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Analysis of seismic response of single-tube with two-track shield tunnels
considering prefabricated internal structures

TANG Zeren' , CHEN Chen”, ZHU Yuanchang', DU Yanan®, LIU Xian'
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. China Railway 14th Bureau Group
Shield Engineering Co., Ltd., Nanjing 211800, China)

Abstract: To investigate the seismic response of single-hole with two-track shield tunnels and inside prefabricated
internal structures, this paper adopts stratum-structure method and viscous-spring artificial boundaries, utilizing the
concrete damage plasticity ( CDP) model to structures and establish the finite element models based on the
Shanghai airport link line. After simulating, analyzing, and comparing, the seismic response of single-hole with
two-track shield tunnels under five earthquakes has obtained. The results reveal that; internal structures, which can
effectively increase the lateral stiffness of tunnel and reduce the diameter deformation rate, are beneficial to the
seismic performance of tunnel. However, due to the internal structures, the most severely damaged part of the
tunnel will change. Although the under-track structure increases the transverse stiffness of tunnel, the side walls on
both sides of middle box culvert will be the first damaged parts under seismic wave. The seismic performance of
partition walls is the worst among all components, and its response is controlled by the medium to long periods of
seismic wave. Damage to the middle partition wall is mainly concentrated on the top and bottom. The seismic
performance of the tunnel structure is relatively good, while the seismic performance of the internal structure is

relatively poor, especially the middle partition wall. Future design and research should focus on the partition walls.
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Table 1  Stratum information

+ 245 +IEA R/ (kg/m?) FhE& J1/kPa EESE S/ (©) JE i i/ MPa
@-1 MR+ 1890 21.8 14.2 4.90
@ TRAIAYE ST SR 1 1770 12.4 14.6 7.35
®-1 Y RER 95 1780 15.2 15.0 7.80
©-1 5Lk ~ B R R 1 1950 43.6 15.7 7.50
@-1 T ~ IR D I A + 1970 13.0 31.8 13.80
@-2 IR ~ IR 2000 13.4 32.2 16.00
©) TR A b A 2010 17.1 32.9 17.20
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Fig. 1 Information of the tunnel

2 HEER

K ABAQUS # A% BRIE HURRTEREHEATITIE , A0 B 0 BROTA AR Y 5 M= sl i e BGHEA TR 40 A
2.1 HERE
2.1.1  FIT MRS il

R YRR BRI HURNMEREVEAT BT o0, AR (BRI U 0 2 | ST v R 35l R TR 3 e A 2 R
FHSEPRBAIE (CPE4R ) HEATHLHL

2 SRR B X SR (R A TR - TR R B 0.8 S R RRIE | AR A R TR M - 4R A
1739844 ( concrete damage plasticity, CDP) ASHY , C40 ASHS WL 2 S R F = Pr 2R s ia P ARy

25 A 5 R e R R el DD R BRI ()R S AR BRI R BCR 0.3, %
B S5 W R TN 0.5) 3B M TS B 5 B0 P 3 o 5 8T 2 M SR ie” B, 7
FH“tie” $E AL WLIE 3 BRELEBAL

A5 ;1.0 gl 11,0
18
g 2.0 0.8 Hi 4 15 1038 i
)
S 15 106 & = R gz 0.6 =
g — N | = = e &
@ 1.0 — PRI {04 2 & o9 SORBUAIZ | o 5
™ i ~ 6} B
0.5 1022 102
3
obe v v o 1) N |
0 02 04 06 08 1.0 1.2 0 020406081.012141.61.8
R AE(<107) Z IR/ (% 107
(a) ZHiif (b)) ZIEdifs

2 C40 BEEL CDP &K#Yy
Fig.2 CDP constitutive of C40 concrete

B3 “tie” B ERAL

Fig.3 The tie constrain parts



88 o T B 5 T & #& 3 a5 E

212 AR5

B, P BRI R - 35 m, AR SFREFEA 100 mx 100 m, AT I 5 d A T 5= A B ROSF 28O0 Tl B il
FEAHRE B B/ MBS AR RS OGRS RS e 1 m, IR %0 & Bl AR RS R4 T Ry A i 2 b 2

Gy R Ay R N 3 DA A RSN 3 43T e i 1 FR R 3 434 2D R AR T I 29
JEHR AR [ B 2 o5 Bl 3 20 Fr v JBOIH AR 2o T A5 B 030 A A S B s e N T3 R, 2 Rh
SN T A SEORE AR s T e P B E S5 M OCSTIR [ 17-19 | AT BB

