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Abstract. This paper aims to describe the seismic performaricircular oil storage tanks by
calculating the total base shear induced from eadismic horizontal acceleration:
magnitude varies between 6 and 8, and depth fraem @ 35 km. Time-history analysis has
been made considering that the stresses are nakedxat the same time. The equations used
are in accordance to Eurocode 8 and for the resp@ectra seven different accelerograms
of seven different stations have been consideré@ main objective is to provide an
approach that describes many important seismimastin tanks as well as their implications
for the dynamic analysis of structural instabilipespite the area of oil being considerably
discussed, there are few studies on this topicraziB The results of the analysis show the
importance to study the dynamic action and itsctgfe
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Strong Motion Time-History for Storage Tanks bygsseven Different Earthquake Accelerograms

1 INTRODUCTION

This paper describes the seismic evaluation tirssty of circular oil storage tanks. It is
divided into two parts: seismic events studied stndcture response time-history. The former
shows the feature of the earthquakes and the lat&tes to the analysis of practice design
which helps to quantify the shear forces. Durinigree actions, the hydrodynamic impulsive
and convective forces induced due to the accederati liquid create stresses. These stresses
are not excited at the same time, because theahgieniods have different frequencies: in the
practice design it is common to sum the stressdgependently of frequencies, to the
disadvantage of the economy of the structure. ¢t @en considered seven seismic events
with similar characteristics — in terms of magnéuahd depth — in four different continents:
Asia, Australia, Europe and South America.

2 SEISMIC EVENTS CONSIDERED

For the evaluation of the time series for the agialyevents of magnitude between 6 and
8 (moderate and great events respectively) andhdiptm 0 km to 35 km (superficial
earthquake) have been considered. These eventbedier described in the following
paragraph. The events recorded have been madedaxrdhree instrumental orientations:
East-West, North-South and Up-Down. Only the hesiveeshown. In general, earthquakes of
possible engineering interest for this type of gsiglhave been considerate.

2.1 Time series of earthquakes

The accelerograms files are obtained from the E®ging Strong-Motion Database. The
characteristic events are defined in Table 1 bgeper geographical coordinates (latitude
and longitude), hypocentral depth, magnitude moni&Q), PGA and style of fault ruptures
that generate the seism.

Table 1. Time series of the seven earthquakes

Event Lat. Long. Depth Magnitude PGA Style_ of

[°] [°] [Km] (Mw) [cm/s] faulting
Portugal, 1969 35.97 -10.58 14.00 7.8 25.97 Oblique

Montenegro, 1979 42.24  18.75 5.00 6.2 142.27 Thrust
Greece, 1981 38.17 23.12 30.00 6.3 122.18 Normal
Turkey, 1999 40.81 31.19 10.40 7.1 119.94 Strike-sl
Iran, 2005 30.77 56.81 12.98 6.4 45.51 Thrust
Colombia, 2007 3.00 -77.90 28.98 6.8 0.02 Normal

Vanuatu, 2008 -19.81 169.06 34.32 6.4 1.74 Thrust

In Fig. 1 the seven accelerograms in the time-doraee shown. It is possible to see the
maximum acceleration for each event which corredpoto peak ground values of
acceleration. All accelerograms have been correasdg the “baseline correction” and
“frequency filtering”. The first removes large ersp more evident in the displacements,
which are caused by double time-integration; theosd removes unwanted frequency
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components caused, for example, by noise. The germiteria used preserves the
information to analyses based on fourier and p@pectra.
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Figure 1. Time-history for the earthquakes analysedData was taken from SeismoSignal©software
3 EVALUATION OF RESPONSE TIME-HISTORY

This analysis was conducted in accordance witlhptbeisions of EN 1998-4:2006 and a
comparative analysis of the obtained results isgred. The model used is the simple
mechanical model for the cylindrical tanks of easigplication. An example of a parametric
case study to fully understand the concepts wasngiv

3.1 Elastic spectrums

For the dynamic analysis, the lumped-mass modéhete by Housner (1954), is used.
This analysis represents the impulsive and conwectiodes of vibration of the tank-liquid
system which is modeled by two single-degree-ofdmm system. The impulsive and
convective natural periods and the total base stesashown in Zacchei and Brasil (2015).
The convective spectral acceleration is obtainemnfra 0.5% damped elastic response

spectrum and the impulsive spectral accelerationbtsined from a 2.0% damped elastic
response spectrum for welded steel (Fig. 2).
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Figure 2. Elastic response spectra [cnfls(left) and fourier amplitude spectra [cm/s] (right)

