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MULTIBODY DYNAMICS METHOD FOR LONGITUDINAL SEISMIC
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Abstract: The longitudinal seismic response analysis of immersed tunnels is crucially important for the seismic
design of immersed tunnels. Using the geometric features and structural characteristics of immersed tunnels, a
dynamic model composed of multi-rigid bodies, elastic damping hinges, and damping hinges is proposed for
immersed tunnels based on reasonable assumptions. The mathematical models and formulae are deduced using
the discrete time transfer matrix method (MS-DT-TMM) of multibody dynamics theory. The new method is
applied to a reference dynamic test and the seismic response of an immersed tunnel is analyzed. Results using the
proposed method compare well with benchmark simulations from the traditional finite element method. The
research could provide references for the rapid calculation of seismic response in immersed tunnels.
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Fig.1 Schematic of an immersed tunnel
K2 UUEBEESH 2 NI B R AR Y
Fig.1 Multi-rigid-body discretization model of
an immersed tunnel

112 ka9 REAER

B DL JE B 4R B P B B B A 5 2 0
B 1 BELJE SR 4L R A 0. WL I R TV SR
TPk E T GINA 1k 7K AN BT ok 21 ik
GINA &l PRI, 4RBTYIEE B — &
BOEME, R H R EIRERR BN, Rk L
VLR RBEAL, i 2 iR
1.1.3 L-sE#Aa EAER 64 RAAEA

NEWELRARGE SR E L RARZN—E
BX W R RRE @IS R LR, L EXUE
Wil EEh B —E A RERY. EmEm
TR FRE ML T, AA - S A ELE R i
T b R PR BEL IS 0 RIS S R A E b . MR IS B 3
TP RS, B A
TP RS - LA T A R BEL SR s
HAG B SR (BB AT RN

fi =—Ci¥c (1)

i f R B SR 2 A HRELE A1
| B R 2 BB BB K AT O
YT

!
Cij\%

QI



78

71

22
F

1.1.4 WEHR

b TR AT R — AR AR ) A A IR A A, AT
B R H VT 2 AT AN ] 1) T8 o e 4R, DR
VAT B F R AR R B0 e B 5T 4 )RR R
A2 A SCA T 9 R SRR R R VT b
TE YN IR, B FRT I b B A e B 1A N

F =) mPsin(at+¢) )
i=1
Hodr: FORMREMA R, m RS AE TR

PR ILELWE(E; o RAE; ¢ RAYIMLL.
12 ZFEhNFEE

BT U EREAGE, @ 7 IUERRIEN AR
Wi L FR) 22 AR Bl Fy AR 22 M-SR PR L JE #2-FH e
B,k 3 fs.

WG 2 AR RGAE BRI “Ik7 1“8 i—
as N, B3 HE TR TR T IR 1,
3y oo ng Bk S B BT S KON 24 4 -
n-1, MAEWELEEES L EME, HER
IR SR UCH n+1, n+2, -+ 2n=1, &% 7717 9 M
FEEG, BANETTRIE TR NG L,
O, FtrAC o PIRREIATCAME ] A TrEN
BRHE T, ox ONPPEARKRSL, O% (1=1. 3. . n)
R TR TO A R R A AR

1 5B - 45 R A B4R BE R B BELJE
f(1=1. 3. - n)FIR, WNZJ R AT RoR
NE 4 FoRiE, DU TR RIS DA 4
HFRHE

P'O'l P]_Q P3.2 P3~4 Pn.l 1 Pn.n+]
: 1 2 : 3 : n—1 ; n
Jl ~ 01 Iz) 0, |3) el 03 14) On—l(ln) Pt O,
F P X ! 0, X% : o O X Ch
o X
ey by ey
n+l n+2 211—]
K3 DUEFEER 2 K5) 750 |
Fig.3 First multi-body dynamics model of immersed tunnel
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Fig.4 Second multi-body dynamics model of immersed tunnel
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Fig.5 Mechanical analysis of a segmental rigid body
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Fig.6 Mechanical analysis of an elastic damping hinge
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Table 2 Parameters of the elastic damping hinge
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