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Abstract; A simplified method for calculating the longitudinal movement and cumulative displacement of the
stiffening girder in long-span suspension bridges under random traffic flow is proposed. In this method, the
suspended stiffening girder system is equivalent to a single-degree-of-freedom (SDOF) vibration system. Based on
this SDOF system, the longitudinal vibration equations of the suspension bridge’ s stiffening girder under moving
loads and random traffic flow are derived. A rapid calculation method for the stiffening girder’ s longitudinal

vibration response under random traffic flow is proposed. Taking an example of a long-span suspension bridge and
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using existing traffic measurement data, random traffic flow samples are generated based on the Monte Carlo
method. These samples are then treated as random loads on the SDOF system. The SDOF vibration equation is
solved, and the results are compared with ANSYS dynamic analysis results. The findings reveal that under random
traffic flow, the stiffening girder undergoes longitudinal movement and accumulates a significant displacement. This
cumulative displacement consists of both static and dynamic components, with the latter contributing more
significantly. Compared to the finite element transient dynamic analysis, the displacement response results obtained
from the simplified SDOF system show minimal differences in extreme values and root mean square (RMS) values
(less than 5%) , although there is a slightly larger difference in cumulative displacement ( approximately 13% ~
19% ). This indicates that the simplified vibration model can capture the stiffening girder’ s longitudinal movement
characteristics under random traffic flow. The proposed simplified method greatly simplifies the analysis of the
stiffening girder’ s longitudinal movement under random traffic flow, enabling response evaluation and parameter
optimization in the preliminary design stage.
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Fig. 1  Structural diagram of a single-span suspension bridge
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Fig.2  Evolution of equivalent model for the girder longitudinal movement

RS RE D T E L S B P S YN I R BRRN F () Z ARG R . B2 PREhIA R
R LT Al e 3 P A0 8 SR 1) (32 R e RO 5 R 25 ORI 5 Rl s, 3 AR A 28R AN Sh 32 A5 L B8 T A
S BB A P AR IS Bt 2SOk m) 2 4% nl A FROTE SR AS , ol )l ARS8 S8 Il 2k ()

X T AR o iy AR Y 28 38— B A T A T I S SR 1 5 B8 AN, ISl SR 1] 29 AR
2RO LA SR &, U

F(t)= k. Pa(x)=k, Pa(ut) (1)
sk PR ARSI ] W JRE , ARy G o A BT 0 o) (57 M 75 5 it o %) 22 S 2 1) i 285 iy sl SR 4 1)



78 womE T OB 5 TR Ik 3 545 %

(LR 5] R, BB A% Bl i 28 VR R I Sh 2 i S9N i %
XF - SDOF #ERY Hah far 2 # (o) AR () T8, K R kg A0 £, (D) BOE
F(t)=ky,Pa(x)=Fk Pu(uvt) (2)
A ARRNIEE by, =mo® ,m AR A IS R YL & 0 o R RIARR | P NERERIIR s B gl far
BAEHIT SDOF 1A R 1IR3l 15 #2
mii+c  u+k u="F(t) (3)
A s JIMEN AR B RIS s m R IMEN B BRI 5 PR B R GESE AP JE AT I 1 Br B as Bl e

B0 I 82, W T AR v ey 2R AT A B R AT R OT AR B AR AT I 0y B2 A 1) 52 A% i 1z, T % T
SDOF 4R {R R AR ATA R ICEL MATLAB 27 4R 1507 8% M A(EL i , T FRAR B K Rk
1.2 FE#HLZERT SDOF &k & E N miRzh

e WL A, GG T IS B4 S R Sh I A ok R R A% | S AR 4 A% | S8 B 40 2 R0 R 2Rl e L
Jearimimii EE R . TR BT RGN LR BT B, iR B L — e DR Tl B AL A T 0 2 2R )
e b K TRk N 1) BRI RS TSR R o A0 1.1 TR AR AT A A sl 2, DO IRE AL 4 e 48] 1 16 Sk AL
RS ST 200, % T SDOF MR ZR 54 BT A T4, BT X SDOF 44 R A7 BENL 42 i VE 0 T B4R 3l 4347,
AL —FR AT SDOF 1R R BB HL A0 T BRI m IR i35 0 ik,

