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Analysis on Driving Comfort of Highway Beam Bridge Based on
Vehicle-Bridge Coupling Vibration

Chen Shuisheng, Ge Shiqi, Gui Shuirong, Zhao Hui

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: In view of the characteristics of the poor driving comfort for beam bridges, to explore the passing vehi-
cle ride comfort in the process of driving on the highway bridge, a vehicle—bridge coupling vibration differential
equation was established with a beam bridge as the analysis object, based on the theory of vehicle bridge cou-
pling vibration. The seat acceleration of the vehicle was calculated by using the self—programmed vehicle bridge
coupling MATLAB program, and the ride comfort of the driver and passenger was evaluated by the international
standard ISO2631-1 root mean square acceleration value evaluation method. The influences of vehicle type, seat
position, vehicle weight, bridge surface roughness, speed and other factors on the ride comfort of the vehicle were
analyzed. The results show that the driving comfort of cars is better than that of trucks and buses for different
vehicle types. For a two—axle bus with multiple rows of seats, the ride comfort of the front seat is better than that
of the back seat in different riding positions, and the farther the seat is from the vehicle centroid, the more com-

fortable the ride is. If different passengers are in the same row, the comfort of standing passengers is worse than
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that of seat passengers. Vehicle ride comfort is very sensitive to bridge deck road condition, and it decreases

rapidly with the deterioration of bridge deck road condition. For different vehicle weight, vehicle ride comfort in-

creases with the increase of vehicle weight. Vehicle speed has a certain influence on ride comfort with less ef-

fect. It is suggested that beam bridge vehicle speed limit measures be taken in order to improve the ride comfort.

Key words: driving comfort; vehicle—-bridge coupling; Newmark—8 algorithm; root mean square value of acceler-

ation

Citation format:CHEN S S,GE S Q,GUI S R, et al. Analysis on driving comfort of highway beam bridge based
on vehicle-bridge coupling vibration|J]. Journal of East China Jiaotong University,2023,40(1) :1-9.

AR, Bl 5 A7 2 A0 3 1 H OB R, a4 4
AL S H ARG R A iy ok i &g 2% e 2
PR R 52 R, w36 N B 1) 36 Ak T 38 1 52 3]
ANTERRFE 0520 2% 8 DL A M R I s B S BE Al
1) - 4 7 Ak 67 18 VEATF ST ARG L B2 | BE R 5 2 AT
4 TR AL = AR BP9 LR

S BTN I R 1 e Al 7 3 M AT Y, B
5T ARA A W B, 5 R R ] ANSYS
AR 550 m tE &K TT RS, 284 D
Alembert JFERHEST 9 [ & =4l 25 [B] 38 4 A | 4y
Brtfe B AE 2 4238 ik i 25 BN 42 5 28 N iy 3l
FIWR R 54T A A M 5 R DRME SR, B AR BV I AR
KBS XS G RZ A 0 H B AR B AT e AT, ST
JE R 5 RS R T AH B AR T 2R A BT b
TER S 8 F T 1 bl RS 1T 426738 1% s IR
IR S o A 0 10 T 3 M )RR F S B far 2K S
PRI ST G A 0 R Y S OC R A
BT I A 3 U B s 7 3ok I 000 2 08 e R ok
BB WL R B B R A 5 4, O R
R M AT 42 87 38 M DF A0 A E TEA T S50 43 A 4
9572 35 53 A e A B R SR SR AN TR) 2 2 9 R 3l
A R, 254 1 PR F AR v 1S02631-1 PR 42
P ED RN B N LIS AZ | 4 R B R AT 4
Iesh&F 1 MEVE M b v, IEXHIZ AR 6738 M AT P
W0 K AEPIHE R R 58 5 WPk B B i Rl L EE T
W=V IR R RG2S RS IR 3l ) 2 A
RN I TP (B R N IR (S i
PIAT M T 5 0 R M O TR 5, R A [ bR bR
15026311 XJ A [FI 10 AN 0T 1) 22 3047 42 7 3k vk
PEATPEMY

