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Fig.1 Fig.1 Schematic illustration of a small-scale tank.
The tank in the figure is tm5 (Tank No.11).

Table 1 Specifications of the small-scale tanks used in the analyses.

Height of | .. . Thickness of | Natural | Natural | Natural .
Tank T Capacity shell Diameter Thickness of annular plate | angular | period of | period of Helgh_t
No. ank [CU] plate(H) © H/D | lowest shel or bottom | frequency | bulging | sloshing of fluid
(cm) plate(cm) (cm)
__(cm) plate(cm) (rad/s) (s) (s)
1 tg19 900 1142] 1064 1.07 0.6 0.6 39.5 0. 3.42 984
2 0 693 12185 1 1.40 0.45 0.6 34.1 0. 3.09 1139
3] tg25 750 1521.5 32 .83 0.6 0.6 25.6 0.2 3.02 1400
4] tg27 600 1142 71 .3 0.45 0.6 41. 0.15 309 992
5| tg34 500 1445 77 2.13 0.6 0.6 1.8 0.23 2.72 1378
6] tg53 935 1596.5 918 .74 038 0.6 9.4 0.2t 3.17 1396
1 500 764] 967 0.79 0.45 0. 62.5 0.10 .27 669
8| tk102 600 1218] 871 1.40 0.6 0.9 .3 0.17 .09 1088
9] tk103 90 15225] 967 1.57 0.9 0.9 2 0.20 .25 1335
10| tk401 95 1244.5] 1065 1.17 0.9 0.9 36.6 0.17 .42 1178
11 tm5 95 1214.5] 1065.6 |1.14 0.6 0.6 32.6 0.19 3.42 115
12{ tm59 500 1140] 775 A7 0.45 0.6 38.2 0.16 2.91 1059
13] _tnl6 600 957.9 900 .06 0.45 0.6 43.5 0.14 3.14 944
14 tn5 620 08.3] 9652 1094 0.6 0. 6. 0.11 3.26 847
5|  ts67 995 1216.5] 1064 1.14 0.6 0. 2.5 0.19 341 11234
6 ts69 500 914 871 1.05 0.45 0. 50.8 0.12 3.09 839
7| tank 1800 1800 1441.5] 1296 1.11 0.8 1. 29.0 0.22 3.77 1364.5
—_ 17 —
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Table 2 Seismic records used in the analyses.

Earthquake (Year) Direction Duz:;non Max.(:;«zlz‘)atton
El Centro (1940) NS 53.48 341.7
El Centro (1940) EW 53.48 210.1
Ef Centro (1940) UD 53.48 206.3
Hachinohe (1968) NS 51 229.7
Hachinohe (1968) EW 51 180.2
Hachinohe (1968) UD 51 114.2
Taft (1952) NS(N21E) 54.28 152.7
I Taft (1952) EW(S69E) 54.28 175.9
Taft (1952) UD 54.28 102.9
Tohoku (1978) NS 40.96 258.1
Tohoku (1978) EW 40.96 203.4
Tohoku (1978) UD 40.96 152.8]
Shinkobe (1995) NS 20 510.7
Shinkobe (1995) EW 20 584.3
[Shinkobe (1995) UD 20 495.3

Table 3 Material properties used in the model for the
analyses.

1Part Property

Tank Yield Stress

Poisson's ratio

Young modulus
Strain—-hardening exponent

Density
Foundation {Spring constant 288.12IN/cm’®
Fluid Specific gravity 1
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Fig.2 An example of FEM model of a tank.
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of the spring element used in the analyses.
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Fig.4 Acceleration records used in the analyses.
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Fig.5 An example of uplift motion of a tank subjected to
an earthquake ground motion. Displacement is
magnified by the factor of five.
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Fig.6 Vertical displacement of the tanks subjected to the earthquake ground motion of Shinkobe 1995. Each tank is fully
filled with the fluid. Vertical displacement is measured at one of the point on a bottom plate of each tank, which
gives maximum vertical displacement for the duration of the earthquake motion.
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Fig.7 The number of times of uplift motion of tanks
subjected to the earthquake ground motion of
1995 Hyogo-ken Nambu earthquake.
Relative height of the fluid is varied from
full(100%) to half(50%) of the tank.
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Fig.8 Maximum height of uplift motion of tanks subjected
to the earthquake ground motion of 1995 Hyogo-
ken Nambu earthquake.

