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Fig. 1 The model for a vehicle and a simply-supported bridge
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c,=[0 0 C,N, C,N,], K, =[0 0 K,N, K,N,],
Fo =Kz, +Chi,, Fo =Kpz, + Cpiy,

Lymyg Limyg
= tmg, Fp=——"-
£ L+ £ L+,

Fg=Fg][O 0 0 O Nl]T+Fg2[0 0 0 0 N7,

F,=F,[0 0 1 0 NJ'+F,[0 0 0 1 N,J,
X, M K,C,U 35 g it W BEJE A LA HE RS s BAR v, b, vb 23527 FH VLAY 4250 |
BRI TR A5 50 R R BELICHE R C, (B8 Rayleigh HiFF; N, N, WG 248 517 B i
Ab Y BATTIE BRI 1) 5 F o o A0 i e 5 R O s MRVl s F, o TSR TSP B2 5 R A B AL
WA 32, 2,0 IS He il f AR M TS 2 67 7
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(1) ARG AT YL S S AT B A O R o = wr, DKUY o 25 (A1 A I sk, B

W(t>=g5<t)(1<t>, i=1,2. <2)
R VRS 2 B gher B RGP ARBERILIR B, For g, (o) SR R, 50 0 424
TR B g (o) O 1,800 g (¢) 240,40 R
(1, 0sis (L),

g(t) = 0, other, (3)
q(1) JLARFTE AR b ¢ O AR S 0 P A2 Gauss (5 807) BEALIE i, L 2 530 4 2 R 4K
G, (@) FKHEPE GB/T 7031—2005/1S0 8608 : 1995 (WK ) T8 fff it 1e -0 e A4l 5 )
AU

qu(a))=4fn20qq(n0)ng a%’ (4)
X, 0 HEIAR rad/s; ng WSEERAFR 0, =0.1m™"; G, (ny) ASHZS AR n, T1#
TE ) 2 S TS RS, PO B TN T R 5 0 S AT B ke

2.1 BEHLIEM A EME
HMRA RE TR T Rl

+m2g’

Y(1)= [ H(t—7,7) (F(r) + F,(7))dr, (5)
Hey H(t-71,7) %%Yﬂjﬂﬁﬁj%ﬁ%ﬁﬁ?ﬁiﬁ@) , FR G [ Y 3B

Y(1)=E[¥(1)] = [ H(t ~ 7 ,7)E[F (r) + F (1) ]dr, (6)
HAE[Y(1)] 2R Y (1) E"Jfﬂoﬁ.ﬂﬂa q(t) /2 0 ¥J{H Gauss T2, W= (6) AT 1EN

i/(t):f;H(t —r ) E[F(r)]dr. (7)

H12C(7) WA, AT R G o Y (B R PR A F, 5 R ).
2.2 HIEE IR
FRUEEC(2) , G900 5 58 -S54 1 2 ol Ak P T AN B2 RT 3678 A
2, =g()q(t), 2, =gt —At)q(t — At), Av = (L, +L,)/v. (8)
X}z, 2, RS RIS H G T
2, =g(1)q(1), 2, =g(t — At)q(t - Ar) . (9)
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F, AIRRH
F,=K,g(t)q(t) +Cg(t)q(t),
F,=K,g(t —At)q(t — At) + Cog(t — At)q(t — Ar) .

A BEYLE F, 25 N
F, =[Ny N,]G(1)Q(1) + [N, an]G(l)Q‘(t),

Hrp
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N, =K,[0 0 0 1 NZ]T,NUZ:CQ[O 00 I N,
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te | ] e@(=a0 ] +oo .
| {gﬂ, 1 }6“0M<w>dw = [TV RYVIG, (@) do,

Hrp v & v i E L HisE g,
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B 2R G ) T 25 R R
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Fy =Kz, +Ci,, Fy =Kz, + Chiy.
I (19) AT, A4 ARG ANAE 2R G APl by 2 400l 5 | R ) f R V9l F, , ol 5 T AS
T RERAL Y RE AR F, R T (LR 5 R i i AR ) F.
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k+1 _ k _ k1
a, :aﬁ + 7((1" AL an) T, Q. :aﬁ:i + 7(0 HAta +l> T. (20)
B ITRE(19) B BRI X
V= HV +r (1) +r,(t) +r;(s), (21)

