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Research on Simulation Method of Dynamic Response Analysis

for Suspension Bridges Subjected to Hanger—breakage Events

QIU Wenliang, WU Guangrun’
(School of Civil Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In order to accurately simulate the dynamic process of the cable rupture event, based on the alternate
load path (ALP) method, the numerical simulation methods for dynamic analysis of suspension bridges subjected to
hanger—breakage event are studied. Taking a prototype self—anchored suspension bridge as the background, the basic
principles and characteristics of three methods (e.g., the instantaneous stiffness degradation method, the instantaneous
loading method and the equivalent unloading method) are illustrated. In addition, the influencing factors on structural
dynamic effect of the collapse responses are quantitatively analyzed. The results indicate that the instantaneous stiff—
ness degradation method is simple and effective to simulate the dynamic process of the hanger—breakage event. The
hanger loss induced dynamic responses are closely associated with the influencing factors, such as the broken hanger
elements in the finite element model, the duration and time—dependent tension loss function of the breakage process,
and hanger loss scenarios.

Key words:suspension bridge;cable rupture;dynamic analysis;numerical simulation;alternate load path

method ; influencing factors

% Wi BEEI:2020-09-19
EEWA : FR ARRARAE Y B H (51778108) , National Natural Science Foundation of China(51778108)
VEB BN RS (1971—) 55, AR, K3 T RS04, -
+ BIEH R A, E-mail : wuguangrun@outlook.com



5114

BRSCEE4E R BT (i BRI R Bl 1 W S0 M AT BROCAS DU 0t 7 23

PI RSB R AT (RHINE SR
A ) b L R E R, A T e M RE
IR AR BB X 235 4 2 4 R0 T 0 FH ™ AR B RS
P, MREEBOHARIRTE, AR ER
B AR DR AR IR IBITR] , 7 113 3 B 3 E
TTYEAE A 2202 ST, i 2 VE R o
KA T AR (0 I L AN B 5140, 2011 4 10 A
E[J B JE P4 V. Kutai Kartanegara % 2 — R 1 & Wi
1k RECWTRL, I 5 A R AR I 2. FROR A4
I CAIETER R A T4E IR TR, HEAL 11 ABET.
30 2 NJKER. 2019 4 10 J, B I H 22 B Jr AR
— MR, TGRS FIARAR i R %2
WTEL, fo ) IR i B, B R E AR L L AR R
WL TR AE A 1 PN ) TR A B 3 T, ]I
A 2 B B . A B AT T AR S O AT
SR IRDBCPERERYSEN , 15 JE s ZER W R ol )i Feitt
TTHERAEL.

A BT EE XS A e W 2R A 20 48 S PR
N3 E 5 KL TN, S 23 (Post-Tensioning Insti-
tute, PTI) 5 Y PR KT 28 70 A1 5 i« — P 2 48l g 4y
W7 Z I ER R 0 M5k n B 14> 2.0 By5)
HBORZEL 3 —Fhigsh Ji o3 i EINE AR
BRI, AERASN 153 b i G A [ AL £ R0 A e R AR
[ SR RECNE L, 3150 a i A F
R )07 R S B SR Y, SR PRSP o0 422 Sl
AT ER Y 7 HEAT 1 i AT R 2 R 5l
S3AT. MIRIREEXT LG T 8 S oA kRSl 1 4y
M5 2 B AR B RT3 sl 1 R ik
ORI SR CHERF I ZE5 AT ZUR [A) , 7E
Wk 5l 3 43 Bt vb 3 B AR sh A 2R bt AR T4 R 3
AR, W R S R W 4 SR B S S AL AL
B AR A, RB MR b e R R
BAUL 7 N5 e 45 4 2l 7 1) PR 3R A R —

SETYRBRAG IR AR SCHER 1 BRI W R IR AR |
RN 10 21 LA S S50 3, 3 FhBLAL i 3R 2 5l
P FRA A I DASE B i CTR BE a8 R o LA
i, R BT AT ABAQUS By T AR BT, X}
BEMWIR ) 153 M ik A K R R IR

1 BERGERH NN E

PRERAG PRE SRR A ety Bf ik Aeik, )z
IO FH T SUES MG P R IR SR8 A 2, %7

A IEMIFREIR RN, FOCTEMI I UG T A 4
PRI 13 . W% S UK 2% I 45 A4 B e i g pl LA 28 28 I
FUHRBISE, JETIRBRM A BRI R A BRoT
15T LR NI EE IR AR . BER In 2k fnassk
1.1 NIERLE

BRIFEZ AMEIRRLH, HILAS)2EF
e N

M-X+Ct) X+K1)-X=P() (1)
A M R R R X RS MAL RE L RE: ;C (1)
RLEF P e R , 40 eh R LR M B A RS s K (1)
ZERE) L B A I AR S R B K () 2 AE s P(1)
TTELE M b A 2AE R . G 1 B, B2 A
Frif e 22 8 1 358 42 R KR 1 r 28 17 B s ] 52 SC

IR ST ] Ar.
K(1)
\\///

{ ‘
'\ K+ A) (BTERJR)
| \//
C\AS

S

6 At st ]

B 1 A AR R AR I R AT 1) 2 AL
Fig.1 Change of structural stiffness during

the cable rupture process

A RT3 iR s KR IR AR 2R 1 T i
RIS P A X — PR BB R & i —
Tl 2 AR SR A% s R W . e R I Ay X X B el
ARG SR BE AR R, (TS i 2R 1 PN 7 B 8 A
JIREIN TR ZERE b SR 5 S5 H 7 A 50 77
1.2 FBRETNEEEEE L

SR B AR AR TE BT R W S R AL AN ]
WU GG By 3 2 A R P far 28 P T A AL DR
R b AR @ s i ORI T B R W R 5
J153 A AP 5 =00 — AR W R AR DR B AE 2
) B 80k, il 2(a) iR ; B — AR BB
ZLMR MR BB, nlE 2(b) Fk.

KHRZ I A R R, e R AL
R T i it o — %o B S (8] A5 A6 B2 T, 2R F (), Gn
Bl 3(a) s, TR R AR B AE AR v
P 2blE F(ORISR M, B 24505 2
ARAS U R RPLISET Rt o . R R A 22



24 R R A4 (A AR BE R

2021 4F

A AU R TR, BT BB BRI R, [
FEIE3 1y 28 Pt i — 3-S5 R38N 0 R/ IMHAE DT [ A
KBR300 F(), W 3(b) Pz, SR45 iR st
TE I FRRE B ()18 0.

T~ 10
‘ /%“”Hﬁﬁ
YR
(a) ZEInfar s

—~

T R BBRERRR
Sl
w [

L

(1)
(b) St B
B2 R kA S AT R ok

Fig.2 Demonstration of the instantaneously loading

method and unloading equivalent force method
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Fig.6 Geometry of a typical self-anchored suspension bridge
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Fig.8 Hanger—loss scenarios
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