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Research on flow induced vibration characteristics of layered concrete structure
NIU Chao, YANG M in, LI Bing yang
(State K ey Laboratory of Hydraulic Engineering Simul ation and Saf ety, Tianjin University, Tianjin 300072, China)

Abstract: Vibration of hydraulic structures caused by flood discharge excitation occurs frequently and has different forms, and
serious vibration may lead to structural damage. Few cases of damage caused by vibration for layered concrete structures were
presented, and the study of vibration response mechanism w as not enough. In this paper, the vibration responses of concrete arch
dam with two different structures, including a whole structure and a layered structure, under the same flow discharge conditions
were immvestigated through the comparative analysis of numerical calculation and model test. The relationship between the struc
ture and vibration response was analyzed. Furthermore, the relationship between the vibration response of layered concrete
structure and flow discharge was studied in consideration of the "beat" concept. The results showed that the beat vibration is
mainly caused by the first two bands of vibration with similar frequency. Although the conditions for the formation of beat vi
bration may not exist, the vibration curve can present the form of "beat", and the vibration quantity is much large than that of
the forced vibration, w hich indicated that this is actually the hydraulic resonance phenomenon.
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Fig. 1 Time history curve of measuring point

in crown cantilever of Ertan arch dam
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Fig. 3 Effects of amplitude ratio B on synthetic beat” aused by different
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Fig. 4 Effects of frequency ratio @ on synthetic “ beat”
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Fig.5 Finite element model of guide wall
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Tab.1 Standard deviation of dynamic stress

W5 AT/ kPa PRI S kPa R 7
1 473.76 464.75 0.019
2 370. 07 330. 54 0. 107
3 215.79 154. 00 0. 286
4 185. 25 189. 14 0.021
5 63.77 87. 66 0.375
6 64.33
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Tab.2 First six orders of structure( dry mode)
% ALK/ He B2 45K/ H 2

1 2.22 2.20
2 2.37 2.33
3 3.71 3. 66
4 3.81 3.74
5 3.95 3.91
6 4.03 3.99
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Fig.6 Power spectrum of flow discharge load
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Fig. 7 Layout of dam vibration measuring points
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Tab.3 Working conditions of finite element calculation
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Fig. 8 Standard deviation of dynamic displacement of arch dam crest
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Fig.9 Standard deviation of dynamic stress of crown cantilever
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Fig. 10 Standard deviation of dynamic displacement of
crown cantilever
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Fig. 11 Time history curve of typical measuring point

on the top of dam under working condition 4
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Fig. 12 First four orders of vibration modes of arch dam
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Fig. 15 Time history curve of typical measuring point

on the crown cantilever under working condition 4
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Fig. 16 Power spectrum of measuring point

B4 under working condition 4
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Fig. 17 Power spectrum of measuring points

B8 and B10 under working condition 4
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