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Response Acceleration Method for Tunnel Longitudinal Seismic Analysis
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(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Tech-
nology, Beijing 100124, China; 2. Beijing Key Laboratory of Urban Underground Space Engineering, University of
Science and Technology Beijing, Beijing 100083, China)

Abstract: As one kind of long linear underground structure, the longitudinal response is a very impor-
tant issue for seismic design of tunnels. In order to study the longitudinal seismic response of the tun-
nel, the dynamic problem of the tunnel structure under the action of the seismic deformation field is
first simplified to pseudo-static interaction between soil and tunnel, and the response acceleration
method of the pseudo-static interaction model of the soil-tunnel is derived. Then, based on the longitu-
dinal displacement mode, the response acceleration method for longitudinal seismic analysis of tunnel
is built, by offering formulas of the equivalent body forces and the boundary conditions. The devel-
oped method is employed to study the tunnel response with different ground conditions and buried
depths. The result is compared with that of the integrated seismic displacement method. Through the
analysis of the numerical results, some conclusions can be drawn: (1) When the site conditions and

buried depth are the same, the bending moment of the tunnel increases with the increase of the hori-
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zontal displacement of the site, while the shear force and torque have opposite changes; (2) The

ground condition has a significant effect on the tunnel internal forces. The softer the ground condition,

the larger the bending moment and torsion the tunnel suffers, but the smaller the shear force of the tun-

nel; (3) With the tunnel depth increasing, the shear force and bending moment gradually decrease.

However, the tunnel depth has a slight effect on the torsion.

Keywords: tunnel structure; seismic design; standard displacement mode; longitudinal seismic re-

sponse; response acceleration method
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Fig.1 Soil-tunnel quasi-static interaction model
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Table 1 Material parameters of ground sites
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Table 2 Earthquake parameters of ground sites

W RIEE AR/ SRR/ TJRABTER K/

i A2 51

m S m
T2 A+ 0.08 0.477 432.9
I 25 b + 0.1 0.83 478.8
2.+ 0.125 1.47 510.2
IV 48 + 0.155 2.77 534.8

B 725 1 T R 3 b 5% 1, Bk 38 45 48 78 — A4
F IR WK N S F S MO AE M,
B 70] LLE W AR F S50 T8y ) Fo, 355 M,
R M, 72— A 224808 i K N B A ) 6 4 A
B, B R B I AL JE AR R Ay 5% R KR AL i
TR M IE % B . XA (1) R RLE Y 4
HH I A 1 A7 A% R BCRT N, 1 AR AR O 5 R
I 1) 57 B A5 A A — B, B 4 2 K 0 RS K s %
25K, YK S B A O I % GE S AR AR O 0, i
BY 77 5 4R BAT AH R AR AR, KO A )
e K By R R AR R 0, 1 24 7K SF A 8% 4 O Bif 55
PARIET IR ERPN: IR N

Xof E L 7 Hp S [) 3 b 28 331 22 T 1 Bk 3 P T aT LA
BB, N 123 1S A6 R TV 2K 37 M, % T8 5T ) 3% W
A5 IN BV 37 b R R B R 0N TR T R SRR R
R &, S M 28 5 N 1253 W A8 46 Ol TV 23 1 | %
T A5 R AL 32 3 1 o

3.2 FEIE 3R B o B A 3 R e L B 2 T
SR AIF A () RS B8 S8 b 5 ) L ) 52 0 R

747



36
18
]
=}
Z 0
=
.R
= -18
%% T140 0 140 280
WHEE /m
(a) BYAIF,
18
2%, —o— G
- AR o I
E 9 e o%oR s g
% o R o VM
= 0 é{}o ’2‘39
ﬁ }%\‘a d':‘g
= W0 0O
w 9f Y 0-0 A
Baan?
oo
_13 1 1 1
280 ~140 0 140 280
A E / m
®) BN,
8
—o— 1335
-0 A
4r - o -l

—o- Vi

HHEM, / (10°kN * m)
(=)

x '@‘?ﬁ;) 3
Em 140 0 140 280
B E /m
(c) HFEM,

7 AR TR E N N

Fig.7 Internal forces of tunnels in different ground sites

TEAT 1B N 10 m . 20 m A1 30 m, 40 E S Fim o BR
W% 3 MR & AR AR L DA B L SR S R4
ARICEIRIAEI . B9 25 T B IE R R IR & T
8y F S MR M PE— A L2 EIB KA
B4 AT B0 o DTN O BT DL Y Bl 345 0% A 384 in , ok 3
BY 7 RS B W8/ o 1 10 m L 20 m A 30 m
TR 08 0 35 A AH 45, RID Bk T8 FH 6 R AS O B 2 TR 1Y
AR AT AR A

