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Fig.1 Finite element model of a tunnel
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Table 1 Parameters of model materials

HPEREE | KGSSTT | BYYIA R BUESR
e /MPa /MPa 1) | /(kg-m™) /MPa L e
SR KA T 6 500 0.5 30 2 400 34 0.32 0.01
55 KA HL T 6 500 1 45 2 400 64 0.28 0.01
W B s 2 000 0.4 24 2200 32 0.3 0.01
C45 IR EE T 35 000 5 55 2500 45 0.2 0.02
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Fig.2 Curve of horizontal acceleration
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Fig.3 Comparison of third principle stress distribution in lining
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Table 2 Stress and displacement values at key points of tunnel lining when the fault is dislocated vertically

downward by 0.04 m
S 1 2 3 4 5 6 7 8
T2 (e Eﬁzijjjj/MPa 437 | 3.56 5.87 5.37 3.98 3.16 3.27 3.48
Y375 /mm 0.122 | 0.122 | 0.119 | 0.115 | 0.113 | 0.113 | 0.112 | 0.112
W2 007 25 = F: N J1/MPa 551 | 4.56 9.63 9.10 6.35 3.74 3.43 3.66
0.04 m Y= #%/mm 0.174 | 0.173 | 0.167 | 0.160 | 0.156 | 0.155 | 0.154 | 0.154
o 5= N IR/ (%) | 26.09 | 28.09 | 64.05 | 69.46 | 59.55 | 18.35 | 4.89 5.17
Y- 1/ (% ) 42.62 | 41.80 | 4034 | 39.13 | 38.05 | 37.17 | 37.50 | 37.50
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Fig.4 Contour of lining stress distribution under seismic action
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Table 3 Extreme values of critical points at inner side of tunnel lining under seismic action

G 1 2 3 4 5 6 7 8

F 5 S1H% {E/MPa 10.71 6.75 1031 | 16.03 | 13.03 | 1330 | 12.64 8.82
B oL [} = K 4 XD B A /mm 0.08 0.35 0.35 0.53 0.41 0.39 0.33 0.11
X—JER BE AR AE/ (m/s?) 1.46 0.91 1.47 272 1.74 1.63 0.97 1.34

. F R IR AE/MPa 9.44 7.77 1436 | 1692 | 12.04 | 993 7.42 6.85
&Z%ff X~ ff/mm 0.11 0.39 0.49 0.66 0.55 0.44 0.38 0.15
X—JER BE A AE/ (m/s?) 6.33 4.36 8.04 12.57 8.46 7.17 5.67 7.02

TN S AR R/ (%) | -11.86 | 15.11 | 39.28 5.55 -7.60 | -2534 | -41.30 | -22.34

IR Xt g/ (%) | 37.50 | 1143 | 40.00 | 2453 | 34.15 1282 | 15.15 | 36.36
Xk Jig B i /A3 3.34 3.79 4.47 3.62 3.86 3.40 4.85 4.24
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Fig.5 Time-history curves of seismic response at Point 4 with damping effect under no fault dislocation
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Fig.6 Time-history curves of seismic response at Point 4 with damping effect under fault dislocation
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Simulation Study on Se¢eismic Response Laws and Seismic Mitigation Measures
of Tunnels under Fault Dislocation

GAN Xingqiuv' XU Feng' WANG Xiaowei' LI Pei' PENG Shuquan® QI Binxi> FAN Ling® WANG Fan®
(1 CCCC First Harbor Engineering Company Ltd., Tianjin 300461; 2 School of Resources and Safety Engineering, Central South
University, Changsha 410083)

Abstract Taking the No.2 tunnel of the Lot 3 of the Phase I project of"Nariobi—Malaba Railway as the background,
this paper uses the ANSYS software to conduct numerical modeling for‘the simulation study of the seismic response
and seismic mitigation measures of tunnels under fault disloeation ‘and seismic action. The results show that the seis-
mic response of the tunnel sidewalls is the most obviou§both under the action of fault dislocation in the vertical di-
rection and the seismic action in the horizontal\direction; fault dislocation leads to stress redistribution in the tunnel
under the effect of gravity as well as seismic‘action, where the principle stress extreme value, X—displacement ex-
treme value and maximum acceleration increase obviously, with the largest increase in acceleration; the seismic re-
sponse of the tunnel under fault dislocation and seismic action decreases obviously with increasing of damping ratio
of the shock mitigation layers, and a shock mitigation layer with larger damping ratio can effectively reduce the ex-
tent of increase in the stress, displacement and acceleration induced by the seismic response of the tunnel due to
fault dislocation; sand—rubber mixture and gravel-rubber mixture, in combination with_geecell reinforcement, are
potentially suitable seismic mitigation materials for tunnels.

Keywords Railway tunnel; Fault dislocation; Seismic response; Numerical ‘calculation; Stress; Damping ratio;

Shock mitigation

ios S35 I (BE398H), 2021 4 6 B HER
Vol.58, No.3 (Total No.398), Jun.2021




