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Fig. 1 A spring-mass model Fig.2 A finite element model for aqueduct structure
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Tab. 1 Natural frequencies of vibration at different heights of piers Hz
Mz B%5 8.3 m B0 10.3 m B9 12.3 m B% 14.3 m
B Ferk Hk Tk ik Tk Hk Ferk ik
1 7.39 6.10 7.19 5.80 5.50 5.44 4.21 4.17
2 11. 00 10. 87 7.55 7.43 6.75 5.45 6.31 5.06
3 25.63 17. 81 23.20 16. 62 18. 68 14. 69 14. 81 12. 46
4 28.67 21.48 23.83 20. 24 19.39 17.98 16. 10 15.61
5 30. 83 25.19 28.98 24.02 24. 14 23.27 18.74 18.72
6 32.57 28.03 31.82 27.62 29.78 24. 06 22.41 22.35
7 37.81 30. 40 32. 68 28. 86 29. 87 25.99 29.07 22.89
8 40. 55 34.01 37.65 32.48 31.32 29. 40 30.35 24.13
9 42.73 35.34 39.35 32.93 33.89 29.72 32.10 28. 80
10 46.07 37.65 40. 13 36. 28 35.20 30.99 32.36 29.31
11 48. 54 40. 61 41.28 36.53 37.72 33.29 37. 64 30.71
12 51. 06 45.31 43.99 38.94 43.67 35.16 39.85 33.81
13 55.19 45.90 46.29 40. 23 46.28 35.52 43.26 34. 84
14 56. 01 47. 66 50. 65 41.15 46.70 36.23 43.70 35.28
15 57.61 50. 05 52.53 41.55 48. 86 41.31 46. 12 40. 64
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Fig. 4 Node displacement of aqueduct wall along time
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Tab.2  Shear force of central node of pier bottom and displacement and shear force of mid-span bottom node

. i/ mm 39 J3/N
T
W mom B N N N N
o o o o B 8.3 m B{E5 10.3 m B 12.3 m BUE 14.3 m
83m  10.3m 12.3m 143 m
o 030 04 06es 0.9 40 624/31 695 39 757/31 684 39 639/32 211 39 788/33 111
7]
—0.548  -0.796 -1.179  -1.172 70 464/-57 213  —68 555/-57 338  —67 963/-58 580  —67 754/-59 035
o 01 0 o4 0.654 29 290/16 339 30 356/16 566 31 682/16 691 32 971/6 906
7]
-3.170  -0.478  -0.728  -1.103 49 106/-27 268  -50 578/-27 828  -53 112/-29917  -55 302/-31 126
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Tab.3 Velocity of pier top node and side wall node (em/s)
TH BRI AR e B T3y 7 5
B8 3m B 10.3m BRI 123 m BE 143 m BE83m BE10.3m BE 12.3m B 14.3m
ik 0.518 0.997 1.751 2. 846 6.971 7.843 9.031 10. 614
7]
-0.193 -0.373 -0. 665 —-1. 149 -2.553 -2.904 -3.429 -4.151
ok 0.311 0.618 1.132 1.934 3.982 4.582 5.461 6.729
i
-0.117 -0.232 -0.422 -0.721 —-1.479 —-1. 680 -2.007 -2.483
4 # i
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Analysis of transverse dynamic response for aqueduct structure

FENG Chao, DU Ying-ji
(College of Water Resources and Architectural Engineering , Northwest Agricultural and Forestry University, Yangling
712100, China)

Abstract; For safety appraisal of an aqueduct, an ANSYS three-dimensional finite element model of a single-span
aqueduct structure has been developed with design water level and without water. The fluid-solid interaction Housner
model is selected to simulate the interaction between water and the aqueduct wall and different pier heights of the
aqueduct are set; 8.3 m, 10.3 m, 12.3 m, 14.3 m respectively. The dynamic response of the aqueduct structure
under different pier heights ( stress, displacement, velocity) based on modal analysis and dynamic analysis is
observed. Analysis results show that the natural vibration frequencies of the aqueduct structure under the design water
level are less than those without water. With increase of the pier height of the aqueduct, the frequencies of the
structure show the trend of decrease; the dynamic response values of the key points of the top of the pier, the mid-
span and the top of the mid-span have the tendency of increase; however, the dynamic response values of the
different position of the aqueduct structure are different, therefore, the dynamic response values of the high-pier

aqueduct is generally greater than that of the short-pier aqueduct under the practical conditions of earthquake.

Key words: aqueduct; finite element method; dynamic response; piers height; fluid-solid interaction;

earthquake action



