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Analysis of Dynamic Characteristics and Seismic Performance
of Yongchang Stone Arch Bridge in Ming Dynasty

MA Yukun, CHUN Qing

(School of Architecture, Southeast University, Nanjing 210096, China)

Abstract; In order to study the seismic performance of the 3 holes stone arch bridge in Ming Dynasty, a 3-di-
mensional finite element model of Yongchang Bridge was established, and its dynamic characteristics, mode
decomposition response spectrum and seismic time history were analyzed. The natural frequency, mode shape,
seismic action effect, seismic displacement, and seismic stress response were obtained. The results show that
there is little difference between the 3rd torsional mode frequency and the 1st-2nd translational mode frequen-
cies of the 3 holes stone arch bridge. Under the E1 and E2 seismic action with the 7 degrees seismic fortifica-
tion intensity, the most dangerous force parts of the 3 holes stone arch bridge are the junction of the wild goose
wing abutment and the secondary arch, and the junction of the water diversion tip and the secondary arch.
Other arch feet, arches and arch crown decks are also vunerable to tensile damage.

Keywords: 3 holes stone arch bridge in Ming Dynasty; dynamic characteristic; seismic performance; seismic

strengthening; Yongchang Bridge
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Fig.4 Model of Yongchang Bridge
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Tab.1 Natural frequencies and modal coefficients of 1st-10th modes of structure

IR 2 B f/Hz °
x y z Lrot Vrot Zrot
1 6.370 08 0.000 465 1. 000 000 0.002 120 0.177 976 0.001 327 0.147 834
2 6.483 78 1.000 000 0.000 084 0. 000 499 0. 000 440 0.574 644 1. 000 000
3 6.797 59 0.000 868 0.002 845 0.002 635 0.003 291 0.002 155 0.056 873
4 7.319 73 0.000 763 0.424 703 0.006 650 0.019 274 0.005 649 0.063 477
5 8.691 97 0.000 112 0.000 027 1..000 000 1.000 000 0.645 103 0.000 096
6 9.503 78 0.000 117 0.000 128 0.001 902 0.001 854 0.004 748 0.007 192
7 11. 444 00 0.000 137 0. 000 006 0. 644 946 0. 645 030 0.421 491 0. 000 136
8 11. 699 60 0.265 995 0. 000 009 0.021 626 0.021 612 0.714 097 0.265 978
9 12.221 40 0.032 221 0. 000 457 0.036 312 0.036 036 1. 000 000 0.032 142
10 12.322 10 0.000 696 0.038 982 0.017 016 0.003 202 0.001 357 0.006 462

Oy 11,444 00Hz(JE 5CH) 5 25 8 [ ik B4 Jy B¢ v £L 3 EOMF 1< 5 1) #1516 A 303 0y 11, 699 60 Hz([&] 5
Ch)) 35 9 Bir Ik 28 0 L8 B D7 1) (1 45 [81 A TR O 12, 221 40 Hz ([ 5()) 555 10 B B4 o 58 1 .7 1)
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Fig. 7 Stress nephogram of Yongchang Bridge under x, z direction combined E2 seismic action
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Fig. 9 Response spectrum analysis results of Yongchang Bridge under E2 seismic action
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Fig. 11 Response of Yongchang Bridge under E1 seismic action
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Fig. 15 1st principal stress response and displacement response of Yongchang Bridge under E1 seismic action
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