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TRANSVERSE SEISMIC RESPONSE OF AQUEDUCTSWITH
FLUID-STRUCTURE COUPLING

XU Jian-guo* , "CHEN Huai® , WANG Bo?
(1. College of Civil Engineering ,Daian University of Technology, Daian 116024, China;

2. College of Civil Engineering, Zhengzhou University, Zhengzhou 450002, China)

Abstract: Aqueduct is a kind of thin-walled bar structures. Based on the theory of Volasov and Housner, a
seismic response anaysis model of thin-walled space aqueduct with fluid-structure coupling is established in this
paper. In this model, transverse deformation, vertica deformation, longitudina deformation, free torsion
deformation, constrained torsion deformation and fluid-structure coupling between agueduct and water body are
all taken into consideration. The element stiffness matrix and the mass matrix of the thin-walled beam portion of
aqueduct are derived by energy principle and the transverse seismic response equations are established without
water or with design level water in agueduct, respectively. Using the model, the seismic time-history responses of
a single-pier aqueduct are calculated, and the model is verified through the comparison with analytical solution.
Moreover, it is found that the seismic responses are different in the two cases of no water and design level water.
The model is shown to be simple and practical for aqueduct's seismic response analysis with fluid-structure
coupling.
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Fig.1 Aqueduct cross section
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Fig.2 Single-pier agueduct
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Fig.3 Seismic response comparison at top pier of agueduct

without water
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Fig.4 Seismic response comparison at top pier of agueduct

with design water level
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Fig.5 Seismic response comparison at top pier between

aqueduct without water and design water level

3 4
4 4.192s 0.0402m
0.0388m)
, 5
89101 5 9.248s
0.4287m 0.1538m)



202

(1]

(2]

£ Engineering Mechanics ey 455 ;

)

&)

3 2

4

, . [M].
: , 1983. 115-154.
Ju Rongchu, Zeng Xinchuan. Coupled vibration theory
for elastic structure and fluid [M]. Beijing: Seismological
Press, 1983. 115-154. (in Chinese)
[J.
, 2000, 28(1): 1-3.

Zeng Qingyuan. The principle of total potential energy
with stationary value in elastic system dynamics [J].

Fp =

(3]

(4]

(5]

(6]

(8]

(9

(10]

L — —4
==

B3 2004 F35 1 34T 44 T Bofo R B4 -
¢ IRIEERMEIRNFHFRANE, FBRAAMNEFRT (T D50
o FUMKBR M AERYE AR, BALSY: HudeH5 00 TMY (LIL D) whgs
B “Tp”: IREFEEE Q0T MG I KT E, # 180 TMHFXFE M, EM

Journal of Huazhong University of Science and
Technology, 2000, 28(1): 1-3. (in Chinese)
[J.

, 1999, (3): 43-46.
Li Yuchun. Analysis of transverse seismic responses of
large scale tall-pier aqueduct [J]. Journal of Wuhan
University of Water Conservancy and Hydropower, 1999,
(3): 43-46. (in Chinese)
Clough R W, Penzien J. Dynamics of structures [M].
New York: McGraw-Hill, Inc, 1993. 204-215.
. [M]. : ,
1987. 149-174.
Yu Zaidao. Fundamentals of structural dynamics [M].
Shanghai: Tongji University Press, 1987. 149-174. (in
Chinese)
. [M]. : ,
1993. 251-262.
Wang Wenliang. Dynamics of structures [M]. Shanghai:
Fudan University Press, 1993. 251-262. (in Chinese)
Yuchun Li, Menglin Lou. Evaluation of vertical seismic
response for a large-scale beam-supported agueduct [J].
Earthquake Engineering and Structural Dynamics, 2003,
32:1-14.
Okamoto T, Kawahara M. Two-dimensional sloshing
analysis by lagrangian finite element method [J]. Int. J.
Numer. Methods Fluids, 1990, 11: 456-477.
Chen W, haroun M A, Liu F. Large amplitude liquid
doshing in seismically excited tanks [J]. Earthquake
Engineering and Structural Dynamics, 1996, 25: 653-669.
A M | Sweedan, A A EI Damatty. Experimenta
identifyication of the vibration modes of liquid-filled
conical tanks and validation of a numerica model [J].
Earthquake Engineering and Structural Dynamics, 2003,
32: 1407-1430.

84

IETW—REFI— “L” i ENE LIRS

AR TILSREAR T T 220 IB 0 2 R B — T8y, 8 AL R R P A0 AL B A T
2, =HNI=, FHERNE, REFETHARET,