CIRD o I o= DR TS g5 S o T SR €2

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

TEATTI AL D #5407 3 0 T T R 5 B 22 1 T
A EF I PEFEAT B ST, %k R 2 A 3T Al A 1 I AR A
A>3 Q) BRAT AR JEAT 4267 38 B Hh BT SR 1) 2 A 5
RIZ R 7 B MR BRSOV AT AT T T OG0
() i AR A AP B0 (R R 2 T e A R
FBHJE X T 6738 Pk 2 mm PRt B 2 A BE R
AN, AR B R A AP (52 AR 4 D
Alembert JRBLFEANHE S T AR - iR ah i 72
iz ANSYS #F 7 20 m 24 W0 755 2245 19 A FR T
FEAY SR F Newmark—B R 43 i 3K ik 13 A5 Jon
B PE A SR N B Afe Ak BT M OF 45 R S AT
EPIE ML

1 EFBERIESR

11 FHiEE

N T WEFEA () A2 B R AT A2 30 1 3 il ) 52 00
LR (PRI 5% 22 | Wl 2 22 22 0 = Jh 2 4= g i
FER G TEANE T T 2 T8 A R BH e 1Y 4 R
BT R AN R A=A Y ) ] B AN 18] 1 i R,

B 1 AES & LT 20 B4R E AL,
m; 60 AN AN 5 3 £ B vad s A 2 5 0 i 5% B
FEE rad s I, AN S S5 kg -m?s 1, R M55 5
B kg m’;z,,2, ARG HE ELALES  m;z, 20,00,
26 NN IGIE AL ,mzo, 20, - 20 N HEHA
S A A% N mymy, AR Gmy, ma N
AR keyms,my N HNAS G T & kg;ms,me N
JEREE G B kg sk ka, o ke N LTRSS
kKN/mjcy,ca, +,ce N ETRPHE R 50, kKN/m; ky ko,
o ke R ER RN KN/msey,co, 06 N B ED
BH JE 2 %0, kN/mym, o JE AR B i kg sk 4 R AR R AR
5 W B kN/mse o P N P B JE & 8, kN/m; L,

http://www.cnki.net



51 WRARZE 45 B A2 R 5 IR 3l B 2 B B AR AT 2 T 38 1 20 A

Z, 20 Z, z 20 Z,
I 0 L
m, 1w m, m, o m
k¢ ™Mwm k¢ Eooe™v ¢
23 ks cg3 ky Ciaz oz ko Cao kg ca g
ms m; m, my
203 ka c3 kﬂ Cy Zoi 2o klZ Cp kll Cy
Zo1
L d
L, L, B, B,
(a) Car
20
2, 2,0 20 Za
my, [hp 7] mg myg © myg
k¢ k¢ mw k¢
23 kg ¢ L¥ caz z ko G2 kg Gl 2
ms m, my m,
zg ka cs ky iz zo e Ce by Cu -
L d
L, L, B, B,
(b) Two-axle truck
2 4
L, 1 0
0 2y N
Za10 20 246 245 Zo  Zal Pz
m, mg m, my, M, m, m Mg o m,
k ck ¢ k ¢k ¢ E ck ¢ k¢ k ¢
z3 k&? (8] k~1 Caz, 2z k<2 Co ksl Csl 2
ms m ms m,
203 k[s 3 /ﬂ.] ctlzOl 2, klz Cp k[l Cy
201
Lo, Lo d
L, L, B, B,
(¢) Two—axle bus
20
6 20
Ihp my
My,
k¢
Css C3 Cql
zs ks : ¥ 2 kg z mka Ca kg Ca
ka !
ms ms m my m,
ks ¢
> 3 k k Cp k Cy
zos k Z03 il Zo1 2 P2 ¢ i
5 . o1 2o Zo1
d
L L
L, L, B, B,

