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Abstract: To design an analytical vehicle model for studying vehicle-bridge coupled vibration,
based on the design vehicle loads in the Chinese bridge design code and a combination of a large
amount of survey data and their equivalent analysis, parameters such as geometric size, mass,
stiffness, and damping of the vehicle model were determined. These parameters were compared
with the parameters of vehicle models adopted worldwide. Subsequently, four simply supported
reinforced-concrete bridges were selected, and finite-element models were established. Based on
the numerical simulation of vehicle-bridge coupling vibration, the effects of vehicle parameters,

such as stiffness and damping, on the dynamic impact factors of the selected bridges were
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studied. The effects of the different vehicle models on the dynamic impact factor were also
compared. Finally, field tests were conducted on a real bridge in Hunan province, and several
trucks with different numbers of axles were used. The measured dynamic impact factors were
compared with the simulated impact factors obtained using the proposed vehicle model. The
results show that the dynamic impact factor decreases with increase in gross vehicle weight but
increases with increase in the overall stiffness of the vehicle. With the increase in overall
damping, the dynamic impact factor first decreases and then increases. In addition, the stiffness
or damping of a single axle has a small influence on the impact factor. The gross vehicle weight is
the main factor that is attributable for the difference in the impact factor induced by different
vehicle models. The simulation results are in good agreement with the test results, indicating the
rationality of the proposed vehicle model and its parameters. The proposed vehicle model can be
used for numerical simulation of the dynamic response of bridges subjected to design vehicle loads
and related research, as well as in the estimation of the dynamic loading effect on bridges
subjected to different types of vehicles with similar weight.
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Fig. 1 Elevation View of the Vehicle Loads
in the Chinese Code

T g gl gl 1
Me
I, L, sj[
I, I
_5:1:0 M, ;l
K.t9D, K529 D (i=3,5) K, %D, £8(j=79)
m, m s n, my
K.39D, K,30 Db (i=3,5) K,35D, $8(j=7,9)
fe h e L ey

(a)

() EEH

2 WENPEFHER
Fig.2 Proposed Chinese Vehicle Model

2 10
(ZMPJerq)g:%O 000 (D
p=1 =1
[30“”—(mf+mg]@f+ﬁ)—magzo (2)
g 2
[ 10990 (b | (1 +2) +
[M_(7n7+7ng)}<lg+é>_M217:O (3)
g 2

K M, (p=1.2) BEERF & 3m, (g=1,2,---,10)
KB RL (r=1,2,,8) R L] R ~F (&
2)sg NESIINEEE L 9.8 m» s 2, MRAEME T
A4 25 5 iy 2 LA T 3K (1) ~ (3) 32 2 40 56 STk mT ff /8
TR RS VR R B T i AR St Y
HWHUE, E 1 iR,

TR R G S8 CRLAE W EE FTBELJE ) X 424 1
SIDAESTES A K SN NI S = S T S L |
2R, MRIESCERC4 IR R A ge it g 2R 25 G
e ] i i e 2 B A 0 B0 B R A DG A Y i A
P 402 W TR 2 b A AR AL G I EE RN BE 2
BB . 2T s L R 2P Rl I 45 1 T I 2 2

®1 MENTEERERNSHIE

Table 1 Parameters of the Proposed Chinese Vehicle Model
b1 /m 2.5
by /m 0.9
/i /m 3.0
CHLTE )
l,/m 1.4
l3/m 7.0
ly/m 1.4
JUfar Rf
l5/m 1.0
lg/m 3.2
SCR[13] ,
hi/m 0.1
hs/m 1.0
. . ls/m 2.7
TR
l7/m 4.5
) ) . M, /kg 2 276.5
RTRE | P #TRES ,
M, /kg 45 246.0
m /kg 700
my /kg 700
ms/kg 1 000
my/kg 1 000
B . ms kg 1000
L SCHKL4]
i ms /kg 1 000
my /kg 800
ms /kg 800
my /kg 800
mio / kg 800
%% 3h H LS Iw//(kg +m?) 20 196.0
15 I RS I,/ (kg + m?) 285 990. 0
88 %% 5 B ESH I./(kg + m?) 2 189.2
il (GRS I/ (kg + m?) 43 512.0
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Table 2  Stiffnesses and Dampings of the Proposed Chinese Vehicle Model

