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Damage Analysis of Metro Tunnel Across Active Fault
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Abstract: In order to deeply study damage mechanism of metro tunnel across active fault, and find
the seismic weak parts, the theoretical analysis, numerical simulation and statistical regression
were used to analyze damage development of tunnel lining structure under reverse fault, and to
research the influence factors of weakening tunnel earthquake disasters. The results show that the
integrated finite element model of foundation soil-tunnel system can well simulate reverse fault
movement. The destruction is the most serious at the lining vault under reverse fault, the damage
degree of structure increases with increasing of dislocation, and the damage range is mainly
located in active fault. The destruction degree of lining structure can reduce with the increase of
soil layer thickness under the same reverse fault dislocation. The estimation formulas of lining
structural seismic weak position given can provide references for seismic design of metro tunnel
across active fault. Earthquake disasters of tunnel structure can be weakened by proper increase
of lining thickness, and tunnel structure in soft soil has better resistance to reverse dislocation.
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Fig.1 Tensile Stress-strain Curve of Equivalent Material
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Tab.1 Corresponding Relationship of Tensile Stress,

Inelastic Strain and Damage Value

i F7/MPa P 5 pif 22 PiiE
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Fig.2 Compressional Stress-strain Curve
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Fig.3 Compressional Damage Factor-inelastic Strain Curve
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Tab.2 Performance Indexes of Concrete Material
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Tab.3 Calculation Parameters of Soil, Rock and Fault
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Fig. 4 Integrated Finite Element Model of

Foundation Soil-tunnel System
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Tab. 4 Calculation Results Comparison of Surface Dislocation of Soil Site Under Reverse Fault
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AR ABAQUS %
30 0.181 0 0.202 6 11.9
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B TR 60
60 0.288 8 0.316 4 9.6
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Fig.5 Damage Curves of Lining Structure

Under Reverse Fault
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Fig. 6 Tunnel Structure Damage

Elevation Under Reverse Fault
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Tab.5 Damage of Tunnel Lining Structure

Under Reverse Fault when ¢=230°

TR | N E/m | BRI 1457 S/m
H/m Dy Dy e X i K /m

0.25 | 0.43 |0.137 8| (—65,55) | 120
0.40 | 0.69 |0.2225| (—75,75) | 150

40 0.50 | 0.87 |0.2832| (—75,85) | 160 15
0.60 | 1.04 |0.4310| (—75,85) | 160
0.70 | 1.21 |0.9030| (—75,85) | 160
0.40 0.69 |0.150 9| (—90,50) 140
0.50 | 0.87 |0.190 2|(—100,60)| 160

60 0.65 | 1.13 |0.252 2|(—110,70) | 180 0
0.75 | 1.30 |0.3251|(—110,70) | 180
0.83 | 1.43 |0.722 9|(—110,70) | 180
0.40 0.69 |0.106 3|(—114,26) 140
0.50 | 0.87 |0.1321|(—124,36)| 160

80 0.75 1.30 [0.226 0| (—134,56) 190 —14
0. 85 1.47 |0.275 6| (—134,56) 190
0.95 | 1.65 |0.598 8|(—134,56) | 190
0.50 | 0.87 |0.0954| (—139,1) | 140
0.70 1.21 |0.163 0| (—159.21) 180

100 0.90 | 1.56 |0.236 3|(—159,41) | 200 | —29
1.00 | 1.73 [0.290 0| (—159,41) | 200
1.10 | 1.91 [0.711 7| (—159,41) | 200
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Tab. 6 Damage of Tunnel Lining Structure

Under Reverse Fault when g =45°

FRIEEE | AR/ m | ok Ei K VIE(eniEl S/m
H/m Dy Dy e X [H] KEE/m

0.35 0.35 |0.181 3| (—46,74) 120
0.57 0.57 10.272 1| (—56,94) 150

40 44
0.71 0.71 |0.555 8| (—56,94) 150
0.78 0.78 |0.874 1| (—56,94) 150
0.57 0.57 |0.188 9| (—66,84) 150
0.71 0.71 10.229 3| (—76,94) 170

60 34
0.92 0.92 |0.579 1| (—76,94) 170
0.95 0.95 |0.791 2| (—76,94) 170
0.57 0.57 10.137 3| (—76,74) 150
0.71 0.71 |0.184 0| (—86,84) 170

