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Abstract A liquid storage tank is one of the most important structures in industrial complexes dealing with chemicals,
and its structural damage due to an earthquake may cause a disastrous event such as the leakage of hazardous
materials, fire, and explosion. It is thus essential to assess the seismic fragility of liquid storage tanks and prepare
for seismic events in advance. When a liquid storage tank is oscillated by a seismic load, the hydrodynamic pressure
caused by the liquid-structure interaction increases the stress and causes structural damage to the tank. Meanwhile,
the seismic fragility of the structure can be estimated by considering the various sources of uncertainty and calculating
the failure probabilities in a given limiting state. To accurately evaluate the seismic fragility of liquid storage tanks,
a sophisticated finite element analysis is required during their reliability analysis. Therefore, in this study,
FERUM-ABAQUS, a recently-developed computational platform integrated with commercial finite element and
reliability analysis software packages, is introduced to perform the finite element reliability analysis and calculate the
failure probability of a liquid storage tank subjected to a seismic load. FERUM-ABAUS allows for automatic data
exchange between these two software packages and for the efficient seismic fragility assessment of a structure. Using
this computational platform, the seismic fragility curve of a liquid storage tank is successfully obtained.

Keywords : Finite element reliability analysis, Fragility curve, Liquid storage tank, Liquid-structure interaction,
Seismic fragility
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Fig. 3. Liquid storage tank model for ABAQUS
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Table 1. Material properties of the liquid storage tank model

Material Density (kg/mz) Young’s modulus (GPa) Poisson’s ratio
Steel 7850 203.395 0.3
Gasoline 680 -
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Table 2. Detailed information of input ground motions[3]

1:‘/,‘;1 Name Earthquake event/Location Magnitude Date Soil type Di(i{t;n;e accgl/%.;ion (gZI/:;_I)
Set01-01 | Bucharest/Romania 6.40 3/4/1977 Rock 4 -1.906 0.275

Set01-02 | Erzincan/Turkey Unknown 3/13/1992 Stiff soil 13 -3.816 0.382

Low Set01-03 | Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Alluvium 8 -1.173 0.634
Set01-04 | Kalamata/Greece 5.50 9/13/1986 Stiff soil 9 -2.109 0.657

Set01-05 | Kocaeli/Turkey Unknown 8/17/1999 | Unknown 101 -3.039 0.750

Set02-01 | Aftershock of Friuli/Italy 6.10 9/15/1976 Soft soil 12 -0.811 1.040

Set02-02 | Athens/Greece Unknown 9/7/1999 Unknown 24 -1.088 1.090

Intermediate Set02-03 | Umbro-Marchigiano/Italy 5.80 9/26/1997 Stiff soil 27 -0.992 1.108
Set02-04 | Lazio Abruzzo/Italy 5.70 5/7/1984 Rock 31 -0.628 1.136

Set02-05 | Basso Tirreno/Italy 5.60 4/15/1978 Soft soil 18 0.719 1.183

Set03-01 | Gulf of Corinth/Greece 4.70 11/4/1993 Stiff soil 10 -0.673 1.432

Set03-02 | Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Rock 32 -0.667 1.526

High Set03-03 | Aftershock of Montenegro/Yugoslavia 6.20 5/24/1979 Alluvium 16 -1.709 1.564
Set03-04 | Aftershock of Umbro-Marchigiana/Italy 5.00 11/9/1997 Rock 2 0.412 1.902

Set03-05 | Friuli/Italy 6.30 5/6/1976 Rock 27 3.500 1.730
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SNEG, (fraction = -1.0)

(Avg: 75%)

+1.000e+06

A

Max:
+3.182¢+08

Fig. 5. Von Mises stress distributions

(a) Nonlinear dynamic analysis (Set01-03, 0.4g
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Fig. 6. Von Mises stress distributions

(a) Nonlinear dynamic analysis (Set02-03, 0.4g

PGA) with oscillating liquid

722

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.182+08

000106 Max:
+1.379e+08

ES

(b) Static analysis with non-oscillating liquid

S, Mises
SNEG, (fraction = -1.0)

(Avg: 75%)
27708108
Rt
330er08
+2.080e+08
+1.850e+08
+1.620e+08
+1.390e+08
+1.160e+08
+9.300e+07
7 30er07
7 0er07
ioerer
‘Toooeros  Max:
+1.379¢+08

(b) Static analysis with non-oscillating liquid



o

24 4 B8 AAAgRAL A2 At H7}

S, Mises

SNEG, (faction =-1.0

(Avg: 75%)
+2.5740+08

+1.000¢+06

S, Mises.
SNEG, (fraction = -1.0)

+1.000¢+06

Max:
+1.379e+08

Max:
+2.574e+08
A A
Fig. 7. Von Mises stress distributions
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Table 3. Material properties of the liquid storage tank model
Random variable Distribution type Mean (MPa) Coefficient of variation
Young’s modulus Normal 203.395x10° 0.03
Yield strength Normal 248.210 0.07
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