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Abstract. Modal analysis is the important study for high dam seismic design. Lanczos algorithm
was used here for iterative computation. The material constitution for structure was established
based on fuzzy-stochastic damage mechanics. The result shows that the typical character of Xiludou
super arch dam is the unsymmetrical modal shape.

Introduction

Sino-mainland nowadays has established more than 100 super dams whose heights are above 150
m'. Meanwhile, the geological conditions of Sino-mainland are also the most abominable ones in
the world®>. During the early 20 years of 21st century, the destructive earthquake cases (Ms>6.5)
here are more than 10 times. Xiluodu arch dam is another super concrete dam of above 200m whose
site just stands on the great South-Eastern zone of China where is the main source of Sino great
carthquakes™”.

As for seismic key technology, the modal analysis can offer the primary dynamical character of
structures under earthquake loading. Such primary parameters as dynamical coefficients, natural
frequency, damping ratio and dynamic magnification parameters etc can be established. .

During the modal analysis, the constitutive material was founded with generalized damage.
The fuzzy stochastic damage index function is expressed in Eq. 1.

o, |tang, +c,
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where, i indicates the Gaussian integral point; Ais the material parameter got from test and the
suggested value is 1.2; ¢ and ¢ represent the shear strength index, namely, cohesive force and
internal friction angle respectively; o, is the hydrostatic pressure on point i; o, designates the
stress deviator on point .

The identification of material damage needs the measured data to describe the strain-stress

process. The whole non-linear constitution was adopted here for damage evaluation and the
representative test process curve is showed in Fig. 1.
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Fig. 1 Uni-axial Compression Test Process Curve

Numerical Results of Modal analysis on Xiluodu Arch Dam

Fig. 2 Numerical Grid Model for Xiluodu Arch Dam Modal Analysis

The finite element gird model is showed in Fig. 2. there live two kinds of element for it,

namely, hexahedral element and wedge element. The total number for element is 10 393. The total
number for node is 12 238.
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Fig.3 First Order Mode Shape (@, =0.94965) Fig.4 Second Order Mode Shape ( w,=0.97830)
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Fig.5 Third Order Mode Shape (@,=0.99742) Fig.6 Fourth Order Mode Shape (w,=1.0219)

Fig.7 Fifth Order Mode Shape (@,=1.0219) Fig.8 Sixth Order Mode Shape( o, =1.0240)

Fig.9 Seventh Order Mode Shape ( @,=1.0982) Fig.10 Eighth Order Mode Shape (@, =1.1091)
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Fig.11 Ninth Order Mode Shape (,=1.1157) Fig.12 Tenth Order Mode Shape (w,,=1.1177)

The representative modal shape for Xiluodu arch dam is the unsymmetrical one®’ (Fig. 3-Fig.
12). The first order mode shows the displacement contour has this character. Particularly, the
displacement field at arch dam abutments has almost the same magnitude. The development
directions on the displacement, however, are absolutelgl opposite. This character is the same sign of
displacement distribution for modal shapes of 4% 6™ and 10™. So, the conclusion is the typical
model shape for Xiluodu arch dam is the unsymmetrical one®.
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Conclusions

Numerical computation was applied for Xiluodu super concrete arch dam. The result is helpful for
structure’s seismic analysis. Due to the accumulation of dynamic displacement at abutments of arch
dam, the modal shape of Xiludo arch dam has the primary character of unsymmetrical distribution.
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