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Abstract-In design of aqueduct structure, natural frequency II. ENGINEERING SITUATION
calculation is the basis of earthquake response analysis. In this . . L. . .
paper, the dynamic characteristic of Gegou U shape aqueduct is Gegou aqueduct is located in Liaoning Province. Design

calculated by the finite element software ANSYS. And in this  discharge is 1.3m%s; longitudinal slope is 1/650 and the total
software, the interaction between water and aqueduct wall is  length is 390m.This aqueduct is a simply supported beam.
simulated with added mass method. Natural vibration  Aqueduct body is reinforced concrete structure, a U-shaped
frequencies and principal modes of Gegou U shape aqueduct are  Cross-section, and each section is 10m long. The two ends of
analyzed and calculated in four different water level which the aqueduct are put in Concrete bent.
include empty tank water level, semi tank water level, design
water level and bank-full water level. The calculation results I1. CALCULATION MODEL
show that the water level has a great influence on the natural A Theoretical Calculation and Analvsis
frequencies of the aqueduct and the frequencies decrease with the . y
increase of water level. The research results can provide basis for According to the basic theory of structural dynamics, the
its protection and seismic design of U shape aqueduct. equations of motion structure without damping vibration
condition can be got as follow[4]:
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vibration mode; added mass Mii+Ku=0 0
. INTRODUCTION

In China, distribution of water resources is extremely M is the mass matrix; K is stiffness matrix; U is
uneven, so inter-basin water transfer project has become an acceleration of node; U is displacement of node.
important content of China's water conservancy construction[1]. .
Therefore, it is particularly important to analyze dynamic  Hypothesis:
characteristics of the aqueduct. Dynamic characteristics of

large aqueduct structures include the frequencies and vibration u= ¢sin(a)t + ¢))

modes[2]. In this paper, Gegou aqueduct of Liaoning is taken (2)
as the research object .Then we build three-dimensional finite

element model of Gegou aqueduct by the finite element Then obtained:

software ANSYS and calculate vibration frequency in the

conditions of empty tank level, semi tank level, design level v 2 fai

and bank-full level. The interaction between water and U=-w ¢S|n(wt + @) 3)
aqueduct wall is simulated with added mass method[3]. The

results can provide a reference for the engineering design by As a result:

Analyzing and Calculating vibration frequency and principal
mode of Gegou aqueduct in different water level. )
(K-o*M)¢=0 W
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@ is the natural frequency of the structure; ¢ is vibration
mode.

B. Model Parameters

The concrete strength grade for aqueduct body of Gegou
aqueduct is C30; Density is 2500kg/m?; Elastic modulus is
30GPa and Poisson's ratio is 0.1667[5].

C. Finite Element Model

Selecting SOLID 65 which is a 8 node 3D element to
establish the three-dimensional finite element model of Gegou
aqueduct. The element size is 0.05, the number of element is
31504, and the total number of nodes is 46941[6-7]. In the
finite element calculation model of high-rise connected
structure, Y direction is height direction, Z and X direction is
horizontal, which shows in the Figure 1(The purple area is
added mass).

FIGURE I. FIGURE 1: FINITE ELEMENT CALCULATION MODEL OF

GEGOU AQUEDUCT

IV. ANALYSIS OF CALCULATION RESULTS

In engineering design, Low order mode is the most
important of all vibration modes. First 6 order natural
frequencies and vibration modes of Gegou aqueduct are taken
to better illustrate the dynamic characteristics and changes of
aqueduct structure. Vibration frequencies of aqueduct are
shown in Table 1.To better illustrate the vibration form of
aqueduct, the former six vibration modal map which is shown
in Table 2 is taken when design water level. As can be seen
from Table 1, with the depth increasing, the same order
frequency is reduced.

TABLE I. THE FIRST 6 STEP NATURAL FREQUENCIES OF GEGOU U SHAPE
AQUEDUCT (HZz).
Step Empty Semi tank Design Bank-full
tank level level level level
1 10.747 9.369 6.141 5.671
2 19.490 14.506 10.588 10.069
3 26.497 24.127 15.821 14.499
4 40.579 32.822 23.843 22.554
5 44.845 39.789 27.123 24.482
6 49.938 40.239 28.885 27.116

From the results known, The first order frequency is
10.747Hz when empty tank level. The first order frequency is
9.369Hz when semi tank level. The first order frequency is
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6.14Hz when design level; The first order frequency is 5.671Hz
when bank-full level. Along with the deepening of the aqueduct
water depth, the same order of frequency are decreasing. That
is, the greater quality of water the aqueduct contained in, the
lower the frequency. It also shows the power coupling body
with the water tank has a significant effect on the aqueduct
natural frequencies. As can be seen from Table 2, the first
vibration mode is lateral-torsion. Second-order mode is vertical
vibration. The lateral torsion of aqueduct appears firstly, which
shows that lateral torsion stiffness is smaller. In order to
overcome this drawback, the number of transverse brace can be
appropriate to increase.

TABLE Il.  VIBRATION MODE OF GEGOU U SHAPE AQUEDUCT IN DESIGN
WATER LEVEL
Step Modal map Step Modal map
1
3
5

V. CONCLUSION

The natural frequencies that are calculated in four different
conditions show that the power coupling body and the water
tank have a significant impact on the aqueduct natural
frequencies. Therefore, water in tank must be considered when
analyzing the dynamic characteristics and seismic response of
aqueduct. While the vibration rule of the same order mode is
similar, which shows that the vibration shape of whole
structure is not affected by water in the aqueduct. The research
results can provide basis for its protection and seismic design
of U shape aqueduct.
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