Relative height of the fluid is varied from full (100%)
to half(50%) of the tank.

Table 4 Ratio of the uplift length in the radial direction to the radius of the tanks.

The earthquake ground motion subjected to the tanks is Shinkobe 1995.

Ratio of height of fulid to the height of shell plate of tank(HL)
Tank Tank
Capacity | Radius
Tank (kh) (cm) [HL=100% |HL=90% HL=80% HL=70% HL=50%
tg34 500 338.5 0.19 0.32 0.22 0.32 0.25
tg9 500 483.5 0.22 0.32 0.18 0.39 0.32
tm59 500 387.5 0.21 0.32 0.22 0.32 0.38
ts69 500 435.5 0.18 0.32 0.22 0.39 0.26
tg27 600 435.5 0.18 0.32 0.18 0.32 0.22
tk102 600 435.5 0.25 0.32 0.31 0.32 0.33
tn16 600 450 0.18 0.32 0.22 0.32 0.26
tnS 620 482.6 0.18 0.32 0.22 0.32 0.26
tg20 693 435.5 0.18 0.32 0.18 0.32 0.22
tg25 750 416 0.17 0.31 0.18 0.32 0.25
tg19 900 532 0.17 0.31 0.18 0.30 0.19
tg53 935 459 0.15 0.26 0.17 0.32 0.22
tk103 990 483.5 0.19 0.23 0.23 0.34 0.28
tk401 995 532.5 0.21 0.31 0.24 0.31 0.25
tm5 995 532.8 0.14 0.31 0.18 0.31 0.17
ts67 995 532 0.21 0.31 0.22 0.31 0.25
tank 1800 1800 648 0.20 0.21 0.25 0.25 0.25
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Fig.10 The number of times of uplift motion of tanks
subjected to the seismic wave.
Five earthquake ground motions shown in
Table2 were subjected to the tanks.
Height of fluid is at the height of full capacity of
each tank.
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Fig.11 Maximum height of uplift motion of tanks
subjected to the seismic wave.
Five earthquake ground motions shown in
Table2 were subjected to the tanks.
Height of fluid is at the height of full capacity of
each tank.
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Table 5 Ratio of the uplift length in the radial direction to the radius of the tanks. Each earthquake ground motion shown in the
table was subjected to the tanks. Height of fluid is at the height of full capacity of each tank.

Earthquake records
Tank Tank
capacity | radius

Tank (kI (cm) | Shinkobe | El Centro| Hachinohe |  Taft Tohoku
tg34 500 338.5 0.18 0.18 0. 0.17 0.18
tg9 500 483.5 0.25 0.18 0. 0.15 0.18
tm59 500 387.5 0.18 0.18 0. 0.18 0.18
ts69 500 435.5 0.26 0.18 0.18 0.18 0.18
tg27 600 435.5 0.18 0.18 0.1 0.18 0.18
tk102 600 4355 0.26 0.25 0.2 0.18 0.26
tn16 600 450 0.18 0.18 0.18 0.17 0.18
tnd 620 482.6 0.18 0.18 0.17 0.17 0.18
tg20 693 435.5 0.18 0.18 0.18 0.17 0.18
tg25 150 416 0.18 0.18 0.17 0.15 0.18
tgl19 900 532 0.18 0.17 0.17 0.17 0.17
tg53 935 459 0.18 0.17 0.17 0.11 0.18
tk103 990 483.5 0.23 0.23 0.23 0.18 0.23
tk401 995 532.5 0.24 0.18 0.18 0.17 0.18
tm5 995 532.8 0.17 0.17 0.17 0.11 0.17
ts67 995 532 0.23 0.18 0.18 0.17 0.18
tank1800| 1800 648 0.18 0.17 0.17 0.17 0.17
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Fig.5 Strain hardening parameter H’ in stress - strain
curve

