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Seismic response of small-radius planar curved tunnels
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Abstract: A three-dimensional model for small-radius planar curved tunnels with different bending angles is established to
investigate their seismic response. The influences of bending angle, amplitude and type of ground motion are considered.
The seismic response laws of the small-radius planar curved tunnels are obtained: (1) For the response amplitude, the
transverse seismic section is the largest, the curve section is the second, and the longitudinal seismic section is the least. (2)
For the response difference, the curve part has little effect on tunnel acceleration, which mainly affects the deformation of
tunnel; (3) For the vibration energy, the energy decreases gradually with the transition from transverse seismic section to
longitudinal one.
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Fig. 1 Metro line from Qintai Station to Wusheng Road Station
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Fig. 2 Schematic diagram of definition of bending angle
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Fig. 3 Schematic diagram of curved tunnel model
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Table 1 Parameters of soil materials

TEORE OCEE BIUIEGE e ShTUIRE s
W /Mmoo jkgm?®) /(ms') H E/MPa H/MPa

ANTHA+ 2 1750 180 032 57 150
wmE+ 6 1900 242 026 111 280

gk 10 2000 296 023 175 430
a0-fyRb 8 2000 300 024 180 446
FRREIA 1 12 2250 451 022 458 1118
FIRRGEA 2 12 2300 507 022 591 1442
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THE TR 2.
#2 TR*x
Table 2 Working conditions

L AR ) MR
1 150 0.1gEL
2 150 0.4gEL
3 150 0.1gKobe
4 150 0.4gKobe
5 135 0.1gEL
6 135 0.4gEL
7 135 0.1gKobe
8 135 0.4gKobe
9 120 0.1gEL
10 120 0.4gEL
11 120 0.1gKobe
12 120 0.4gKobe
13 90 0.1gEL
14 90 0.4gEL
15 90 0.1gKobe
16 90 0.4gKobe
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Fig. 4 Layout of monitoring points of curved tunnel
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Table 3 Relative percentages of acceleration amplitude of 4, F, K

in curve tunnel of 90°

WiER)  RRIEELL IR (ms ) a, /%
A 1.833 0
0.1gEL F 1.745 —-4.801
K 1.744 —4.855
A 4.248 0
0.4gEL F 4.006 -5.697
K 3.899 -8.216
A 2.325 0
0.1gKobe F 2.233 -3.957
K 2.153 —7.398
A 4.804 0
0.4gKobe F 4.527 =5.767
K 4.323 -10.012
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Table 4 Relative percentages of acceleration amplitude of F at

different bending angles

WS B ) IR e a, 1%
150 1.785 2.292
135 1.762 0.974
0.1gEL 120 1.801 3.209
90 1.745 0
150 4.170 4.094
135 4.196 4.743
0.4gEL 120 4.053 1.173
90 4.006 0
150 2.264 1.388
135 2.268 1.567
0.1gKobe 120 2.253 0.896
90 2.233 0
150 4.734 4.573
135 4.659 2.916
0.4gKobe 120 4.896 8.151
90 4.527 0
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Table 5 Relative percentages of maximum relative displacement of

A, F, Kin curved tunnel of 90°

=) M B RAHR AL /mm B 1%
A 6.21 0
0.1gEL F 3.32 -46.54
K 0.74 -88.08
A 22.98 0
0.4gEL F 11.46 -50.13
K 1.61 -92.99
A 7.53 0
0.1gKobe F 4.13 —-45.15
K 0.78 -89.64
A 31.22 0
0.4gKobe F 15.21 -51.28
K 1.63 -94.78
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Table 6 Relative percentages of maximum relative displacement of

F in curved tunnels at different bending angles

Painy =) AN

. L A I KAHRHT#% 0
ﬂﬁ}&zﬂ /(o ) /mm ﬂz 1%
150 6.02 81.33

135 5.68 71.08

0-1gEL 120 6.07 82.83
90 3.32 0

150 22.19 93.63

135 20.89 82.29

0.4¢EL 120 20.45 78.45
90 11.46 0

150 713 72.64

135 6.67 61.50

0.1gKobe 120 7.73 87.17
90 4.13 0

150 32.90 116.31

135 28.50 87.38

0.4gKobe 120 26.78 76.07
90 15.21 0
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Fig. 5 Curve of energy-normalized transverse width of curved
tunnel under action of 0.1gEL
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