%40 % 574 Aok X F F R (B KR HAF RKR) Vol.40,No.7
2019 % 7 A Journal of Northeastern University ( Natural Science) Ju. 2019

doi: 10. 12068/j. issn. 1005 —3026.2019. 07. 020

355, T 3t T BB 45 4 3t BE BN 7 Wi Rz 43 A

ImF, T4, kARE
(AR WIR S KR TR 2:Be, 107 JLBH 110819)

i P e e ol I PP S 1y e A = = % R N 7 N S it L L DA VR IV 27 g = B Lt R
FAITRI P T, A5 A R S5 TR0 B2 (0 FH 20 B R o A A A B )t AR e 3, S ST, R 5 S A B A TR | AR A
TR A K- M2 AR . SR 4 - 254 S il soT , B % 8 S Z MM EAE R S a5+
(5] 649 4389 S R 1 00 LA B A SRR AE AT M B VR T M SRS AR RN ) 43 A, 85 5 8 B0 . i 48 JERAm o B 45 4
IR AE P T &2 B S (A ) 5 8% | 25 5 R AR S B IR WK 7 i) oA 2 A I el A5 s 5 A TR 40 ) i R g SR s
4D V6553 AT A TOURR. DV AR 5 00335 %) 328 48 o7 L B v B it r) Btk , ZE B0 RB LT rP 7 SR IO [T 5 e

X B R HWNER AR MU N S5 H T R

FESES: TU 45 XEAPRERD: A XEHS: 1005 -3026(2019)07 - 1020 - 08

Seismic Dynamic Response Analysis of Urban Underground
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WANG Peng-yu, WANG Shu-hong, ZHU Cheng-jin
(School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China. Corresponding
author; WANG Shu-hong, E-mail; shwang@ mail. neu. edu. cn)

Abstract; Seismic safety issues must be considered in the design of urban underground utility
tunnel. Firstly, the reaction displacement method was used to calculate the internal force of the
utility tunnel structure during the seismic, and the weak part of the utility tunnel was obtained.
Then the dynamic time history method was used to analyze the seismic response of the utility
tunnel, and the numerical model of the soil, structure was established, and the horizontal seismic
action was input at the bottom of the model. The soil-structure interface contact unit was used,
and the interaction between soil and structure was considered, and the separation and slip between
the structure and the soil , the displacement deformation and stress distribution of the utility tunnel
under horizontal seismic were obtained. The results show that the standard section structure of the
underground utility tunnel has obvious lateral displacement under the action of horizontal seismic
action, which is prone to bending and shear failure, but no obvious displacement in the horizontal
direction. The weak link in the seismic damage of the utility tunnel structure is on the roof, the
bottle plate and the side wall, as well as the wall end of the partition wall, and reinforcement
measures are required in the seismic design.

Key words: underground utility tunnel; time history analysis; seismic response; structure
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Fig. 1 Acceleration time history curve of El-Centro wave
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Fig. 2 Load diagram in reaction displacement method
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Table 1 Horizontal force of the cross section of structure at the spring support point under earthquake action

e E2 3R VEH] E3 Hi3&1EH]
™R
A IS/ wm MRS/ pm WK S/KN A/ wm SRS um MR KSE F1 /KN
6~4 64 769 1235 9. 264 13 452 2 565 19. 241
50 ~21 64 685 1151 8.62 13 434 2390 17.921
49 ~22 64 587 1053 7.894 13414 2186 16. 396
48 ~23 64 476 942 7.061 13 391 1956 14. 666
47 ~24 64 352 817 6. 129 13 365 1698 12.731
46 ~25 64214 630 5.099 13336 1412 10. 592
45 ~26 64 064 530 3.971 13 305 1100 8.248
44 ~27 63 900 366 2.745 13271 760 5.701
43 ~28 63 724 19 1.421 13234 394 2.952
1~3 63 534 0 0 13 195 0 0
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Fig. 3 Node number of model 9z 4H ™o
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Table 2 Test results of wave velocity
T HE v, P v, BAA L SRR E, YRR G,
me-s™' me-s™' Mg MPa MPa
261.3 640. 8 0.39 376.42 141. 19
[FRE AR LA T By R AR A i i 5 Ve AT 028 BUASE AL 3.
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Table 3 Calculation of shear force under earthquake action
E2 b2 AEH E3 5= /EH]
WA
B R /KPa B WYIIAN  BIRER kP DY DY) J1/kN
6~4 1.41E +05 0. 000 156 22.06 1.41E +05 0. 000 324 45.81
50 ~21 1.41E +05 0. 000 183 25.78 1.41E +05 0. 000 379 53.55
49 ~22 1.41E +05 0. 000 209 29.51 1.41E +05 0. 000 434 61.28
48 ~23 1.41E +05 0. 000 235 33.22 1.41E +05 0. 000 489 69. 00
47 ~24 1.41E +05 0. 000 262 36.93 1.41E +05 0. 000 543 76.70
46 ~25 1.41E +05 0. 000 288 40. 63 1.41E +05 0. 000 598 84. 39
45 ~26 1.41E +05 0.000 314 44.33 1.41E +05 0. 000 652 92. 06
44 ~27 1.41E +05 0. 000 34 48.01 1.41E +05 0. 000 706 99.71
43 ~28 1.41E +05 0. 000 366 51. 68 1.41E +05 0. 000 76 107. 34

1~3 1.41E +05 0. 000 392 55.35 1.41E +05 0. 000 814 114.95
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Table 4 Calculation of bending moment by reaction displace method

- 1V A S E2 i ZAE E3 HiZAEH
kN-m LR/ (KN-m) MXTEOEHZHEIG R/ % B/ (KN-m) HXSFIEH SR/ %

ToUAR %5 v 209 243 16.3 283 35.4
ToibR 32 g -266 -514 93.2 - 697 162. 1
338 ToE R -206 -514 149. 4 - 697 238.3
]335 5 103 100 -2.9 77 -25.2
A 3588 P -274 19 106. 9 155 156. 6
JEAR 5 v 243 235 -3.3 371 52.6
JRCHR 32 A -274 -434 58.4 -579 111.3
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Fig. 4 Structure cross-sectional dimensions
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Table 5 Physical and mechanical parameters of soil
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Table 6 Stress of key section of structure
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