80 0. 85 0.85 |0.214 8| (—86,94) 180 24
0.99 0.99 10.2736| (—86,94) 180
1.13 1.13 [0.547 7| (—86,94) 180
0.71 0.71 |0.141 5| (—86,64) 150
0.92 0.92 |0.190 7| (—96,84) 180

100 1. 06 1.06 |0.224 6| (—106,84) 190 14
1. 27 1.27 10.329 9| (—106,84) 190
1.41 1.41 [0.8001|(—106,84) 190
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Tab.7 Damage of Tunnel Lining Structure
Under Reverse Fault when ¢=60°
T+ 2R PLsH/m | KR LR (EREE s/
/m
H/m Dv Dy HifE X [i] KJE/m
0.43 0.25 |0.186 2| (—35,85) 120
0. 69 0.40 |0.288 3| (—45,95) 140
40 45
0. 87 0.50 |0.608 5| (—45,95) 140
0.95 0.55 |0.752 6| (—45,95) 140
0. 69 0.40 |0.212 9| (—47,93) 140
0. 87 0.50 |0.2630|(—57,103) 160
60 43
1.04 0.60 |0.4159|(—57,103) 160
1.21 0.70 |10.819 4| (—57,103) 160
0. 69 0.40 |0.150 0| (—48,92) 140
0. 95 0.55 |0.224 3|(—58,102) 160
80 1.13 0.65 |0.277 4| (—58,112) 170 42
1. 30 0.75 |0.612 2|(—58,112) 170
1. 39 0.80 |0.8000|(—58,112) 170
0.95 0.55 |0.178 2| (—60,100) 160
1.21 0.70 |0.244 9|(—70,110) 180
100 40
1. 39 0.80 |0.304 7|(—70,110) 180
1. 56 0.90 |0.7383|(—70,110) 180
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Tab.8 Damage of Tunnel Lining Structure

Under Reverse Fault when ¢=70°

+ 2R E o7 i 1t /m e KA 4 1590 B S/
H/m Dv | Du | #iff Xig | KBEE/m|

0.47 0.17 10.183 5| (—30,80) 110
0. 85 0.31 |0.314 1| (—40,90) 130

40 51
1.03 0.38 |0.617 9| (—40,90) 130
1.22 0.44 10.798 3| (—40,90) 130
0.75 0.27 10.203 7| (—37,93) 130
0.94 0.34 10.259 4| (—47,103) 150

60 53
1.22 0.44 10.466 5| (—47,103) 150
1.41 0.51 10.746 9| (—47,103) 150
0.75 0.27 10.116 7| (—24,96) 120
1.03 0.38 10.218 2| (—44,106) 150

80 1.32 0.48 10.298 8| (—54,106) 160 56
1.50 0.55 10.651 1| (—54,106) 160
1.69 0.62 |0.786 7| (—54,106) 160
0.94 0.34 10.139 7| (—31.,99 130
1.32 0.48 |0.242 3|(—51,119) 170

100 1.69 0.62 |10.6147|(—51,119) 170 59
1.88 0.68 |0.7717|(—51,119) 170
1.97 0.72 |0.827 6| (—51,119) 170

A% T 58 K 40 475 X SR 3 A0 8 ¥ 1) 44 {0 S fefp
JE A AR RN E — i R L e W A5 R Y 45 1 X
SRR JBE AN P AR 5 A )30 T J2 A S R A O T L B
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Tab.9 Damage of Tunnel Lining Structure

Under Reverse Fault when a=280°

TRERE | R/ m | ok 453 3
H/m Dv Dy i X [A] K /m
0.59 | 0.10 [0.176 2| (—15.85) | 100

S/m

0.79 | 0.14 ]0.254 4| (—35,85) 120
40 55
0.98 | 0.17 ]0.533 6| (—35,85) 120

1.18 | 0.21 |0.608 3| (—35,85) 120
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Tab. 11  Calculation Parameters of Soil
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Fig. 9 Change of Tunnel Structural Peak Stress and
Strain with Soil Property in Elastic Stage
(Dy=0.17 m, D;=0.1 m)
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Soil Property (Dy=0.87 m, Dy=0.5 m)
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