(d) Three—axle truck
E1 FHEZEE

Fig.1 Schematic diagram of vehicle model

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



16

4 e R

b

i

Jo

R 2023 4

Shy A 8 2 A 0 B S s Ly M T B A O B
B my Ly PR B A O RE RS m Ly A AR
HE VA B A5 O N R ES  m Lo, A 38 4 i B
HEBERT (6] FE s L O BT HIF e Ay 380 24240 Jo 0 9 1) R
B3, m; By A HT R A5 IR B m B, A AR R A2
M 16 8 BE myd kg JA e 80 2040 S50 8 T B S m
R4 D’ Alembert Ji B 3 37 AN 7] 2 Y 42 40 1) 4ig
B 5 AR T AW Bl N A ) S 11 A B
i) 4= 5 9 3h 7 A
MZ+CZ+KZ=F" (1)
Kb M, C K, 730 R sh R Bt | FHJE
FVABE R P O A R shAE R 9 & A b B2
RS 0] B 5 Z 0 AR 2% H il S )&, Hoh Z=
[Zl 2y 23 24 20 0 @ z, 2, z. Zd]To
1.2 HEER
HRAE ) AR A B /A J7 vk ST A A AR 3
M,s+Cys+K,s=—F "-F, (2)
KM, C, K, 730 I RIS R i | FHLJE
A SRR R s F ) o ik sl f vy, 26 58 04 4
FH R 15 A Ay 8 1w 5 F, A 4 R ) e 2 R Y 4%
AR AL ) g 5 s BTSSR g,
T A SO B 78 Rayleigh BHJE | A5 2% 25 [) ML

r GRS R IR B O R AT s=_z ey =Py , R
BEREE I RIR S 7 R (2) AT 1

Iy+Xy+Qy=—®"(F,"+F,) (3)
K1, X,Q 50 A AR 7 R ar, T R
1
JE AT SCNIBE AR B 3R GA X . 1=

nxn

2{\w,

X: ’!2:

2 Z/ 2
W nxn w, nxn

Kbz, RS n BYRILJE H, AR SO0 5 TR %+
SRR JE AR M R AL BRJE L BRJE L £, R
INEE N 2% 0, IR n By ARIR ;@ AR
n B PRAY ) S KRG sy SRR AR BRI ] g
1.3 HEAFEIR

Bl AP 5 E-Fr i A R gy £ %
Pl 22— AT 3 Shy 18 i) AN S R 1) AS P, A AT
F¥ 3 BI04 0 R T 20 km/h B B 0]

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

AR T AN P IO 22 AR sh 2 ma B/, IR SR
2 8 AT 10N STl R T A A SF AT
WA e W R ML A, S B A DAL o 2]
Framd  H D) A5 45 B pR 2L G, (f) PT LA R A

cm:zwcq(n@n&j’j—z (4)

3G (o) W AR IR R, FCAEA /N SR 45 %
55 sno WBH 2SI n=0.1 m; £ IR,

AR TR 5 0 (A 56 R T LA A ) 45—/
B i 16 950 % BT 0 L 09 R T B AL, B A=
[Go(fuac) A 112 20 m AN/ 1] 89 A, 2 o 0 7T 75
SR 1A SN I B A g (1)

q(1)= 2 V2 A, sin(2mf,q.i+6;) (5)

K S R — /N B ) 50055 0 R A5 0, ¥ 50
5 AE[0, 2] BEHLAE i,
14 ENHEEIRNIEE

5 A %8 i VB T 45 26 322 ok HLAS Jd g 12 2
P T AS Y- DL () 5 M) 3 2o %8 16 -5 0 T 4 i Ak 1) 4
FIA S5 A N B R A5, ST ERRR S T AR
R A S T A AL B9 A B
Al RN A

F" =k, (-N®y—grtz.)+

ci(~oN, Py-NDy-q+z,)+F,
W= (6)IRAZ(3) AT 75

(6)

nl nl
Iy+(X-@" Y N'e,ND)y+(2-D" Y N (kND+
i =1 i=1
nl nl
C"'UNL',Xd;) )y+¢T Z NiTC[,‘Zi+¢T Z Ni kdz;
=1 i =1

nl nl
=—@" Y Ni(kgcq)-D" Y, NI'F, (7)
i =1 i =1

WAL ()R (7)), AT A A G PR 3 O 7

M, 1i+C,u+K,u=F +F, (8)
KM, C, K, 5353 0 EA R G R 8h RGBT |
RELJE 0 M B2 6 I s SR T SCARBR B ) & 5 N, 8 4240
550 AR 5 U TR BLAE T SR Y AL R 37 4 A e
BN, R N R AT B 5 10 1) 80l N R R
F, 2240 B TR T 51 6 0 45 42 50 12 fil 1 4 7 oy 288 )
ity F, A I TS 0T BE ML SORh AV T 42 % Rk T 42
fih s A P 15 A AT 20 )

http://www.cnki.net



514

MoK Az 55 L T AR 5 IR 3 B9 2 B SRR AT 42 8 3E TR 20 A 5

2 ITEHFEHIFMNIER

M B AR AT B, A PR B 38 G e R
XoJ 25 g 5% e 2% 18 A [ R B S e, 3 3R E] 3 N R
PR PR T R RN S A L I
PeYERe ) MR, BT AT SIS IR R
F N R 3 i 8RG8 , PR I i 0] L4y LA
TR,
2.1 EWIEME