£ (SL.5)

1.5 om

N

™~

e (2 e (0)

Fig.6 Position of strain ¢ in fillet weldingjoint
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e (S1.5) : strain of position separated from ¢ (51.5) 2mm

Table 1  Specifications of small scale oil storage tank analysed in FEM

. Liquid Specific Thickness Uplift
Volume | Diameter ) i .
Tank No. (kL) (mm) Height | gravity of tb—ts displacement
(mm) Liquid (mm) 0 g (mm)
TS50 1,035 9,140 15,277 1.061 6-6 57.76
TS71 1,000 10,640 11,274 0.899 9-6 138.56
TR3 610 9,670 8,200 0.808 6-4.5 141.30
TK103 990 | 9,670 12,910 0.79 9-9 137.70
Table 2 Mechanical property of tank material used in FEM
SS400
Yield stress Oy 235 N/mm?
Poisson ratio v 0.3
Young' s modulus E 206,000 N/mm?*
Strain hardening parameter H’ 0.03E
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Table 3 Mechanical properties of tank material used in low-cycle fatigue test

Thickness Yield stress O, | Teisile strength | Elongation (%)
(mm) (N/mm?) O (N/mm?)
Shell plate 9 312 460 25
Bottom plate 6 321 446 25
9 202
i ——

e ,
| - J

Fig.11 Schematic illustration of specimen for low-
cycle fatigue test (unit: mm)
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Table 4 Results of tensile test

Gage Final Initial Final Reduction Yield Teisile
length length cross—sectional cross—sec{ional of area stress | strength
Iy I; area area 0] gy Og
(mm) (mm) A, (mm?) A (mm?) (%) (N/mm?) | (N/mm?)
D1 31.29 4294 35 12.59 64.02 336 4704
D2 29.55 47.26 35 15.31 56.25 341.6 4732
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Fig.1 Openning windows of the earthquake damage estimation system
Estimated damage, legend, attribute in a mesh and/or total damage are shown in @, @, and &,

respectively. Area and epicenter can be set up in @.

In @, hypocenter, earthquake magnitude, and occurrence time can be input.
® shows the menu, in which we select a kind of damage and displaying conditions, etc.
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Fig.2 Comparison of the seismic intensity evaluated
by the present system with the one due to
questionnaire
(a) 1993 Nihonkai-Chubu earthquake (b) 1993
Kushiro-Oki earthquake (¢} 1994 Sanriku
Haruka-Oki earthquake
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Fig.3 Epicentral distribution of the main shock and
aftershocks of the 1994 Sanriku Haruka-Oki
earthquake (after JMA, 1995)
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Fig.5 Comparison of damage estimated by the present system with the one observed for the past earthquakes in

Japan.
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Fig.2 Comparison between the observed and the estimated distribution of seismic intensity of the 1995
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Fig.3 Comparison of the estimation for ground motions and earthquake damage with and without the
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(c) Ground motion distribution using seismic intensity

(d) Damage estimation using seismic intensity
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damage "’ - contour lines at every 30 minutes (right).
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Development of Emergency response Support System of Earthquake Disaster for
Countermeasures Headquarter of Local Government

H, KM EE

Zhexin HU , Makoto ENDO, Shinsaku ZAMA

In order to support prompt establishment of initial response in large-scale earthquake disasters like the Great
Hanshin Earthquake happened in 1995, various information systems which aim mainly on “Identifying Damage

Situation” have been built. However,

“Identifying Situation” is no more than one of the necessary conditions for

prompt and appropriate response. We propose a comprehensive information system which provides support

information not only for “ldentifying Damage situation”,

but also for “Decision-making™ and “Implementing

Solutions™. This paper describes the outline about development of the system.

Key Words :
assessment, Resourse management
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