Figure 2 shows response spectra acceleration ¥@nsearthquakes for 2.0% damping —
only for the Turkey 1999 record, there is the s@eatceleration for 0.5% damped elastic. It
shows also the fourier amplitude spectra which destrates how the amplitude of the ground
motion is distributed with respect to frequencyfeetively meaning that the frequency
content of the given accelerogram can be fully meiteed. The maximum amplitude has at
frequency f = 3.69 Hz (T = 0.27 s). The impulsieripds for two cases to study have values
Ti = 0.18 s (for H/R = 3) and: F 0.04 s (for squat tank: H/R = 0.7). Both aretgdar at
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resonance phenomenon, which happens when the fregoé the applied loading equals the

natural vibration frequency structure (Clough amth&en, 1976). If resonance happens only
for the impulsive mode of the slender tank (firas€) the response will be about 2.3 times
higher.

3.2 Case study

The fixed-base cylindrical steel tank with roofedsas an example, has the following
input data: R = 5 m, H= 17 m (height of the tank), E = 2X1BIPa, s = 8 mm (uniform for
tank), p = 9 kN/n? (petroleum) andps = 78.50 kN/mi (mass density of steel). Fixed
geometrical properties have been chosen becausddaeof the study is to investigate the
behavior of the tank in function of the height bétliquid. The earthquake chosen is Turkey
1999, which gives the great demand (see Table @ gares a significant duration of 15.05 s
based on intensity of motion. In Fig. 3 the seismegponse time-history of the base shear of
the impulsive and convective component for sleradet squat tank is shown. The wall and
roof mass terms, in the equation of total baserslaea included in the impulsive component.
In the analysis it is proven that for the squaktme convective effect is more influent in
relation to the convective effect for slender tainkthe first case the influence can reach up to
58.5% of impulsive effect; in the other case it caach up to 4.9%. In Fig. 3 it is possible to
see that, for the squat tank (figure below), thesldurve is more visible.
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Figure 3. Seismic response for Turkey 1999 recordlpr two different tanks

Table 2 shows the possible maximum total respowseeéich event. It shows the
impulsive base shear {Qand the convective base shear)(®r two tank types. It is
important to say that the maximum value for each does not happen at the same time,
because the natural periods have different freqasndhe maximum impulsive response
acceleration occurs at time t = 3.58 s, insteadrtAgimum convective response occurs at t =
22.60 s (see Fig. 3). If the concomitance of tliect$ are not considered, the larger difference
in the total base shear happens with the squat watfka overestimate about 35.0%. This
overconservative estimate is common practice becwus more simple. It has been made by
Eq. A.37 of EN 1998-4:2006. In Table 1 it is possito notice that while the greatest PGA is
in the second event, the greatest seismic resperieethe fourth event. This is because the
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fourth event's frequency, which gives the greatepltude, is closer to the impulsive
frequency of the tank.

Table 2. Seismic response (the values are kN)

Portugal, Montenegro, Greece, Turkey, Iran, Colombia, Vanuatu,

1969 1979 1981 1999 2005 2007 2008
% x Q= 53201 1942.70 2525.62837.33 2211.14 0.19 74.15
% & Q= 26.09 1.30 79.63 102.15 8.23 0.00 0.53
‘§ x Q= 40.56 1058.17 184.10 180.43 72.05 0.11 3.45
) = e = 23.75 0.98 60.06 63.22 4.89 0.00 0.38

4 CONCLUSIONS

The records taken must be carefully analysed, kingaappropriate corrections and
focusing on elastic response spectra and fourigiarde spectra (for structure response and
energy content). About the event considered, e/éimey are with similar characteristics in
terms of magnitude and depth, the seismic respohsiee tank can be very different. The
maximum value for each one does not happen atdhe 4ime and because of this it is
necessary to be careful with overconservative egéim For the slender tank the impulsive
mode is predominant in respect to the convectivalenonstead for the squat tank the
convective mode can take important values. The blasar force can reach significant values
(of the order of 0.20 — 3.00 MN), for this reasdnid very important to analyse the
hydrodynamic stresses.
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