A H 2y Hamilton (W5 2150) 4K, 55K(5) sk LS H (¢ — 7 ,7) AT,

0 1 . . U
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B G U
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Fig. 2 The models for the bridges
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Table 1 The parameters of the vehicle and bridge
vehicle parameters

my /kg 24790 C,/(Nesem™) 1.96x10°

1, /(kg-m*) 3.258x10° m, /kg 4330

L, /m 1.838 m, /kg 4330
L, /m 1.787 K, /(N-m™") 4.28x10°
K, /(N-m™) 2.54x10° Ky (Nem™) 4.28x10°
K,/(N-m™) 2.54x10° Cy/(N-sem™) 9.8x10°
C,/(N:sem™) 1.96x10° Co/(N+sem™) 9.8x10°

simply-supported bridge parameters

3-span elastically supported bridge parameters

L, /m 40 Ly, /m 30
EI/(N+-m?) 1.28x10" Ly, /m 40
m/(kg-m™") 12 000 Ly; /m 30

EI/(N-m?) 1.28x10"
m/(kg-m™) 12 000
5.0x10" ——— — — -

L —— 40km/h ax16%| 22 eokam /b |

N 60 km /h 30 km /h
-5.0x107T R ---- 80km/h T 1
o 100 km /h 3x10" 1
\E 3t ‘\t 1 ‘\E 1
5 1.5%10 \ S 216" |
-2.5x107 \ 1 110" ]
-3.5x107 . ! . 0 .
0 10 20 30 40 0 10 20 30 40
x/m x/m
(a) ¥IfE (b) A HERTHEATHE
(a) Mean values (b) Bridge deck roughnesses of grade A
0 T km /h J—40Km/h
| ---60km/h 1.6x10°f - - 60 km /h
8x10 F ---- 80km/h F===-80km/h
- e 100 km /h & 12107 |
< 6x10 t e TNy <
© v T el T ©
4x16°%! e 8.0x10"
w10t 7 4.0x10"
0 L L L L L 0 L L L
0 10 20 30 40 0 10 20 30 40

x/m

(¢) B FERHAFE
(¢) Bridge deck roughnesses of grade B
3

x/m

(d) CRKHAFE
(d) Bridge deck roughnesses of grade C

{7 SC G 5 T 58 BE B A S R R A (E RIAR i 22

Fig. 3 Mean values and standard deviations of the dynamic deflection influence line

at the span center of the simply-supported bridge
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FESEGN A B C BB A HE E R 1O B v 22 2R T DRAR L, (5 A LA .
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Fig. 4 The value range of the dynamic deflection influence line at the span center of the simply-supported bridge
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(¢) Bridge deck roughnesses of grade B (d) Bridge deck roughnesses of grade C

Bl 5 RSP SORE RS R S A N LR B S E RIAR v 22
Fig. 5 Mean values and standard deviations of the dynamic deflection influence line

at the span center of the 3-span elastically supported bridge
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SERAERTT WS AR LA, 455 18] 3 al DUME . ol LAFE A 2 vh 58 B2 Bl 25 M 4 ) (i
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Fig. 6 The value range of the dynamic deflection influence line at the span

center of the 3-span elastically supported bridge
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Sl ) e IS M R X AT SR 8 R AT 22 A VT A LG B S R A8 0 A O 8, T BE LR B AR
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Dynamic Deflection Influence Lines of Bridges
Subjected to Vehicle-Bridge Random Vibration

XU Wen-tao, ZHANG Jian-bo, WEI Xing
(School of Mechanics & Engineering Science, Zhengzhou University,
Zhengzhou 450001, P.R.China)

Abstract: The concept of traditional static influence lines was extended to the dynamic field,
and the dynamic deflection influence lines at the span centers of a simply-supported bridge and
a 3-span elastically supported bridge were studied in view of the interaction between the bridge
random deck roughness and the vehicle. To obtain the mean values and standard deviations of
the dynamic influence lines at the bridge span centers, the deterministic harmonic excitations
were derived from the bridge deck roughnesses with the pseudo-excitation method, and the e-
quation for the vehicle-bridge system was solved with the precise integration method. Based on
the 30 method, the deterministic value ranges of the dynamic deflections were obtained. Final-
ly, the random characteristics of the dynamic influence lines were analyzed through numerical
examples, and the effects of vehicle velocity and bridge random deck roughness on the dynamic
influence line were discussed. Then the difference of dynamic influence lines between the sim-

ply-supported bridge and the 3-span elastically supported bridge was discussed.

Key words: bridge deck roughness; vehicle-bridge interaction; pseudo-excitation method; pre-
cise integration method; dynamic influence line
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