540 5 1) R K E R ¥R Vol .40 No.1
2023 42 J Journal of East China Jiaotong University Feb. , 2023

X EHS:1005-0523(2023)01-0001-09

ETEHRBEIRINABREFITESEES

ok A Bl BKR R E

(EAR B R L AREF B, 7L # 5 330013)

WE. L TEIAMAEFERLZOHS,ARRINEMEAKRER TR IR PR LGER A—BERIXKR A>T E A
TEHABG R EL, - F AT ENBORD MBS T, KN A %HENBES MATLAB £ 53+ F & 45 A7 ik E 2L B FRAR
A 18026311 64 Anik &3 5 ARAL PN 7 ik 3F 8] AR R AAFERBTFN , 0N EHER 25 E £F HERFIR, Eik
FRENEHELFERGYh, EREAV . RANEBER IAFIFTEFERKRTRERIIE SHEFATHAR
W HE B A Je L AFIE ML S HE R H G T A AT AT )RR IE B AR RS B AL R AT MR AT R E A A TR B
158 | 3b 5 RBE AT EN R L BEAF R B AT E N £ £ 45 L AT E W T 8 B 0L BARA R LA @ 84 0L 6 BAL i ik
W RBEWEE  Fi R LAFEMME T MR S £ MITIE T R LATERA — WY a2 i, h 3G kL4
Pk, T R KR 94T Bk & 4 R IR i 456,

KB AT FATE M £ A5 S ; Newmark—B ik ; hmik JE ¥ 5 AR 4E

FESHES.U4433 XEARE A

AXSIABNK R E, B AR, F. EATERBERD O AR RERATEAER M. 4 & il X5 F4R,2023,40
(1):1-9.

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 1SO2631-1 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
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Fig.1 Schematic diagram of vehicle model
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Tab.1 The correspondence between accelerated RMS
value and human’s subjective feeling

Ay (m/8?) Objective sense
<0.315 Comfortable
0.315 ~ 0.63 A little uncomfortable
05~ 1.0 Uncomfortable
0.8 ~ 1.6 Quite uncomfortable
125~ 25 Very uncomfortable
>2.0 Extremely uncomfortable
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Fig.3 Yaohu bridge model
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Tab.2 Bridges in the first 10 order frequencies and modal

characteristics
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 33.513 Twist + vertical bending

10 39.045 Vertical bending
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Fig.4 Influence of different vehicle types on peak
acceleration
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Tab.3 Seat RMS acceleration and comfort of different
models
Models @,/ (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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Fig.5 Influence of riding position on RMS acceleration
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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

Bridge ) o mro ut2o ut3o
deck level (i) Objective sense 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 0203 0.118 0.220
C 0.338 A little uncomfortable 0.015 0323 0353 0308 0368 0294 0.382
D 0.675 Uncomfortable 0.016 0.659 0.691 0.643 0707 0.628 0.723
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Fig.7 Influence of vehicle speed on seat RMS acceleration
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