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Purpose and Methods IHI
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In order to propose the soundness evaluation method
for storage tanks against large-scale earthquakes
Including tsunamis, the following activities are carried
Out.

Study for Tsunami Evaluation

Investigation for the feasibility of new evaluation
methods by SPH(Smoothed Particle Hydrodynamics)

Study for Seismic Motion Evaluation

Simulation by the nonlinear time history analysis when
the tank shell-to-bottom joint is uplifted.
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2. Damages of the storage tanks due to the tsunami  THI
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1.1 Tsunami of 2011 Tohoku Earthguake
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1.2 Examples of damaged storage tanks RIHIm
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1.3 Various types of damages

Typical damage for oil storage tanks
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1.4 Relationship between inundation depth and damage typesIHI
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No damage Damage of piping Damage of tank and piping
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2. Validation of the simplified evaluation method by FDMA THI
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2.1 FDMA method derived from the hydraulic model experiment

Cylindrical tank

Horizontal wave

pressure around h:lax(-g}: (}’}-}‘max Z P cosmo
: the tank m=0
¢ || Tsunami "
S // /.
e ay Tank self-weight
i / :- / /X"";h..u....
ﬂ'.ﬂgi‘? r h r
Frictional resistance force ; :
<;E a Vertical wave oressure
B h2*(8)= pfn...> g, cosmb
Fw > Frictional resistance force s Moving (Slldmg)
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Fw > Tank self-weight _ |
(including internal quuid)‘ Moving (Floating) ’
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2.2 Issues of FDMA method RIHIm
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2.2 Issues of FDMA method IHI
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Reliability of FDMA method : 80~90%

[ Case Study for Vertical Force Calculation ]

Overturning moment :
9 Overturning moment

Horizontal /@ /@

tsunami force Case A Case B
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r

Vi ALy Kﬂﬁ"ﬂ'l |

Vertical tsunami force

Case A: Vertical force is not applied.
(No inundation under the tank bottom)
Case B: Uniform vertical force is applied due to gradual inundation
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2.3 Case study for no damaged tanks IHI
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Tank-3 Tank-4
Actual Damage of Tank No damage No damage
350 kI fuel oil tank 110,000 kl Petroleum tank
Tank Outline 8m S k 81.5m E/\ 3
(o]
Actual Inundation Depth & z
c )
31 4.5t " rf ‘%1';: sl
TTTTTTTTT777 TITTTT77777777
Evaluation Results
M I I

The intrusion of tsunami water into the gap between the
tank bottom plate and foundation should be accurately
taken into account
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3. Prediction of damage due to tsunami for LNG tank IHI
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_ _ Depression of heat insulation
Single containment LNG tank capacity due to inundation
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4. Analysis between tsunami and tanks by SPH method IHI
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SPH (Smoothed Particle Hydrodynamics)

SPH calculates the hydrodynamic behavior modeling the continuous
media of the tsunami as an assembly of particles of water.
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4.1 Outline of FDMA experiment
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IHI
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4.2 Outline of IHI analysis model

of : Dimension of model tank
Inindation depth : 3.0 m Diameter (D): 20
aepth .o Wall height (H): 20 m
Flow velocity : 5.0 m/s \ H/D: 1.0
Diameter of particle: 500 mm T
N EEBROMER :1/100
07T 71T
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17

Copyright © 2013 IHI Corporation All Rights Reserved.



4.3 Comparison and validation between IHI analysis and IHI
FDMA experlment Realize your dreams

Tsunami pressure at tank lower part

Horizontal tsunami forces
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5. Conclusion IHI
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1) Existing assessment method has been verified by
IHI case study.

2) SPH method can be used to check the structural
Integrity of tanks against tsunami forces.

