 255
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Table 6 Resilience grades for each tunnel segment after
different numbers of explosions at 2 500 kg

explosive equivalent
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