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PhD Dissertation

Seismic vulnerability assessment and minimization of seismic risk
of fuels storage tanks

by Alexandros D. Tsipianitis

Abstract

Largescale storage tanks are used worldwide for the safe stomagiofisliquids. Rectangular

and cylindrical, concrete or steel, storage tanks are constructed for storing water, hazardous
chemicals, liquefiedhatural gas (LNG) and oil. In general, there is a variety of tank types
regarding the liquid content, the shape and their positien nderground, abovground,
elevated). On the other hand, many such tanks have been constructed in areas with high
seisgnicity. Severalseismic events have shown thadotential damage of these critical
infrastructures can cause leakageglosions and fireén order toavoidserious environmental

and socieeconomicconsequences, the optimum aseismic design of liquidgaaianks is of
paramounimportance. In addition, it should be noted that liquid storage tanks, due to their

importart rolein servng basic needs, should remain functional even after a severe earthquake.

Cylindrical steel tanks are widely used for stgril and LNG. During an earthquake,
liquid storage tanks exhibit different seismic behavior compared to ordinary structures (i.e.,
buildings) due tadynamicliquid-tank-soil interaction phenomena. More specifically, liquid
storage tanks are subjectednertial earthquake loads and hydrodynamic pressures. The main
damages of liquid storage tanks are related to buckling phenomena of tankywedégly in
the form of "elephantoot” and "diamoneshape" buckling types, while roof damages can be
caused dueo sloshing. In addition, kinematic type distress (i.e., liquefaction phenomena in
coastal areas) caalsocause problems to liquid storage tanks esldtedindustrial facilities.
Severalnormshave been proposed for the aseismic design of liquid stéaagge (such as
Eurocode 8 in Europe, ITKGSDMA in India, AP1650 in USA,among othefs The basic aim

iX



of thesecodes-in thecontemporary frameworsf performancebased designs the avoidance
of severe damages even for extreme seismic events, dueadvitrseon the population and

the environment.

Simple measuresf the seismic protection of liquid storage tamksudeincreased
tank wall thicknessndstiffening rings for the avoidance of buckling phenomena. In addition,
baseisolationschemes argnplementedjn which isolators are installed between the base of
the superstructure and the foundation. Generally, the foundation type of storage tanks depend
on various parameter®.(., soil characteristics, topography, tank constructigpe, use of
anchors, etc.). In any case, ground deformations should be limited. Many researchers have
studial the seismicesponsef liquid storage tanks, investigating the hydrodynamic-ankd
interaction.The majority of theestudies have considered the stasetfixedatits basewhich
is not always a realistic repr@dation In general, the realistic and reliatdssessmermnf
seismic vulnerability and thainimization ofseismic riskof such critical facilities consists an

importart and continuously devegbing research field.

Consequently, ithisdoctoral thesisbased ommn extended literatureview soil-tank
liquid interaction phenomerieve been elaborately examingi efficientnumericatools and
finite element modeldn this way, he dynamic esponse and seismic vulnerabildylarge
scale tankdhave been assessddoreover,efficient seismic protection measurdsased on
seismic isolation and supplemental dampir@ve been proposed utilizingdvanced
optimization methods. Catusivdy, the seismic vulnerability and the minimization of seismic

risk of liquid storage tanks consist the meamtributionsof the present doctoral dissertation.

More specifically, the seismic vulnerability of liquid storage tanks isolated by various
types @ friction isolators has been studied in terms of isolators maximum displacement
capacity. The tanks are baselated via Single Friction Pendulum Bearings (SFPB), Triple
Friction Pendulum Bearings (TFPB), as well as Quintuple Friction Pendulum Be&irgBJ.
In addition, the impact of global damping on the seismic vulnerability otisatsed storage
tanks has been examined. More specifically,
extensively investigated in liquid storage tanks isolated by SHPBFEB. According to
relevant studies, i f gl obal damping is not ¢

|l eakageodo can significantly affect the result

Another goal of this doctoral research is the systematic investigation of the dynamic

interacton soittank. It is a very complex phenomenon that needs extra attention in any problem

X



in structural dynamics, especially for critical infrastructure such as liquid storage tanks.
Accordingly, various parameters were examined, such as the frictiorcea@fht the interface
between tank base and foundation, the tank slenderness ratio, the liquid filling percentage, etc.
The current study has also been focused on the seismic vulnerability assessmensofdtade

storage tanks with supplemental vissa@ampers. More specifically, a storage tank with SFPB
devices and supplemental linear viscous dampers has been used to investigate the impact of
additional damping percentage on the vulnerability of the isolators, the superstructure

accelerations and damphysteretic curves.

In addition, a significant part of this doctoral research has been devoted in establishing
novel optimum design formulations of baselated storage tanks. The first approach
examined the isolators optimization of basa@ated tank using standard, enhanced and hybrid
evolutionary optimization algorithms. The second methodology constitutes a combined
approach aiming to concurrently optimize both isolators sizing parameters and placement
utilizing Cuckoo Search (CS) optimization atgbm. Lastly, an efficient mukobjective
optimization formulation is proposed for baselated liquid storage tanks with supplemental

viscous dampers.
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