Bk 3 A5 b 25 4 1 b R g R 32 T A R A A
B 3 R AR TG o B 45 0 B G 2 o A 8 X
H, 50 m JE A 2 P WA (B AL B T TR R 1) 2k
/N, BV R 5 B TR G, B TE BT b 7 Y 04 (B
DL B W/ o X T AS [ B AL 17 5% 3 45 48 1T 5
HY\ 1 052 7% Ry A A () e {82 B AH A AR [ K i 1E
LU o WEAE A R /N B IR 2 3 b Y R G G ) 1 7

748

10m
l 20 m
30m
HIRL
2 O

Hu
y
L.
HIR3

18 [k E AN [ 2 P
Fig.8 Tunnels with different buried depths

6
FRY —o— HFd=10m FR
N -0 HRA20 m e
ar - & - HFA30m
5
< o
b,
2
=®
_3 i 9 /.”
Na- 47
60 130 0 130 260
HEAME/m
(a) BIAF,
16
—o— H#ifd=10 m
A -+ 0= 20 m
A - & - BHF0m
o -8
b . . :
260 Z130 0 130 260
BEME/m
(b) THEM,
6

M,/ (10N » m)
=]

%0 130 0 130 260
BEAE/m
(c) H5EM,

B9 ASTE IR 2 AR N BB G N
Fig.9 Internal forces of tunnels with different buried depths

o 78 A 6 JEE B /DN | I I B T R R BT T
U 9 A A B G 25 R A B 7 i O ) T 2
W/ o BB TE AT T R B A 2 1) A (R R A T ]
=BT IR TR . o T AR IR
v A, Hg | 1 3 B D)8 8 9 R B 5 1] R
AR DAL B TP B R T 9 S A AR R AL



4 & it

T S R 4 R R M= 3h 0 1 AL D R
AR Gy TR B9 B T U 0 A AR R e
7 - AU A B A PR TR 4 B e R T i
I 55 R AR S B RS B8 kX LE L BRI T % 5 vk Y R
Mo T S B9 RO INGE T % TT R T RS R 7 2%
F B A T B8 38 S8 R 14 % 8 2 1) 3t 7= ) 7 A A
Feo FEILUT 4518

(1) B% 18 25 56 5 3 Mook -3 8% 19 28tk B oA — 2L
P, RIVBE 37 4 K -7 8% B0 38 iing 3 i 89 5
HRA M B AR AL

(2) Bt 7 Hb DR 8 ¥ 708 A, B 3 25 4 HL O
8 o T 5 2 )

(3) 7E 50 m 5 = J= & BE N, BERE 18 21 I i 4%
I, B GH BT 77 02 R 2 080N, T AH AR R R
A

s A R, AR SCEE X 250 37 AR E R
& T B A O 1] TR 20 BT 649 BN e JEE T 3% T 6
TRAG ML R E 85K %07 1 i E e
B — L5

S % Uk -

(1] LE. EREMG T EF R &+ T
R, 1998, 20(1): 112-113.
Qian Q H. The upsurge of urban underground space de-
velopment in China [J]. Chinese Journal of Geotechni-
cal Engineering, 1998, 20(1): 112-113. (in Chinese)

[2] Wang W L, Wang T T, SulJJ, et al. Assessment of
damage in mountain tunnels due to the Taiwan Chi-Chi
earthquake [J].
Technology, 2001, 16(3): 133-150.

[3] Chen Z Y, ShiC, Li T B, el al. Damage characteris-

Tunnelling and Underground Space

tics and influence factors of mountain tunnels under
strong earthquakes [J]. Natural Hazards, 2012, 61
(2): 387-401.

[4] Wang Z Z, Zhang 7. Seismic damage classification and
risk assessment of mountain tunnels with a validation
for the 2008 Wenchuan earthquake [J]. Soil Dynamic
and Earthquake Engineering, 2013, 45: 45-55.

[5] Shen Y S, Gao B, Yang X M, et al. Seismic damage

(6]

[9]

mechanism and dynamic deformation characteristic anal-
ysis of mountain tunnel after Wenchuan earthquake [J].
Engineering Geology, 2014, 180: 85-98.

XV, B, AR T S5 R PR TS T
031 0 M R AT B T S [T]. A b TR AR,
2007, 29(2): 237-242.

LiuR S, Hu S Q, Shi H B. Study on seismic loading of
pseudo-static approach used in the seismic design of un-
derground structure [J]. Chinese Journal of Geotechni-
cal Engineering, 2007, 29(2): 237-242. (in Chinese)
XUAE B, X i . ik T 2F 4R 50 AL 4R W7 100 3t Bk 4 3k
S5 40 T A R R I AR e LT AR DA, 2008,
25(10) : 150-157.

Liu X Q, Liu J B. Time history analysis of elasto-plas-
tic seismic response of a subway station structure with
arched cross section based on fiber model [J]. Engineer-
ing Mechanics, 2008, 25(10): 150-157. (in Chinese)

X e, EARVE, TROVE, A R O 1] R SN S AT 1
Bk RN AL RS s [J]. TR %, 2018, 35(10) -
17-26.

