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Fig. 2 Cross correlation function of front.middle and rear wheels
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(c) Standard deviation of pitch and roll displacement response
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Fig. 8 Vibration displacement response of vehicle body

1600
£ L
E 1200
BN
a 800
l‘ﬁ
£ AHEF
# 400 T
0 1 1 1 ]

0 5 10 15 20 25 30 35
FRATHAE /m
() "I IE BN R bR 22

(a) Standard deviation of vertical acceleration response

L 42001 s oo N
2 3s00f TN '

ﬁ 2800 : _____ FHT AR W
220000 T (B A ()
& 1400f

8 700t P S
= 0 l I | |

0 5I 10 1l5 2I0 25 30 35
ZERTYALE /m
(b) ARFAP FAFBIEE Ff T B R e 2
(b) Pitch and roll acceleration response standard deviation
B9 AR AR i e o

Fig. 9 Vibration acceleration response of vehicle body



398

% 38%

S AN B S T e A R R SR
THE MG 22 G0 ) IR 3 57 # 1 J57 X6F A 40 45 5 AR - B
TET 40l B4 0 o S8 e 7 A A i) A AR 3 s
P br vl 22 2 Bl 2 RO A7 BT /)N T2 22 1 8 o i
AR B0 AR 22 A T2 . I TR T A A
5 IR Bl I A7 0 55 B A A S BT TR A P IRl
A
4.2.2 REARTF 24

B 2 A5 e R AT T R RO R T R BB S
MO 2 WA FFE L bR T A S0 HrsR A A SCHRL 14
FH - BRI A7 SCRR 16 TR KA P4 B8 B A A ik
I 0 PR AR T e KSR TR R SCRRL 17 109 A pR AL
BT, SR A [A) BR) AR - e RORE TR AR ol 22 78 5 A9 T
PRl T AT R 10 R i v e i D 0 00 105 £ 9IR 3 o
JOL A U 25 B R WA AN 10 s . W LA Y, = A
1 R ERCRE TR F A7 3% I 2l e A R W AR 25 8 K SCHR
[ 16 Ji 22 AR /N SCHR 14, 17 185 R B0 #2351
D000 85T £ A 3l e R XS A [ B AR A R RO AR

JB%, SCHR[ 16 )40 T pR 0B AU 52 ) fp K, SCHR[ 17 JAH
T PR B B 2 i B /)N
4.2.3 RREMTFEA

MSCHRL 14 TR BT 5T 45 SR T 0, £ 2 A A R Tl R
AN IR e AH T BRI R 2 B o B4 IR R /)N L EE,

a ',C\

0321
sy

. :'h-:.,
E 024r J et \
= #
i R
% 0.16f /_.' —--— 3k [14]
% 0.08 / ik [1e)
A s e SRR [17]
"‘l
0.00 5 10 15 20 25 30 35
FEATHALE /m
(a) BRI EIRB R
(a) Vertical vibration response of bridge

45
=
£ == 3k [14]
# 3or ik [16]
[ STk [17]
¥ 151 e
= it o

0.0 " T

0 5 10 15 20 25 30 35
FRGFTALE /m

(b)  ZEAAMEFFAR B 7
(b) Roll angle vibration respons of vehicle body
[ 10 ASTRIAR T bR RRORE 2 09 45 1 28 8 4 3l i 17
Fig. 10  Vibration response of vehicle bridge system with

different coherence function models

(\~

\

A LLA B A [R) AH T 5 5 09 AH T ek BT L A T 5
W& 250 0 W8GR /)N o ELAS 2352 We A7 180 A 1 I
W R D AR B 1L A T A A [ AR
T 5 RE R i G e e s ) 52 A% R 4 00 6T £ I 2 v
AR EZE RS2 R, AT LUA A 5 BE A R/ 42
28 GE 1 31k Bl 0 7 52 0 50K 4 A e A A T i
R A S ) i 20 W) SO A A L 4 A 0 16T £ i B
Wi )37 827N

