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Increasing the structural damping of arch dams in the lower frequency range by means of several tuned liquid column
gas dampers (TLCGD) built-in at the crown is made evident in this paper.

The arch dam discretized on the basis of the finite element method. By the truncated modal analysis of the dam, the
first J<10 vibration modes are estimated and the natural frequencies and mode shapes are defined (Zienkiewicz and Taylor,
2000). In each mode, the nodes with maximum relative displacements in the cross section of the dam on the level of the
uplift is determined within the numerical program ANSYS. The locations of these nodes are determined with respect to the
fixed global coordinate system of the dam.

The control forces of the TLCGDs are defined by conservation of the momentum of the instantly displaced fluid mass in
the piping system (Chuan and Ziegler, 2009). The absolute acceleration of the center of mass of the fluid (commonly water)
is to be considered.

The equation of motion of the coupled system is approximately analyzed by substructure synthesis (Den Hartog, 1956;
Soong and Dargush, 1977). The light modal damping of the free standing dam is neglected. For dynamic analysis of the
coupled system during the seismic strong motion phase, modal synthesis is applied for the case of empty reservoir (i.e. at
low water level) to preserve the integrity of the dam in that critical situation (Editura Academiei, 1977). Hence, neither the
hydrostatic pressure nor the hydrodynamic effects in the reservoir are considered, and thus the radiation damping into the
water is absent.

The equation of motion of an incompressible liquid in the rigid and sealed piping system moving with the dam is
described with regard to the piston theory of relative flow by a generalized (non-stationary) Bernoulli-type equation with
quasi-static gas compression taken into account (Ziegler, 1995; Ziegler, 2008).

The substructure synthesis of the coupled system is (approximately) studied and the equations of motion are given
in matrix form. By transferring the problem setting into state space and following a standard optimization procedure
(fminsearch of Matlab), the optimal parameters of TLCGDs (eigen frequency and damping) are defined (Hochrainer and
Ziegler, 2006). Conclusions of this research are as follows:

- The response analysis of the coupled system shows the effectiveness of the absorbers for decreasing the deformations
of the dam under severe seismic excitation;

- Upgrading the structural damping of existing arch dams, by proposing passive TLCGDs to be coupled as seismic
passive vibration control system;

-Modal analysis synthesis of the coupled system for several vibration modes is presented and the procedures of
optimization, including fine-tuning of TLCGDs are described;

- Modally equation of the coupled system of dam with TLCGDs for several modes is expressed and the elements of
state space are presented.

REFERENCES

Den Hartog JP (1956) Mechanical Vibration, McGraw-Hill

7=\ International Institute of Earthquake Engineering and Seismology (IIEES) I 357



Editura Academiei (1977) Design of Arch Dams, United States, Department of the Interior, Bureau of Reclamation, Denver
Colorado

Fu CH and Ziegler F (2009) Vibration Prone Multi-Purpose Buildings and Towers Effectively Damped by Tuned Liquid
Column-Gas Dampers, Asian J. Civil Engineering (Building and Housing), 10 (1): 21-56

Hochrainer M and Ziegler F (2006) Control of Tall Building Vibrations by Sealed Tuned Liquid Column Dampers, Structural
Control & Health Monitoring, 13(6): 980-1002

Soong TT and Dargush GF (1977) Passive Energy Dissipation Systems in Structural Engineering, State University of New
York at Buffalo, John Wiley & Sons

Ziegler F (1995) Mechanics of Solids and Fluids, Second Edition, Springer - Verlag

Ziegler F (2008) Special Design of Tuned Liquid Column Gas Dampers for the Control of Spatial Structural Vibrations,
Acta Mechanica, 201, 249-267, ISSN 0001-5970

Zienkiewicz OC and Taylor RL (2000) The Finite Element Method, 5" edition, Butterworth-Heinmann, McGraw-Hill

358 N [niernational Institute of Earthquake Engineering and Seismology (IIEES) &m\



