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ABSTRACT

A three-dimensional simplified model is presented for conducting seismic fragility assessment of the spherical liquid storage tank. The proposed model consists of concentrated fluid mass assigned to the beam-column element through rigid links. Before conducting fragility analysis with the simplified model, its validation was done by comparing seismic analysis results through FSI (fluid-structure interaction) model. FSI model is characterized liquid element that can exhibit proper fluid-structure interaction and sloshing behavior. Seismic behavior of the simplified model and FSI model was studied at different filling state. Time history analysis was performed for 50% and 80% filling state to compare seismic base shear and overturning moment results for the simplified and FSI model. Once the seismic results were checked and validated, fragility analysis was carried out by the simplified model. A set of 18 different ground motions were selected from the historic earthquake database. Nonlinear time history analyses were performed to obtain strength of spherical storage system at different limit states. Finally, fragility curves were developed based on the maximum likelihood estimation approach with respect to defined strength limit states. 
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1l Introduction

Q Athree-dimensional simplified model is presented for conducting seismic fr
agility assessment of the spherical liquid storage tank.
QThe simplfied model is verified by the comprehensive seismic analysis by u
sing =
P

fluid-structure interaction model.
QModal and time history analysis were performed for the storage tank at diffe

ront  fling state.
Q0nce the simplifed model is verified seismi fragilty analysis is cartied out Foyscal Probem Smplified modeing ) Fagiiy cune
through nonlinear simplified model using 18 sets of natural ground motions.
QFragiity curves at difierent damage limited sates are presented Procedure for sequential analysis

I Materials, models and methods

Qlin FSI (ANSYS) model ,the finite element material used are SHELL281 ,FLUID80 and BEAM188 .

Qi simplified (SAP2000) model ,beam element is used with rigid links and the bracings are assigned a
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Equivalent Shell lhickness 15 mm Ta hs1cr ralvels:
‘Column height 1036 o
Column cross -scction 1246096 X 14| mm [ Grouna moton sefecton (PEER) | | Damage it sat otnton |
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[ Dynamic behavior and seismic response results
N\ Ssloshing response N

/X impulsive response

% Modal analysis is carried out for
10% to 90% filling state.

J The first sloshing frequency gradually increase with
the filling volume of the tank.

+# The second and third modal frequency rapidly
change at lower and higher filling state that is

% For the filling state of 40% to 90%
below 30% and above 80%.

there is no significance difference
on impulsive frequency results of
FSl, simplified model and simple
structure analysis method.

11t can be concluded ,simplified model |
is valid for filling state of (H/R) of 0.8
to 1.6 where H is filling height and R '
is radius of tank.

Rist three impulsive mode shapes for 85% filling state

= Time history results charts
sloshing frequency at different fling %

N Time history analysis Yeiatn oo rancy or it ing it

QArificial ground acceleration is generated and applied as horiz
ontal earthquake load in both FSI and simplified finite element
models. S T e
HIPGA(D.1544) for the rock base ground site s 2 I el

e (g S
peal (s 50% filing state resu
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\___ Maiched spectrum and simusted ground motion Lk " o ting state i
I Fragility analysis T Conclusions
¥ 18 sets of natural ground motions were scaled to PG.A of 0.154g ,(suitable| N pynamic behavior showed that the simplified model results are well
for the concerned site). agreed with FSI model results and general structure analysis calculated
results.

FrLimit states were set for different performance level and NL time history
analysis is performed.
¥ Fragility curves were developed by maximum likelihood method.

Seismic analysis result showed 11% result difference between FS| and
simplified models.

X When the design earthquake (0.154 )PGA occurs the probability of
damage is 0.0%.

N Fragility curves result shows, seismic damage of support by exceeding
stress limit of support is susceptible.
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Welcome

On behalf of the Anti-Seismic Systems International Society (ASSISi) and the Russian
Assodiation for earthquake engineering and protection from natural and manmade

hazards (RAEE) we warmly invite you to join us in St. Petersburg, Russia, on 1-6 July 2019 for

the 16th World Conference on Seismic Isolation, Energy Dissipation and Active Vibration
Control of Structures.

We believe this conference presents a unique opportunity for sharing the
latest international earthquake engineering knowledge and we encourage you to start
planning your contributions and attendance at the conference.

Please note the key dates for abstractand paper submission. As the conference date
draws closer the website wil be updated with details of the keynote
speakers, programme and other conference activities.

At the same dates in the parallel session the Xill Russian National Conference on
Earthquake Engineering and Seismic Zoning will be held

We look forward to welcoming you allin St. Petersburg!

Important Dates

Abstract Submission Deadline - 01 december 2018
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