A=A
=

036
N y M
g 027} S VL P
\E ’ ’.I "'v\_\ i
m _ ,’I.l' "'\.\,\
& 0.18F _,';_/‘
§ g e p=0.5
=009+ Ve p=1.0
~ U Y
B p=15
s
o
0.00 2 1 1 1 1 1 ]
0 5 10 15 20 25 30 35
ZERFTIAIE /m
(a) HFELE O HRB B
(a) Vertical vibration response of bridge
-
1.81
— TS N7
2 7/
£ 12F Kot
i IS .
@ USRI R L L
& ! T p=0.5
R 0.6 I"l\ .
N " p=1.0
y !.’ —-—. p=15
( ~. O 0 1 1 1 1 1 1 1
\ -0 5 10 15 20 25 30 35
FRATHALE /m

(b) ZEAROBTAIRB Y

(b) Roll angle vibration respons of vehicle body
11 S TRIAR T 58 04 42 1 2R 0 9 2l i 7

Fig. 11  Vibration response of vehicle bridge system with

different coherence strength

5 & it

R SCAE T A8 7 15 AR R AR BT T A 1 I
0 SR At o AR AR A 0 20 A 58 B T A T U P e iz
FHABE AT AR T 56 2 2R 345 52 A0 T AT 1 AN
ITRERL I . RO 53 ) 245 SR SR T ) T A A2 AR A T
A B A 5 % S AR T B TS S BTl A S 1 B
& T ARG B RAH A oK BB 25K 3 LA A T
TERGRE W o RSB TR AR 4% 5 A T A% 11 URD
BE R T ARG AIR Sl 17, LS DR T AR A 4 s ] RS
AV 73 41 S 0 IO (EL DG/ 0N 1 A 00 £ £ AR Sh e L . A
(7] AH 1 R KORE R 5 SR 4R 3l 52 WA /N L X A A IR Bl
SRR, LA AT 2R 8 00 i 2l W) 0708 AH iR R Y
55 AR AR



%3

WRAKE, % FAA AT AR E P S i F AR S IR 3

399

5 2% Lk (References) :

(1]

(2]

(3]

(4]

[5]

L6]

7]

(8]

L9]

M B, RGPS AL @ A R A 0
BEF AT Ak T A2 5 B 3546, 2017 (2): 40-41.
(CHEN Meng, LONG Hai-yang, JU Li-ying, et al.
Stochastic road roughness modeling and simulation in
time domain[]]. Mechanical Engineering & Automa-
tion,2017(2) :40-41. (in Chinese))

Ahmari S, Yang M J, Zhong H. Dynamic interaction
between vehicle and bridge deck subjected to support
settlement[ J]. Engineering Structures,2015,84:172-
183.

Liu B,Wang Y Z,Hu P,et al. Impact coefficient and
reliability of mid-span continuous beam bridge under
action of extra heavy vehicle with low speed []].
Jouwrnal of Central South University, 2015,22(4) .
1510-1520.

Zhong H, Yang M J. Dynamic effect of foundation
settlement on bridge-vehicle interaction [ J]. Engi-
neering Structures,2017,135:149-160.

Ma L,Zhang W,Han W S,et al. Determining the dy-
namic amplification factor of multi-span continuous
box girder bridges in highways using vehicle-bridge
interaction analyses [ J ]. Engineering Structures,
2019,181:47-59.

Analysis{ M. London: Longman, 1985. £ \
REMK, 7 7i& . GEE, F ATR LY R B R F
F gk B R AR g k[T, 5%:*;17?;),20 8,30(1):
44-47. (ZHANG Guo-sheng, FAI\}G ong-de, CHEN
Shan-zhi, et al. White noise si ths or road rough-
ness based on power funcm%A omotive Engi-
neermg,zoos,so<1~% 29, (1{ Chinese))
KA AR RS AR A B % B R U R AR
By aam[J] & %45 A F IR, 2004,16(6):1147-
1149, 1154. (ZHANG Yong-lin, ZHONG Yi-fang.
Investigation into the time domain model and numeri-
cal simulation of bilateral track excitation from road
irregularities [ J ]. Jowrnal of System Simulation,
2004,16(6) :1147-1149,1154. (in Chinese))

FhE L RARLD, BRI, WAt AR T AR R HUIH R 94 B
ey R [J]. A £ T 42,2013, 35(10): 868-872.
(SUN Tao, XU Gui-hong, CHAI Ling-jiang. A study

on the road model with four-wheel non-stationary

[10]

[11]

(12]

random excitations [ J ]. Automotive Engineering,
2013,35(10) :868-872. (in Chinese))