Remaining issues

1) How to determine an accurate initial condition of
the tsunami for analysis (including the effect of a
dike)

2) How to determine the vertical wave force
corresponding to the intrusion of water into the
gap between tank bottom and foundation
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1. Outline of oil storage tank -IHI
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2. Typical damage mode of oil storage tank due to earthquake ITHI
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3. Purpose of this study RIHIm
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4. Method of seismic response analysis IHdI
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4.1 Rocking analysis model
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4.2 Dynamic analysis model of mass-spring system IHI

Realize your dreams

mo: EFREE =
AUVERE=EHEERE = (A 7RIKRES))
. ® .. C, R REE (L)
My 2RO EEER (WL V)) IZHEIE =
AUOBRIREE HERKE =S (RIREELER)

g
— ’m,, C, m,: BHKEE (ROvSUS)

k

@ ) EEEEE S (DY)
A @ 10 S RESURSHORER!:
iy

’;;f}"://ff}" /

AyE2 T BT/ N\() =T TEM
527 [B1HE P10 BRI~ A b
(650 AN R HR11 ok A2 527)

2.5E+11
2E+11
73 — .
ﬁ¢$ﬁ':ET)l/ ~ 1.5E+11 e
g /_-.H
. 1E+11 /‘f
% S5E+10 r ———— (AW FEMARHT( I 2R
=
= o0 (IVFENTRRS (11 S FR)
I _SE+10 ol
1 &Y
% “1E+11 T T -
1.5E+11 — = 232 BE 52 )
|t
~2E+11 —— | SR
-2.5E+11
-0.002 —0.001 0 0.001 0.002

Copyright © 2013 IHI Corporation All Rights Reserved. 2270185546 (rad)



5. Analysis object tank and input earthquake motion

5.1 Outline of analysis calculated tank

Tank dimension

Material property

IHI
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Capacity (k) 110,000
Diameter (mm) 81,500
Height (mm) 24,000
Liquid height (mm) 20,688
Specific gravity of Liquid 0.841
Number of shell course 10

Material
JIS SPV490Q |JIS SM400B/C
Young's modulus E (MPa) 205,800 205,800
Poisson's ratio v 0.3 0.3
Yield stress (MPa) 490 235

Shell thickness and

material
(1st course — 8th cource)

JIS SPV490Q
36mm — 13mm

Shell thickness and

material
(9th course — 10th cource)

JIS SM400C
36mm — 13mm

Annular plate thickness

JIS SPV490Q

and material 21 mm
Bottom plate thickness JIS SM400B
and material 12mm
Coeff. of subgrad

oeff. of subgrade 294 N/om?

reaction
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5.2 Analysis model data
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Analytical condition

12 B INTGA—=5
my (kg) 6.517%10°
m, (kg) 1.860% 10’
Mass
m, (kg) 4187 x 10’
Iy (kg*cm2) 8551 x 10"
Height |hy (cm) 953
of mass | (cm) 1114
ko (N/cm) 5148 % 10"
ki (N/cm) 4403 %10’
i P N [T
kg1 (N*cm/rad)  [1.000x 10"
kg, (N*cm/rad)  |5.687x10"
Cy (N+s/cm) 3.715%10°
Damping |C; (N+s/cm) 5.724 X 10°
constant 1o, (N-s/em) 4786 X 10°
Cy (N-s/cm) 3.187%10"




6. Analysis result(Main quake, EW)
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Max. 409.9 Gal

Max. 840.9 Gal

Max. 1.016 x 10[rad]

Max. 7.45[cm]



6. Analysis result (After guake, EW)
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Max. 11.86 [cm]



6. Analysis result

(Maximum value)
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1" B AREEW ARENS SREEW SRENS
S EIEEG o (gal 409.9 473 .1 582.6 999.2
717.37sec 83.59sec 34.11sec 34.65sec
m, DS AN o 1 (gal) 840.9 761.7 1023.5 858.95
77.49sec 76.06sec 34.04sec 36.37sec
OwEs S EES (rad) 1.016E-03 71.898E-04 1.580E-03 1.072E-03
717.55sec 76.11sec 34.10sec 36.43sec
BACE LY (om) 1.45 5.70 11.86 71.88
77.55sec 76.11sec 34.10sec 36.43sec
MEREREEZEa 1/a o 2.051 1.610 1.757 1.433
it o 2.16 2.69 2.56 2.43
m,DIEZ AL (cm) 85.29sec 85.00sec 45.17sec 36.08sec
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0. Analvsis result
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6. Analysis result (Number of uplifting)
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7. Conclusion IHI
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1) The uplift behavior of the tank shell-to-bottom
joint during the large-scale earthguakes could be
simulated by the nonlinear time history analysis
using a mechanical model of mass spring system.

2) The uplift of the tank shell-to-bottom joint was
observed several times during the artificial
seismic wave predicted in the future, and the

maximum displacement by uplifting is about
12cm.
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