XFF SDOF 248 N W BENLZE AR F T A94R8l 208 , G HEAE T An ] e S s 194 B AL 4 O 4oy 28 55 280 B 1 |y
JERBEHLIEU I AR R ETIR 1.1 357181, 7E SDOF 1A R T AE T B R 5% 2l far 48 m] 45 R4 (37 7 521 bR
Hotar 2, WK BEATL A% B Hh iy B A58 TR JT 30 | (80 IR DA BEATL 201 ) £ 2805 81, AR Ui AL SDOF %
G HRAE R (2) B AT B AU AL A R AT 2R F (o) W03k (4) B

F() =ho X 2 Py (X)) (4)
AP PO A IES RS jﬂ’%]] B B ZE S [0 (SRS 52 ) R K, AR A AT BR TR 155
et MATLAB 30145 T EVBH LA 1850, X, 50 20 1 00000 0 6 AR 1 0 B A W6 A2 0= X, <1, I3 A
PRI S R FIWT 42 AR JHEMT 22 B (I 2 0<X, < <) , A :
X, = (ot ) XS (2 4v,1) (5)
S(x)=Sy(x) xS, (l=x) (6)
.S, 4 Heaviside BT ERPREL ; 2, 4 ) B LA WA R R, B Monte-Carlo FREA: B, I HCE] [m) 47 3
5 VW EANAAL T BRI K 0,00 j A AP, 2 1) EATRE GRSz A i
R (4) T () AVER(3) T F (o) BEPLERAEF T, SDOF (AR H94R S5 7 hy
mii+c_u+k u=F(t) (7)
[FRE 2 (7) P BA BRI F 5 MATLAB #2515 F] 5 (8 SR A5-4I% 30 5 B8 09 BB, 55 T SDOF R & 1)
BEAL A T B I Sh 229\ 1 IR sh i+ 550 B i R 1 DL 3,

[ ST SDOFIR R BEHL 4 T B ksl 7347 J
[

!
| TSN e PR || A B R IRANSYSA AU |
!
Monte-CarlofilFEAE %, RRUAREE. Eh R
BEHLZEEREA D s ALt
| I
v
i B I O R i%j%?SDOFW%EWEﬁDﬁ%‘
!

‘ RSTTREUERAE, TTATRENLEUE T ISR mE Sk ik ‘
B3 MEFERTERRNHRNEIRTESFiRE

Fig.3 Flow of calculating the longitudinal vibration of the stiffening girder of a suspension bridge under random traffic flow

2 TITEENMARSM

LA PGB R 0 TR 5t i 0 T 100 g 22 T P SR 2L BB 15 IR A R M 2 — A WU



554 1 B[ A5 BT S RN S B 1] 12 3 S5 3R A BRI 5T 79

MEInsh Ge s iis BR R, RG24 B B 2R 254, EASFLES A B0 242 m+1176 m+116 m, AWHTIMSR LK
1000.5 m, 5624 27 m, WRM 2 M ERHTPERAGE, EEELH 1:9.6; 1 ELEAH 69 X mER, B
B 3 Xk e, B SR AR TR E 1] SRE SR 2854 | 25T B+ 1 R R A il 62129 mi; A% R
B A T O Al R LA LR 4,