B Ak Rt ey, B 3 53 A A5 vhoR £ 3200 S U0 S g 3 SR FHAE RO S5 AT 3 R S AR
AP,
2.2 HEFHIEE

A5 GB 18306—2015¢ H M= sh S5 X R B Y 21 Fe TRE MWkt , B i AT IX B 20 g 7 B8, in
HER 0.10 g, BEHHIAZ SN 2 41, 50 IV 25, KA GB 18306—2015( i [ i il 3 S 01X i 1y 12!
Je 13§ DGJ08-9—2013¢ BRI THRURR Y 2 R, 4 5% 3 Jin 7 35 75 R O 0.12 g, S 3 R AiE S 301 7 0
0.9 s, HAE GB 50909—2014 (3l Tl 410 288 25 FHTRE BRI ) = Fe 3 b ), 78 AT b i T AR A
¥ H0 (pacific earthquake engineering research center, PEER) AT HIFRSIUCIC,, 25 37280k 1V 28 T
PC AR P EOR M AV, AT 150 m/s, LI R FBOR . DERCHS BRI 4 252D Sl 3¢, A A
THES) 1 5%, AR E B 2,

x2 WEBELXER

Table 2 Basic information of selected ground motion

iz Hhi% 4 Bk RAAEA R My, Rt /s VBN /g Vip/ (m/s)
1 Loma Prieta 1989 6.93 30.095 0.118 126.40
2 Chi-Chi 1999 7.62 135.000 0.060 124.27
3 Niigata 2004 6.63 172.190 0.205 134.50
4 Christchurch 2011 6.20 50.000 0.690 141.00
5 NTH=Z) — — 20.000 0.221 —
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Fig.6 Route of numerical simulation
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Fig.8 Deformation of under-track structure
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Fig.9 Relative lateral displacement curves in the sidewall of under-track structures

A MR BT SR 0 O (8 (AR X AP 0288 L3 4,
x4 EENEIEEBX KT

Table 4 Peak relative lateral displacement of box culvert sidewall mm

A ZER RS rP B A D P A DS FIAER N ES

iEm i 1] ET] | ET] 11 1E[] 11

Loma Prieta 1.448 -1.151 1.726 -1.390 1.694 -1.336 1.431 -1.088
Chi-Chi 1.388 -1.450 1.791 -1.666 1.980 -1.508 1.654 -1.223
Niigata 1.435 -1.468 1.738 -1.750 1.789 -1.696 1.507 -1.392
Christchurch 1.197 -0.637 1.417 -0.745 1.424 -0.686 1.212 -0.562
N5 sh 1.446 -0.971 1.819 -1.194 1.841 -1.159 1.492 -0.901
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Table 5 Lateral displacement of partition wall
FNER g H EE HESRMRIRTR o
fike/mm i o fiB/mm (MO fiB/mm MO fiFE/mm BMO fiE/mm {iFEA 6

Loma Prieta 5.82 1/531 10.14 17453 14.56 17425 19.15 1/459 19.35 17477

Chi-Chi 8.85 1/350 13.97 1/328 21.52 1/288 26.54 1/331 25.47 1/363

Niigata 4.48 1/692 8.13 1/565 12.62 1/491 16.82 1/523 16.89 1/546

Christchurch 5.26 1/588 9.82 17467 14.62 17423 19.26 1/456 19.35 17477

N T HbE 5l 8.69 1/356 13.16 1/349 18.59 1/333 23.24 1/378 23.08 17400
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Fig. 12 Internal forces of tunnel
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Table 6 Internal forces of internal structures

- BUN EE R 2 A TR BT G5 A 35k THUA TP RRERIE R
57 J3/kN B/ (KN - m) 55 11/kN R/ (KN - m) 5§ 71/kN 4/ (KN - m)
Loma Prieta 132.30 1.57 126.75 4.80 61.05 1.03
Chi-Chi 184.10 7.34 174.00 5.68 104.00 2.41
Niigata 187.60 4.16 99.05 2.68 212.50 2.51
Christchurch 194.00 3.95 106.50 2.32 262.20 2.83
AN T Hi23) 75.97 2.23 192.70 4.37 112.70 2.67
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Fig. 13 Comparison of tension damage of tunnel Fig. 14  Comparison of compression damage of tunnel
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Fig. 15 Damage of under-track structure
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Table 7 Damage of under-track structure under different seismic wave reaction
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Fig. 16 Damage nephogram of the central partition wall
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Table 8 Damage of the central partition wall under different seismic wave reaction
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