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Seismic Design Force for Rectangular Water Tank with Flexible Walls
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/] ABSTRACT /

The equivalent static load for non-structural elements has a limitation in that the sloshing effect and the interaction between the fluid and the
water tank cannot be considered. In this study, the equations to evaluate the impulse and convective components in the design codes and
previous research were compared with the shaking table test results of a rectangular water tank with flexible wall panels. The conclusions
of this study can be summarized as follows: (1) It was observed that the natural periods of the impulsive component according to ACI 350.3
were longer than system identification results. Thus, ACI 350.3 may underestimate the earthquake load in the case of water tanks with
flexible walls. (2) In the case of water tanks with flexible walls, the side walls deform due to bending of the front and back walls. When such
three-dimensional fluid-structure interaction was included, the natural period of the impulsive component became similar to the experimental
results. (3) When a detailed finite element (FE) model of the water tank was unavailable, the assumption 5,; =.5,,; could be used, resulting
in a reasonably conservative design earthquake load.

Key words: Rectangular water tank with flexible boundary, Sloshing effect, System identification, Finite element model, Design seismic
force
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Fig. 1. Dynamic analysis model of ACI 350.3 [3]
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2.3 Hashemi et al,[9]
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Table 1. Comparison of natural periods of empty tank

Natural periods (sec)
Mode
FEA System ID
1% Mode (x) 0.076* 0.074 ~ 0.076
2™ Mode (y) 0.075* 0.068 ~ 0.069
3 Mode (x) 0.037* 0.035 ~ 0.036
4" Mode (y) 0.034* 0.033 ~ 0.035

Table 2. Comparison of natural periods of full tank

Type Natural Period (sec)
Impulsive 0.333
System ID
Convective 0.494
Concentrated at 2 points 1.031
ACI 350.3+FEM Uniformly distributed 0.526
Cosine function 0.671
Hashemi et al. Uniformly distributed 0.334
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Table 3. Assumptions for calculation of AL, K, M,

liquid
Elastic modulus (E) 193,000 Adpa
Poisson’s Ratio (v) 0.29
Wall thickness 2mm
Wall density 7,930 kg/m®
Liquid density 1,000 kg/m®
horizontal vibration modes (m) 5
Vertical vibration modes (n) 15
Number of combined modes (K) 75

A Restrainted DOF : Translation displacement(Out-of-plane) | |
B Fixed support
r @ Restrainted DOF : Rotation displacements(Out-of-plane) |

3+ A 4
25+ 1
ol |
15 1
1+ |
05 1
0r | L] i i B
C

0 0.5 1 1.5 2 25 3

Height

Fig. 6. FE model of idealized tank wall
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Fig. 7. Spectral acceleration of implusive component (.5,,)
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