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Analytical approach to coupled vibration of curved rationalized girder bridges and running vehicles
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Fig. 2 3-D Curved bridge FE model

Table 1 Cross-section properties of studied bridge
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ty 24 16 16
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f 50 25 25
Table 2 Properties of bridge members
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E [N/mm?] n w [kN/m?]
PC IRHR 2.857x10" 0.2 245
SHE A 2.000x10" 0.3 77.0
Table 3 Natural frequencies
R e fyv1 (HZ) fr1(Hz2) frihva (H2)
R=200m 2.0071 3.2107 1.5997
R=400m 2.0978 3.0649 1.4610
R=800m 2.1293 3.0083 1.4128
R=oom 2.1356 3.0035 1.4064

OCHEE H655
3. MROBARBER
3.1 BRI

W Z AR Lo AR ERE, RV
Wit~ FU 272 My BED Ky IV, w, ZHERET L
DOENRY bLEF i, kO E7s,

M,w, + K,w, =0
I - XSRS mi e A R DT,
zzT, w, =ey L, w, =-n%eMy
TG EBREO [ REEERICRAL, BT,

(K,J —nsz)yzo
5T, K, -n’M,[=07%% n &Roiud, | RO
FEE n BLOBEAEEHT—F y; 2RDDZENTE
%, ZZ T, QR IKIZHESWCEAMEENT 51T > T
%, QRIEOIMKIILITO L S TH D,

B RS R R O IERFMT AN L CHE B R FIE T,
1780 A ZEATITHIE L= A1T5IC /gL, FMEIEH#IC
EoTRDD, Thbb, 170 A 2a=% 175 Q0L
EEA175 RODREICHIR L, kkxk o< B,

Q(S) =R .Q(S)

ZOR, 1THINETHD & QRIEOHARIIZL A2V,
INERET D72 O ZEH A ALTHIS Hessenberg 178112
FHLUCHEMAT S 2 ENLU, BEEENTET 2 & IR
T 2, RS RV N O BTN LT
WLTW5,

3.2 EHEFTER

R R = oo, 800, 400, 200 m DEF /LT DONT
$AE 1k (V1) BXOMULY 1%k (T1) oF— K%
Fig. 3 IZR L, ZNENOEAIREIEOEZ Table 3 1T
AT, AU VEIMEEZFHMIT 537 A—%—L L THRALY
1 REA RS ZE DA 1 REAEESE ()T
M L7MECTH 5 EAIRE I fh 2 AV 5, Table 312
XV, ALY 1REBETDA LIROEFIREVE D ITEE
LTCWbZ Enbnd, —Mi72BIlmE % A4 2 8iE o
BE, COEARERIELII2EETHL NI LNT
W5, FHICH LTI OET /L TIE 1.4064~1.5997 EIfE
JEIZ72 o> TEY, AL YRIPENMENZ E MR TE 5,

4. BR-ETERERRBEXE

MG IRV T, EfTEMIC K 2KF - 22U Y RE#IC
HERT2HA, HEROBE LIV CHE M -
EITT DA, HlETT /K L THEIRBI O 2/ 57,
AT OIRE & BB R CTE DT ANNBE L 7
%o AWFETIX, Aim—ibtedm A AT 5 — AR K
AT NT w7 %, Figd Rt ko7 12 HHEEES
—XRIEEFR VAT AZET LT B, ET MEIZEEL
T, FEAELE T OREWT A 7SSO M O FE T 5 H
WMOZWTEMEEE L, ET - A4S ) %5
HT& LR ETLET S,

HEET /BT 2 ABEEDELRIT Table 4 12,
W OFEICIL Table 5 (2R T, &R L ETHM & DEAL
REFFERIT Eq. (1) 25 Eg. 1) TET,



TR0 EARFERAGEESE MSCIREE 65

A2 Al Right Left

Front
A

iyl ) At
NS

0

Kz 1L ﬁj i
A Chiz_
/xI

Kitic
Ciyth2

A Az ‘ A1

N A2 A2

(b) Front view

Left i
g ;}.’/‘ g
0 e
" %
Right

(c) Acrial view

Fig. 4 12-DOF vehicle model

Table 4 Degree-of-freedoms of the vehicle model

Definition Notation
Sway of the sprung mass (body) Vi
Bouncing of the sprung mass (body) Z
Rolling of the sprung mass (body) Oix
Pitching of the sprung mass (body) Oy
Yawing of the sprung mass (body) 0;,
Sway of the front unsprung mass Vit
Parallel hop of the front unsprung mass Zj
Axle tramp of the front unsprung mass G
Sway of the rear unsprung mass Yio
Parallel hop of the rear unsprung mass Zj
Axle tramp of the rear unsprung mass Oixo
Windup of the rear unsprung mass Gy

k,/ vl

Ciph

Kkt
Civikl

Table 5 Variants used for the vehicle properties

Definition Notation
Sprung mass including payload m;
Unsprung masses mj
Moment of inertia of sprung mass lixs ligs 1z
Moment of inertia of unsprung masses lixi, Lyt
Spring constants of suspensions Kiyims Kizim

Spring constants of tires Kiytkms Kiztk

Damping coefficients of suspensions Ciyims Cizim

Damping coefficients of tires Ciyikms Cizlkm

Distance between front and rear axles Aix
Distance between axles and body centroid Ajxi
1/2 distance of tandem axles Aixa)
1/2 distance between upper vertical springs Ayt
1/2 tread iy
Distance from body centroid to upper

horizontal springs i
Distance from suspension centroid to upper
horizontal springs Aiz2
Distance from suspension centroid to lower
horizontal springs Aiz3
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