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Abstract; The nodal displacement response, member force and pier shear force of a large-span bridge were analyzed
by computing its seismic responses under the uniform earthquake excitation and inconsistent excitation respectively
to further study the effect of the traveling wave on large-span structural responses. Meanwhile, the effect of the
wave traveling velocity on the structural responses was analyzed. The results show that when the traveling wave is
applied on the structure, some nodal displacement responses and some member axial forces especially in diagonal
braces on piers increase while other member internal force varies slightly. Although the total seismic shear force of
the four piers is reduced, the shear force of each pier increases. When the traveling wave velocity increases, the nod-
al relative displacement responses as well as the base shear and the member internal force on the piers reduce, but
the responses are larger than those under the uniform excitation.
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Fig. 1 Bridge finite element model
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Tab.1 Structural modes

B % 1 2 3 4 5 6 7 8 9 10
A #iR45% / Hz 0.923 1.022 1.162 1. 644 1. 847 1. 864 2.072 2.117 2.174 2.326
ARE /s 1. 083 0.978 0. 861 0.608 0.541 0.536 0.483 0.472 0. 460 0.430
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Fig. 2 Mode shapes of the bridge
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Tab. 2 Peak relative displacement of the node mm
El-Centro ¥ Taft Jf Tmp I
17 R B
T 1 T8 2 T8 1 T8 2 T8 1 T8 2
72 1 BE 18. 8 63. 4 17.1 85.9 29.0 196.5
92 W2 s 18.7 89.5 15.3 127.7 28.9 318.7
114 3BT 18.3 115. 9 15.0 185.0 28.3 416. 8
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Fig. 3 Peak values of nodal displacement
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Tab. 3 Base shear of each bridge pier kN
El-Centro Taft Imp %
LR €=
T 1 T 2 T 1 T2 TH1 T 2
1 4 856. 1 24 922.5 7 898.0 32 453.1 7 079.0 81 393. 8
2 9773.7 31 784.0 15 278.6 32 370.0 13 887.3 85 977.0
3 7 611.5 32 712.3 9 701. 4 31 008.9 12 704.9 86 172.5
4 8 320.8 34 845.9 9 545.0 51 857.9 9 697.7 120 533.2
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Tab. 4 Stress of members MPa
El-Centro Jf Taft Tmp 3%
LARGE R
(IR Lt 2 (IR [ 2 (IR it 2

460 30.49 46. 36 51. 60 68.03 32.49 165. 23
461 27.89 46. 96 47.57 64. 96 30.21 163. 33
479 22.85 52.96 44,58 51.40 28.26 167.61
485 23.82 53. 86 44, 68 50. 62 28.43 163. 65
511 14.76 25. 80 23.09 29.76 20.92 64. 97
525 13.19 24. 87 19.91 33.19 16. 79 80.52
6 141 19.71 102. 23 32.15 133.07 28.69 333. 66
6 143 19.63 101. 42 32.01 131.79 28. 66 331.05
6 145 20. 66 74,14 35. 36 73.05 31.71 200. 91
6 147 20. 60 76.95 35. 06 72.82 31.43 197. 27
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Tab.5 Relative displacement of nodes under traveling wave excitation mm
El-Centro I Taft I Imp 3
WG A
T3 T4 4 T3 T 4 T.% 3 TH 4
72 1 BEs 37.2 31.1 56. 2 42.6 111.7 86. 7
92 %2 Bkt 57.7 49.0 92.3 70.5 190. 5 145.0
114 3B 91.6 72.6 131. 2 105. 0 268. 6 215.6
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Tab. 6 Bridge base shear under traveling wave excitation kN
El-Centro % Taft I Tmp Ik
g5
T4 3 T.BL 4 T3 T 4 T3 T.BL 4
1 27 555.3 23 852.8 22 710.5 18 015. 6 47 616. 8 36 626.0
2 41 105. 2 33 225.1 25 745.1 22 377.4 53 185.9 37 062. 1
3 37 674. 2 29 625.2 19 323.4 21 782.2 35 082.6 23 298.3
4 37 714.3 31 622.9 37 550.5 29 333.7 81 812. 2 61 725.2
F7 ITHBEERS MRS
Tab. 7 Stress of members under traveling wave excitation MPa
El-Centro Taft % Imp 3
45
T 3 T4 4 T3 T 4 T 3 T4 4
460 35. 26 31.45 51.23 39.61 101. 84 84.43
461 39.71 39.97 49. 29 38. 04 101. 26 83. 85
479 16. 84 29. 30 33.03 22.57 66.58 36. 85
485 42.63 24.33 32.57 23.08 59.48 31. 15
511 35. 77 28.09 22.35 15. 90 49. 54 36. 96
525 47.58 37.61 28.07 20. 45 64.51 47.90
6141 112.76 97.76 93.29 73.59 195.77 150. 12
6143 112. 29 97. 34 92.22 73.38 193. 27 149. 16
6145 92.09 74,17 53.57 46. 06 122.04 81.41
6147 90. 29 72.39 53. 80 43. 24 116. 82 76.28
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Tab. 8 Effect coefficient of nodal displacement

X El-Centro I Taft % Tmp Ik
T )
b T4 2 T4 3 T4 4 T4 2 T4 3 T4 4 T4 2 T4 3 T4 4
72 80.0 3.37 1.98 1.65 5.02 3.29 2.49 6.78 3.85 2.99
92 240.0 4.79 3.09 2.62 8. 35 6.03 4.61 11.03 6.59 5.02
114 416.0 6.33 5.01 3.97 12.33 8.75 7.00 14.73 9.49 7.62
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Tab. 9 Effect coefficient of base shear of each pier

El-Centro i Taft I Imp I

LR e TR

T 2 T4 3 T 4 TH 2 T4 3 T4 T2 T3 TH 4
1 5.13 5.67 4.91 4.11 2.88 2.28 11. 50 6.73 5.17
2 3.25 4.21 3. 40 2.12 1.69 1.46 6.19 3.83 2.67
3 4. 30 4. 95 3.89 3. 20 1.99 2.25 6.78 2.76 1. 83
4 4.19 4.53 3. 80 5.43 3.93 3.07 12.43 8. 44 6.36
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Tab. 10  Effect coefficient of stress of members
FE 20 El-Centro i Taft Imp
T T4 2 T4 3 T4 4 T 2 T3 T 4 T 2 T4 3 T4 A4
460 1.520 1. 16 1.03 1. 318 0.99 0.77 5. 086 3.13 2.60
461 1. 684 1.42 1.43 1. 366 1. 04 0. 80 5. 406 3.35 2.78
479 2.318 2.05 1.28 1. 153 0.74 0.51 5.931 2.36 1. 30
485 2.261 1.79 1.02 1.133 0.73 0.52 5.756 2.09 1. 10
511 1. 748 2.42 1. 90 1. 289 0.97 0.69 3.106 2.37 1.77
525 1. 886 3.61 2.85 1.667 1.41 1.03 4.796 3.84 2.85
6141 5.187 5.72 4. 96 4.139 2.90 2.29 11. 630 6. 82 5.23
6143 5.167 5.72 4,96 4,117 2.88 2.29 11. 551 6.74 5.20
6145 3.589 4,46 3.959 2.066 1.51 1. 30 6. 336 3.85 2.57
6147 3.735 4. 38 3.51 2.077 1.53 1.23 6.276 3.72 2.43
4 St
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