2 kL] o [ 4 5 ik %
' Fe/ME RRME b 2% ¥iH R R R R HUE
W EZEWE Ka,Ke/(kKN+m™1) 150 500 70 300 [250,420] [14]~[16] 300
2R BERE Ko~Ke /(KN m™1) 300 600 50 500 ¥ I 500
MEZENE Ko ~Keg/(KN+m™1) 600 1 500 300 1 000 693 [15] 1 000
SEEENNE Kg~Ka /(KN em™1) 250 600 100 400 J J 400
MR IERIEE Ko ~Kao/ (KN« m™1) 1000 1500 200 1250 1000 [15] 1250
BRI Ko Ke /(KN m™ D) 500 1500 200 750 [897,2 580] [15]~[19] 1500
BN Ks~Kao/(kKN e m™ 1) 500 1500 200 750 [2000,3 500] [16]~[19] 3000
BHBHJE Dy sDe /(KN » s+ m™1) 3 10 2 5 [8,22] [20]~[23] 10
B Do~Dao/(KN«s+m™ 1) 3 10 2 5 [25.84] [15].[18].[19] 53
HHABHJE Da~Dyo/(kN » s+ m~1) 2 10 1 3 3 [19] 3
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Table 3  Stiffnesses and Dampings of Four Vehicle Models o
AR China-5| Obrien-5 | Wang-3 | Wang-5 @
T/t 55 44 32 29 |F: :
BN Ko Ko/(kNem™ 1) 300 400 242.6 | 485.1 =519 K Dy K‘sgl’“ KS‘gDﬂ
BAIE Ko Ko/(KN-m~1) [ 1000 | 1000 |1903.1| 693.1 K$w D, K.£8D, K.£8D,
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BRI Ko ~Kao/(KN+m™1) | 1250 | 750 679.6
HHRIE Ko Ke/(KNem™1) | 1500 | 1750 | 875.0 | 1402.4 ®
IR K Ky /(KN +m™1) | 3000 | 3500 [3503.3|2804.6 ®
STRRIE Ko Ko/(Nom™1) | 3000 [ 3500 |3507.4] 28046 ——
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B Dg~Dao/(kN+sem™ 1| 53 10 37.8
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Fig. 3 Side Views of Other Three Vehicle Models
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Table 4 Fundamental Frequencies of Bridges and

Calculated IM Based on the Chinese Bridge Design Code

Hr HE4i/ Hz LT IM R
T-20 5.87 0.297
B-20 5.11 0.273
K-20 4.60 0. 254
T-24 4.60 0. 254
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Fig.8 Variation of Impact Factors with the Variation

of Truck Weights and Road Surface Roughnesses
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Table 6 Impact Factors in Different Conditions
/) N [R) 6 T P-4 R Y o R B

LR

t Ik 2 7 f b E[ e
Obrien-5 0.623 0.279 0.146 0.083 0. 050
China-5 /M 0.602 0.261 0.131 0.066 0.032
Wang-3 0.737 0.299 0.161 0.084 0.052
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Wang-5 1.077 0.478 0.225 0.097 0. 048
China-5 # 1.012 0. 437 0.227 0.113 0. 054
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Table 7 Comparision of the Results by Field Test and

Numerical Simulation

. R/ UETE ETE
R/t ke e o
(km+h™1) S AE FEALE
8.8 0.052 0. 055
17.9 0. 050 0.052
55. 06 3
25.7 0.072 0.075
36.6 0.041 0. 050
52.3 0. 056 0. 054
49. 27 4
62.7 0.065 0.072
51.8 0.036 0.029
60.12 6
64.1 0. 050 0.042
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