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Driving Dynamic Response Analysis of a Steel-concrete Composite

Trussed Girder Bridge Considering the Effect of Nodal Rigid Zone
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Abstract:In order to study the influence of nodal rigid zone on the dynamic responses of a steel-con-
crete composite trussed girder bridge under high-speed train, one railway bridge is taken as a numerical ex-
ample and the self-developed software TRBF-DYNA is utilized to calculate the dynamic responses of train-
track-bridge coupled system. The whole three-dimensional model of the track-bridge subsystem is estab-

lished by using finite element method, where each vehicle of the train is modeled as 31 degrees of freedom
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model by applying the rigid-body dynamics theory, and the spatial rolling contact model is used to simulate
the interaction between wheel and rail. Firstly, the influence of nodal rigid zone on the bridge vibration
characteristics is studied. Then, the effects of the nodal rigid zone and running lane on the vehicle running
safety indexes and dynamic responses of local steel truss webs and global bridge are investigated. The anal-
ysis results show that the nodal rigid zone improves the stiffness of the bridge. Meanwhile, the maximum
vertical displacement and vertical acceleration of the bridge are reduced by 30.00% ~35. 15%. Moreover,
the internal force of steel truss webs increases significantly, particularly the bending moment increases up
to 90.41%~224.02%, and the nodal rigid zone has little influence on the safety indexes of vehicle. Com-
pared with single-lane driving, the dynamic responses of the bridge with double-lane driving are markedly
increased, and the peak value of the lateral and vertical accelerations are increased by 114. 29% and 100%,
respectively. Stress of the steel truss webs increases, but it is not linearly increased according to the num-

ber of running lane. It is suggested that the influence of the nodal rigid zone should be considered in the e-

valuation of the dynamic responses of steel-concrete composite trussed girder bridges.

Key words: high-speed railway; steel-concrete composite trussed bridge; train-track-bridge coupled

system; nodal rigid zone; dynamic response
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Fig. 1 Sketch of vehicle model
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Tab.3 Summary of maximum dynamic responses of bridge
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Fig. 7 Time history curves of bridge vertical displacement
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Tab. 6 Summary of maximum dynamic responses of vehicle

A i 4=
T it B M) R/ (mes 2 Sperling 845 T % W MK N/ (mesT?)  Sperling f8#5
AE O WEE kN 1 1) 18 [1] 1% ] 1 [1] B W#EE  /kN 1% n] 1 [1] 1% 1] 1 1]
Casel 0.12  0.38 18.33 0.20 o0.14 1.12  1.03 0.12  0.26 15.4 0.19 0.18 1.17  1.08
Case2  0.13  0.40 20.53 0.21  0.15 1.13  1.08 0.13 0.30 17.0  0.20 0.19  1.19  1.10
y/% 833 5.2 12,00 500 7.14 0.89 4.8 833 1538 10.39 526 556  1.71  1.85
0.2r Casel 03¢ Casel
i 01 2 ﬁ Case2 K“; 0.2F Case2 é
s . Af PO | g 3 X . s
Sl i h e 5 by AR bl S
L%, .4 A Al1a7l 1 1 1, WL 4 " A
g M T TWIATARTT = NREE T WY | §
= e TR SRS BT pte o
= -01p U ¥ = y 1 l £
& % -0.2} ¥ I =
0205710 15 20 25 30 35 0305710 15 20 25 30 35 300510 15 20 25 30 35
I [a] /s 5[] /s ] /s
(a) ZEAARRE ) I B (b) ZEAA B ) i 3 (c) HRXBEIEEE
-80r Casel 0.6 + Casel
Case2 i Case2
R = jl ﬂ
& 160 ‘ - 2 ' =l I
@ [ # 0. aH 1 H !
Z 00} -
2405510 15 20 25 30 35 02505 10 15 20 25 30 35 05 10 15 20 25 30 35
i) /s LY I MiEs
(d) BEHIFR s S (e) HHRXARIBHRE () BRI
B 10 % —% £453) K v 5B A2 W 4%

Fig. 10 Time history curves of dynamic responses of the first vehicle
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4.3 THEZBIZMDH

FE T2 SRV AR ) T A R AR, A X L
ST TR (Case2) FIXLZR (Case3) 17 42 5514 T 19 41
FERNIE W R R S8 8 T
4.3.1 WP e By

TG T BN SRR, Case2
Case3 174 L0 AT 22 1Y 3h J7 7 8, B2 o 5% A S I
SIS 0 R e R R DA K 2 B LT bR
6] 14 AH % 22 {8 ¥ = (Val, — Val,)/Val, X 100%,
Vala iy Case2 3h J7 i i {H, Valy 2 Case3 3h J7 I
N AH.