71 32 AR P e & Afe Al i B b ) 2 W Rk A7

ST R A 1 VTG e 2P U <l B Ll W E R SN i

VP22 TR U X 2 3 Al &7 305 1 25 Hh o TR TTAR TS,
22 EMIEME

FEEALLE 4 P& O ik B 35 77 11
R 09 AN ] 01 5T 1 s ey o i B 34 AR iR A T
WA INAY 5 J 75 30—~ S 4 o 3k B 38 T AR AELAE Ry
TEMFEHR ;@ K REGE, 840 % 5 Hz LI 1)
PR, BB R IR s R, e AR, B ),
W Ty S5 kel o N AR R ey A 1) 4 4R 20 BE AN,

— AR TR A A — TR R T

FIARE WA G5 — A B 09 &7 8 1 S BR, 77 76 Bk
B s @ RRTR A IR, 2 08 T NRYR s 12 /\6}
O HETE RN A R H S A 4,
T — 2 R PR
23 AXHTRABWEEEITENFE

LA R LR TR E S AR
A S Ay 17 A S 2 R B 1 O ARAE DE A
o HRBA N

T

=\ ] a2(D)dt 9)

P s, WIS T ARE T IR 5 5 i F5 22
I [ 5 a, (¢) o 28 2o 4 3 3+ AL S N 5 0 9% 30 15 5
W,
K
mr,
1) X A ey fin i 32 E
T EE ) AR 2 R A
2) RS [E] ST (0 RS 14 7 AR R A 0
INASL, JT R T 4 ¢ 1) A 2l 40 3 AL o B0
0.5(% 0 Hz<f<4 Hz
wi(fH=1 1 4 Hz<f<8 Hz (10)
8/f 8 Hz<f<?20 Hz

JE 3907 ARAELITAN 5 9 £ 20 P 3R

Ayl B 22 e (FFT), 45 5]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

> [wi(Ha, (i) ? (11)

i =1

e, AR INAL R EL 0, () AR AR
A 5 AR

3) A [ BrbR v 19026311 % 3fe Ak & 13 7 Y
PEM AR E 4 BRI 3 15 ¥ 07 AR A 5 D o0 i aie
HEATXE LG (R 1), 78 U450 - NAREF 3@ VTN

1 MEEHFRES AMEWNREEEXR

Tab.l The correspondence between accelerated RMS
value and human's subjective feeling

Apd (m/57) Objective sense
<0.315 Comfortable
0.315 ~ 0.63 A little uncomfortable
05~1.0 Uncomfortable
0.8 ~ 1.6 Quite uncomfortable
1.25~25 Very uncomfortable
>2.0 Extremely uncomfortable
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Fig.3 Yaohu bridge model
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Modal order JfHz Modal characteristics
1 4.656 1 Vertical bending
2 8.969 6 Twist + vertical bending
3 16.507 Twist + vertical bending
4 17.462 Anti—symmetric vertical bending
5 22.658 Twist + vertical bending
6 26.021 Twist + vertical bending
7 27.036 Twist + vertical bending
8 30.327 Anti-symmetric vertical bending
9 33513 Twist + vertical bending
10 39.045 Vertical bending
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Tab.3 Seat RMS acceleration and comfort of different
models

Model @/ (m/s?)  Objective feeling of human body
Car 0.189 Comfortable
Two-axle bus 0.261 Comfortable
Three—axle truck 0.309 Comfortable

Two-axle truck 0.338 A little uncomfortable
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Tab.4 The influence of bridge deck irregularity on the mean square root and standard deviation of seat acceleration and

the analysis of the Laeda method

Brid mro pux2o 3o
ridge ) .
u/ (m/s?) Objective sense o

deck level Min ~ Max  Min  Max  Min  Max
A 0.084 Comfortable 0.014 0.070  0.098 0.057 0.111  0.043 0.125
B 0.169 Comfortable 0.017 0.152  0.186 0.135 0.203 0.118 0.220
C 0.338 A little uncomfortable 0.015 0.323 0353  0.308 0.368 0.294 0.382
D 0.675 Uncomfortable 0.016 0.659 0.691 0.643 0.707 0.628 0.723
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