LB, E KRR OE L F WAL @S T 6
Bl R AT A F R AR S 42,2018,
18(27) . 71-78. (SHI Xiao-hui, JIANG Xin, ZHAO
Jun,et al. Seven degrees of freedom vehicle response
characteristic under four wheel random pavement ex-
citation[ J ]. Science Technology and Engineering,
2018,18(27) :71-78. (in Chinese))

I B PRERRIUE. B S AR 5 @ R P R A R A
Ay BB )] &35k &,2013,32(5):70-74.
(WANG Ya, CHEN Si-zhong, ZHENG Kai-feng.
Simulation research on time domaiag model of road
roughness with time-space corre],(tl' [Jj Jowrnal of

Vibration and Shock, 2013, 32\&5 ¢70-74. (in Chi-
‘ aC

nese)) V

1 E K %a@&@ﬁ\%)ﬂ%ﬂem&@ R+

JE 0y ﬁiﬁﬁiﬂﬁ_ﬁ“@ A FEILXFFR,2013,33
(3 :2577259,/@. (REN Hong bin, CHEN Si-zhong,
wu Zhi: e ,e'/al. Time domain excitation model of
random@yl pyofile for left and right wheels[]].

913.33(3) :257-259,306. (in Chinese))

%sajtionx of Beijing Institute of Technologys
A

&
«

4™
Newland D E. Random Vibrations and S;Dectz{z‘t\

[14]

[15]

[16]

[17]

Priestley M B. Power spectral analysis of non-station-
ary random processes[ J]. Jowrnal of Sound and Vi-
bration,1967,6(1) :86-97.

Bogsjo K. Coherence of road roughness in left and
right wheel-path[ J]. Vehicle System Dynamics,2008,
46(s1):599-609.

ABKR HEAKE, T KA TRE— SR F 4SS
P AEMALIES 5 AT 3k3h K 5 4 B, 2018, 38
(5):908-915, 1077. (GUI Shui-rong, CHEN Shui-
sheng. WAN Shui. Analysis of consistent stimulus of
road roughness on vehicle-bridge coupling nonsta-
tionary random vibrations[ ]J]. Journal of Vibration,
Measurement & Diagnosis, 2018, 38 (5): 908-915,
1077. (in Chinese))

R HT, B E . %@ AT v A E N R B R AR
[J]. &A% 42,1999,21(2):112-117. (ZHAO Heng,
LU Shifu. A vehicle’s time domain model with road
input on four wheels[J]. Automotive Engineering .
1999,21(2):112-117. (in Chinese))

Ammon D. Problems in road surface modeling[J]. Ve-

hicle System Dynamicss1991,20(s1) :28-41.



100 it Z 4 ¥ ¥ # %38%

Vehicle-bridge coupling vibration excited by vehicle wheels

with coherent deck irregularity

CHEN Shui-sheng', ZHAO Hui*', LI Jin-hua', XIA Yu-huan®
(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China;
2. Hubei Hengda Construction Engineering Co.,Ltd., Wuxue 435400, China)

Abstract: According to the cross power spectral density and coherence function of the left and right
wheels of a vehicle, the coherence relationship of the corresponding phase angle in the characteristics of
the left and right wheel deck irregularity was derived. This paper presented a method of coherent
generation of all wheels correlation bridge deck irregularity excitation by phase angle coherence for all
wheels,and the reliability of the method was verified by numerical examples. The results in engineering
applications show that the vibration responses of the bridge,the vehicles vertical and vehicle pitch angle
responses are increased, but the vibration response of the vehicle’s roll angle is redﬁ&d; Different
coherence function models have little influence on the vibration response of the bridge‘sz have a great
influence on the vehicle vibration response; For the same coherence function gfiodels the vibration
response of the bridge increases with the increase of the coherence strength, but thé vehicle vibration
response decreases with the increase of the coherence strength;In order to s/t/ y\t ginﬂuence of random

excitation on the vibration response of the vehicle-bridge coupled systemf‘i(is;iecessary to consider the

<)
;jce; coherence function; vehicle-

Key words: deck irregularity; all wheels correlation; phase angle ;f};
bridge coupling; Monte Carlo method J
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coherent relationship of vehicle wheels. P
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