MR 7 AT AL T Case3 Hr [a] iy E A9 51 4 45 &

T B 3h 71 F BORMUBE 1) 03 8% s AT B AR AN, B 2 A
Bl 70 O i (L X 3% 0 L N T R R AR 2 AT 4 4R
(R W) R SE B b o A 1) 60 15 1] s e {1 ) e
MR AT 114,29 % F0 100%. H THRLITE TS
FAm RN RS T4 B JE T X RN AR I bR
TR ] (57 4 ) 107 Foe KM W ARy 72. 5200, #F e Ak 1]
SRS T B AZ R 1) T P S R 1) ) B R
BURFE AN [R) 58 6] 58 0 22 (AN H 28 S IR AE , PRt
PR 1 L B 78 2 R 00 8958/, BR T 00 T #F
AR K IH Bl 0. 79 m/s™ il (R o 4k % 15 T
FLYE ) (TB 10621—2014) 5& 43 WEHLIE HF 18 4% 25
BN KT 3.5 m/s” BB R,

x7T BRI NMERELCS

Tab.7 Summary of maximum dynamic responses of bridge

Eipl] R fi /(A0 Srad) B 16 i % /mm % 16 i £ /mm BEEE/ (e s™?) SR MEE/(m-s—?)
TH "

ES ¢ K 15 1 k¥ bl hE W LB Kl e Gl KB bE LB
Case2z  1.11 0.45 8.91 0.24  0.16  0.29 131 195 0.14  0.16 0.19  0.42  0.32  0.28
Case3  1.07 0.61 13.65 0.22  0.10  0.27 226 293  0.30  0.30 0.29  0.79  0.64  0.54
y/% —3.60  35.56 53.20  —8.33 —37.50 —6.90 72.52  50.26 114.29 87.50 52.63 88.10 100.00 92.86

4.3.2  ARMLAT R 3R B Jp v B AT

8 T H BT RIS L Lk (Case2)
XL (Cased) 17 4= T OU T SRR AT T il 7 5 %8
By I3 W L R AR A R 2 b B0 T R A 2 T ) A
XPZEME v, B S T K- i R BIAFF L3 1Y
IV PR R T RS

MR8 Al B AT A AL NI AT B B
T3l R W RRZAT B O O B TR AT
e I AR AE AR A AT ) 5 R Ll ) e R i
5k 75. 87 %6.29. 87 % .37, 03 % » MK MR I A2 2
fERF. N 11 Al W 7E B A R I FT
(49 1 3 7K P B3 S I ) e KAE A 18,16 MPa.

R8 WIS N EE HAOMERELE

Tab.8 Comparison of maximum stress, bending moment and axial force of steel truss webs

e /MR y 1% DN v % RN v %
Case2 Case3 Case2 Case3 Case2 Case3
L1 9.08 11.51 26.76 38.41 46.02 19. 81 374. 30 473. 44 26.49
L2 5.69 10. 00 75.75 16. 43 19. 95 21.42 128.05 149. 17 16. 49
L3 12.97 18. 16 40.02 48. 27 62.69 29. 87 589.91 805. 35 36.52
M1 10. 86 14.03 29.19 38.72 47.16 21. 80 466. 44 636.13 36. 38
M2 4. 00 4.49 12.25 10. 32 12.68 22.87 184. 44 190. 74 3.42
M3 11. 20 14. 82 32.32 42.22 52. 30 23.87 493. 63 661.18 33.94
R1 13.08 16. 21 23.93 43. 31 53.43 23.37 536. 80 735. 60 37.03
R2 6. 05 10. 64 75.87 16.79 20. 45 21. 80 126.07 163.09 29. 36
R3 8.98 10. 87 21.05 38.17 43.76 14. 65 372.59 444. 68 19. 35
g
2 <
= R
0o 1 2 3 4 5 6 7 1 2 3 4 5 6 7 0 1 2 3 45 6 7
iFiA] /s IS 18] /s IR 7] /s
(a) N2 JJ (b) &% (c) il
B 11 L3MHEA L A3 a5t 42 i &

Fig. 11

Time history curves of stress. bending moment and axial force of truss web L3
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Z 8] AR 221 .

MR 9 WIE M WEATETHT . BB R 5
A B ZE ) 45 T8 bR 55 B R AT R 3 A N [R) A 1 4
KATHZARVERCE AR AR, AR 48 g Bk Bt

e KRAEIA/NT 0.8, 40 H I 2 % e K{E /N T 0. 6, 5%
F M 1 K 1k 20. 54 kN<C10 kN+ P, /3=63. 33
KNP, Ryl 55, P = 160 kND , 1 J& 2 4 PR 25K 5
e KPR [ 2 B2 /N F 1. 00 m/s” s e R AR 1%
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Tab.9 Summary of maximum dynamic responses of vehicle

EIED i 7
T8 it 26 E Ry NEEE/(m - s™2)  Sperling $55 B Wl M INEEEE/(m e sT2)  Sperling #E45
FH OWEE  /kN 1 i) 1] i) T i) RE WEE  /kN 1B i) K 1i) ¢ i T 1i)
Case2 0.13 0.40 20.53 0.21 0.15 1.13 1.08 0.13 0. 30 17.00 0. 20 0.19 1.19 1.08
Case3 0.13 0. 44 20. 54 0.24 0.16 1.39 1.11 0.13 0. 46 17.78 0. 24 0.22 1.46 1.17
/% 0. 00 10. 00 0. 05 14. 29 6.67 23.01 2.78 0.00 53.33 4.59 20. 00 15.79 22.69 8.33
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