2 1176 16,
H—— [ 00,29 34x 14.5 34x145 2929513
A H 1] 0.80% [ —— %

| &

Qq > =2

~lg L

S U s EH
1000.5 2370073 Hifir:m

B4 BEAGHESEHE
Fig.4 Overall layout of the Aizhai Bridge

2.1 BHEHIERATEUREI LS

VUSRZER M M B, 73 500 5% T L3 Bl iy 3R Y | S5 0 1) i R R0 S 558 SDOF MY | AT iR 3 {5 H
T ISR S RS Sl 2R HT T 0 s G 1) 41 sl e AU RE TR A 45 BRI S mT Sk, TRTIR D 1 DA o e
XN )R LK SR AR R R 2, 25 B8 T AN B S AITRIRE 3 X S v e 1A 2 R B0, 28R40 v RS Bl i 2
P=462 kN,v=20 m/s, HAUHZHOLEK 1, Insh R (A2 50 e KOt 2 DLIEL 5., I8 B nsh R a7
SR PR B Z I A IE 5% pR KR, ELSCHIRL O 1 HE S R RS B r AR R Al SR B A RS AR AR T 52 1 52 pR B 1er 2l
A TESZ PRBC RS FoM R BNE A (151 5) o (EARERIE , PRSI e R T R LR 1T
Mo sl 281 15 P S B B U PRI P A AN = A N ) (%, S (S A% SN R K5 TE 52U RS 220

®1 BIFHERATENERTESH

Table 1  Calculation parameters of the equivalent model under moving loads
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Fig.5 Influence line of the longitudinal displacement of the stiffening girder of a single-span suspension bridge
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Fig.6 Longitudinal displacement time history of at the beam end under moving loads
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Table 2 Response statistics at the beam end under moving load
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Table 4 Vehicle weight statistics
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Fig.7 Distance probability density curves
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Fig.9 Equivalent random traffic flow load
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Table 6 Response statistics of longitudinal motion of stiffeners

fii#%/cm B/ (em/s) T E/ (em/s?)
VRS
ESTKiE I {E ¥R E I {E ¥ iRE Wi 7 iR AH

B ZE iy 111.06 5.41 2.92 0.64 0.13 1.83 0.11
SRR RS 598.63 7.80 3.07 4.37 0.69 5.75 0.67

faifk SDOF #5i 71 478.99 7.51 3.05 2.36 0.57 4.62 0.40

— A A 149.37 5.44 2.31 0.51 0.16 1.60 0.17
MRS 534.86 6.39 2.45 2.81 0.59 3.55 0.54

faifk SDOF #5i 71 462.05 6.71 2.42 1.79 0.52 2.30 0.36

AR [EES 334.13 8.39 2.48 1.16 0.36 2.85 0.39
RIS 1569.88 10.50 3.25 4.80 1.57 5.00 1.44

fiifk SDOF A1 1265.07 11.45 3.10 3.28 1.17 3.15 0.81




£ 4 3 B[ A LA T R R N2 N )12 3 A5k A A A B 5 83

6 f
& A 0.4
0 '\T]‘v X ARAA — s
i el A AR
600 659\ 700 0.3 £=0.1175Hz -~ fAfLSDOFAI
6 =i £ / B SttR
4 ﬁ ' | a o2fl
g 200 ued 1, : i I InE |
< ey ’l’ﬁd}\ f{ 'ih'ﬂ ) nﬂ r‘j = Jll .
0 i { e A T 2B LR
£ —2% A A o1k 'u'\ ’ / g
= B J:- - i l}
T [ etrmRnEE -~ migsnop 0 M ;
0 3 6 9 12 0 0.1 0.2 0.3 0.4 0.5
/(% 102 s) %/
(a) PR REHRZL (b)) ARSI £k

B 10 BEYLZETR T 0030224 5 0 7 M Sy
Fig. 10 Longitudinal displacement response of the stiffening girder under random traffic flow
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Table 7 Amplification factor of longitudinal displacement response

i b 2237 — B A HEAEH
THE T
EilH AN Yo iE HiHA MR YoriE FiHA MR YA
SRS 5.39 1.44 1.05 3.58 1.17 1.06 4.70 1.25 1.31
f#74k SDOF A7 431 1.39 1.04 3.09 1.23 1.05 3.79 1.36 1.25
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