LiuJ B, Wang D Y, Tan H, et al. Integral response
displacement method for longitudinal seismic response
analysis of tunnel structure [J]. Engineering Mechan-
ics, 2018, 35(10): 17-26. (in Chinese)

WG, SRR, ZE8E, A5 M N ES PR T B
SERURNI IR BE [T ], R 12, 2020, 41(7) 2 1-10.
YuH T, Zhang Z W, Li P, et al. Improved equivalent
response acceleration method for seismic design of un-
derground structures [J]. Rock and Soil Mechanics,
2020, 41(7): 1-10. (in Chinese)

PRIE S, BRIE, ALA& 07, 55 37T o 55 44 o= 0k 5 ik
JELI]. B R Rk TR A4, 2016, 36(1): 7-29.

Chen G X, Chen S, Du X L, et al. Review of seismic
damage, model test, available design and analysis meth-
ods of urban underground structures: retrospect and
prospect [J]. Journal of Disaster Prevention and Mitiga-
tion Engineering, 2016, 36(1): 7-29. (in Chinese)
Zhao M, Gao Z D, Du X L, et al. Response spectrum
method for seismic soil-structure interaction analysis of
underground structure [J]. Bulletin Earthquake Engi-
neering, 2019, 17(9): 5339-5363.

EgE R RN (U N g e R 0 e A A
FRRBIAS, 2017(5): 42-43.

Bin J. Study on the simplified analysis methods of seis-
mic effects of underground structures [J]. International

Earthquake Dynamics, 2017(5): 42-43. (in Chinese)

749



[13]

[16]

[17]

[18]

[19]

[20]

[21]

750

Rl TR PR TR
40 R, 2006.

A FPZE AN . GB50011—2010[S]. dt 5t HhE
AT 1 R, 2016.

HiR 4 B2 AE R bR T YE . DG/ TJ08-2064—
2009 [S]. [ 1 vt 30 ol i 37 4 B 0
2009.

B PR S HIE - GB50267—97[S]. b5t HhE
B A, 1998.

R S5 # PR BT AR M . GB/T51336—2018[S]. db
AU E S Tl iR AL, 2018,

T A 32 38 A5 R PR T LE : GB50909—2014
[S]. dbmt: shE AL, 2014.

TARTE . B Y\ ri b 5 SN A A O ek R PR M REAF 5T
[D]. dba: WK, 2019.

Wang D Y. Research on longitudinal seismic response

GB5011—2006[S]. dt 5t &

analysis method and seismic performance of tunnels.
[D]. Beijing: Tsinghua University, 2019. (in Chinese)
XU dh e, ARV, WO, A R G\ N2 A Y
B N AVE RS 5 X LT iR B 5 e i, 2019, 38(21) -
104-111.

LiuJ B, Wang D Y, Tan H, et al. Response displace-
ment methods for longitudinal seismic response analysis
of tunnel structures [J]. Journal of Vibration and
Shock, 2019, 38(21): 104-111. (in Chinese)

XA, EARWE, WO, 45 R R RS vk 1 iR
e e — B MEUEWI [T]. £R TR 24k, 2019, 52(8):
18-23.

[26]

LiuJ B, Wang DY, Tan H, et al. Theorectical deriva-
tion and consistency proof of the integral response defor-
mation method [J]. China Civil Engineering Journal,
2019, 52(8): 18-23. (in Chinese)
Hashash Y M A, Hook J J, Schmidt B, et al. Seismic
design and analysis of underground structures [J]. Tun-
nelling and Underground Space Technology, 2001, 16
(4): 247-293.
Okamoto S, Tamura C, Kato K, et al. Behaviors of
submerged tunnels during earthquakes [ C]//In Proceed-
ings 5th World Conference on Earthquake Engineering.
Rome, Italy:[s.n.], 1974: 544-553.
XuZ G, DuXL, XuCS, et al. Numerical research on
seismic response characteristics of shallow buried rectan-
gular underground structure [J]. Soil Dynamics and
Earthquake Engineering, 2019, 116: 242-252.
B, BRI, m L, AF L A AR T A
JL R4 A J7 AR LB LT ] AR B AR, 2017,
12(3): 589-598.
Zhao M, Wang L. T, Gao Z D, et al. Comparison of
earthquake iput methods in soil-structure interaction
analysis [J]. Technology for Earthquake Disaster Pre-
vention, 2017, 12(3): 589-598. (in Chinese)
Huang J Q, DuX L, Jin L, et al. Impact of incident an-
gles of P waves on the dynamic responses of long lined
tunnels [J]. Earthquake Engineering Structural Dynam-
ics, 2016, 45: 2435-2454.

(AL % wET)



