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Fig. 1. Propagation of SV incident wave
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Event Event date Station Epicentral Distance Registered PGA(g) Shear wave velocity
(km) Component (m/s)
PCDDWN 0.699
San Fernando ~ 1951/01/24 Pacoima dam 11.86 PCD164 1.226 2016.1
PCD254 1.16
VERTICAL 0.155
Taft 1952/07/21  Lincoln School 35 S69E 0.179 385.4
EAST-WEST 0.17
BOS-V1 0.085
Tabas 1952/07/21  Boshrooye70 74.66 BOS-L1 0.107 338.6
BOS-T1 0.089
Table 1. The characteristics of the used earthquake’s records
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Fig. 4. Rocking and torsional components of the San Fernando earthquake
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Model Daiameter  Height Thickness Ratio of
(m) (m) (mm) heght to
radius
A 3.05 1.2 9.53 0.4
B 3.05 3.05 9.53 1
C 3.05 6.1 9.53 2
D 3.05 9.15 9.53 3

Table 2. Geometric characteristics of the studied models

O3 5 dlw (obe Slasein ¥ J g

Viscousity Bulk Module Density
1.13 *10-* (N.s/m?) 2068.5 (kg/m°) 1000 (kg/m°)
Steel
Posson Ratio Density Module of Elasticity
0.3 7857 (kg/m°) 200 (GPa)

Table 3. Specifications of fluid and tank material Water
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. 10. Time history of tank crown displacement subjected to Taft earthquake loading (Models A, B, C, D, respectively)
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The maximum of horizontal | The maximum of the first ® MaximumShear Stress ®
displacement mm*10°3 = rincipal stress (MPa 2o MPa =
Earthquake P ) £ GEJ’ princip (MPa) £2 (MPa) £5
Model S & < S @
3- 5- £5 3 5- 5 3- 5- o g
Component  Component & complnent  component & Component  Component &
San Fernando 35.7 33 75 2.23 1.58 29.14 1.14 1.01 11.4
A Tabas 0.757 0.323 57.33 0.022 0.015 31.81 0.0126 0.01 20.63
Taft 1.05 0.508 51.64 0.043 0.0241 43.95 0.0229 0.016 30.131
San Fernando 96.2 86.6 9.98 5.76 4.23 26.56 3.09 2.75 11
B Tabas 1.54 0.881 42.79 0.028 0.0159 43.21 0.043 0.033 23.26
Taft 1.98 1.34 32.32 0.05 0.024 52 0.062 0.0449 27.58
San Fernando 386 349 5.59 13 9.18 29.38 6.24 5.55 11.06
c Tabas 4.37 35 19.91 0.042 0.0196 53.33 0.077 0.0569 26.1
Taft 7.15 5.42 24.2 0.069 0.0306 55.65 0.125 0.091 27.2
San Fernando 1113 1006 9.61 234 17.1 26.92 9.39 8.35 11.08
D Tabas 12.6 10.1 19.84 0.051 0.028 45.1 0.112 0.078 30.36
Taft 20.6 15.7 23.79 0.092 0.046 50 0.188 0.136 27.66
Table 5. Maximum values of horizontal displacement and principal stresses and shear stresses for empty reservoir
2O Sl s A s el Gla i (B O i polie iy N g
The maximum of horizontal ° The maximum of the MaximumShear Stress
displacement mm=*107) = first principal stress S o (MPa) 5o
Earthquake 25 (MPa) = £2
Model 5. 8 c 5. O 3 3 5. o B
3-Component s e °5 A
Component o complnent componen 2 Component  Component &
t
San Fernando 531 522 1.69 33 28.6 13.33 16.2 11.8 27.16
A Tabas 47.1 37.6 20.17 2.68 2.12 20.9 1.33 1.05 21.05
Taft 51.1 40.2 21.33 2.94 2.27 22.79 1.46 1.13 22.6
San Fernando 1399 1365 2.43 101 785 22.28 44.9 33 26.5
B Tabas 133 108 18.8 8.82 7.21 18.25 4.36 3.56 18.35
Taft 144 115 20.14 9.49 7.72 18.65 4.68 3.81 18.59
San Fernando 4222 4004 5.16 206 159 22.82 89.2 79.6 10.76
c Tabas 292 243 16.78 18.5 15.6 15.68 9.14 1.7 15.75
Taft 314 259 17.52 19.5 16.7 14.36 9.6 8.21 14.48
San Fernando 13865 12604 9.09 350 259 26 150 134 10.67
D Tabas 476 402 15.55 28.4 24.4 14.08 14 12 14.29
Taft 507 427 15.78 29.4 26 11.56 14.4 12.8 11.11

Table 6. Maximum values of horizontal displacement and principal stresses and shear stresses for full reservoir
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Fig. 11. The maximum displacement for San Fernando Earthquake
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Fig. 12. The maximum displacement for Tabas Earthquake
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Abstract:

The present study deals with the seismic analysis of cylindrical liquid tanks, taking the rotational
components of the earthquake into account for various ratios of reservoir height to diameters of tanks. While
defining actual kinematic behavior of any point requires incorporating the rotational components of ground
motions, as well as the translational components, however majority of studies ignore the effects of rotational
components. Here we propose a methodology to evaluate the rotational components of the earthquake based
on the translational components. Since the earthquake waves are mainly created by ground movements in
fault direction and such kind of movements leads to creation of the shear waves, potential functions of SV
and SH waves are used to evaluate the rocking and torsion components, respectively.

For this purpose, a transitional component of ground motion using frequency discrete Fourier transformed
to discrete frequency and G value for each frequency determined. Then, the incident angle of the wave was
calculated for each frequency. After determining the incident angle, Fourier spectrums of rocking and torsion
components of ground motion were calculated. Finally, the inverse of Fourier conversion time histories of
rocking and torsion components of ground motion were calculated. The methodology introduced to evaluate
time history of rocking and torsion components of ground motion was coded in MATLAB software. In order
to verify the proposed methodology, the rotational components of San Fernando earthquake were determined
based on the proposed model and compared to Li and Liang's results. The results differed only for about 3%
which could be attributed to the different wave velocities and incident angles. In Li's model, the incident
angle and apparent wave velocity was supposed to be constant while in the present study the incident angle
and apparent wave velocity were variable based on each frequency Then, the rotational components of San
Fernando, Tabas and Taft earthquakes were calculated based on the proposed model and the results were
used in dynamic analysis of the tanks. Finally, seismic analyses of cylindrical liquid tanks were presented to
evaluate the effects of rotational components on the seismic response of the tanks. The time history method
was employed for dynamic analysis of the structure considering fluid-structure interaction. The complete
fluid structure interaction was considered in analyses taking account the compressibility of fluid . Fluid
domain behavior implies small displacements of inviscid compressible fluid with irrotational motion. Water
compressibility has a significant impact on the fluid-structure interaction for a wide range of ratios in natural
frequencies of structure to fluid domain.

It is evident that the distribution of displacements and stress is very sensitive to the rotational components
of the earthquake. Applying rotational components of earthquake may alter the maximum displacement
values, as well as the pattern of displacements distribution in all three directions. Incorporation of rotational
components will lead to decreases in the maximum stress and displacement. This reduction in responses is
more obvious in the empty tanks. An increase in the height of the tanks can boost the effects of rotational
components on the structure. Results indicate that it is necessary to take rotational components of the
earthquake into account while designing and analyzing cylindrical liquid tanks.

Keywords: rotational components of earthquake, liquid storage tanks, fluid structure interaction, seismic
analysis
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