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Fig. 1  Outline of the observation system.

V: velocity type seismograph. V1—in the soil.
V2—on the cylindrical surface of the tank.

P : dynamic hydraulic pressure gauge.

S : liquid-level meter.
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Fig. 2 Velocity seismograms of the 1984 Naganoken Seibu earthquake.
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Fig. 6 Observed sloshing wave height and dynamic pressure of the 1984 Naganoken Seibu earthquake.
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Observation of Liquid Sloshing of the Large Cylindrical Tank

(Abstract)

Shinsaku Zama, Hiroshi Yoshihara and Asamichi Kamei

(Received November 30, 1985)

Many studies associated with the sloshing of the liquid storage tank have been carried out
both theoretically and experimentally. However, it remains uncertain whether the results of
these studies are valid to the large liquid storage tanks, because the experimental studies were
limited to the small tanks and the theoretical ones were based on the several assumptions.

To clarify the sloshing behavior of liquid in a large tank, the observations of the sloshing of
the 10,000 Al water tank and of the seismic ground motion in the vicinity of this tank have
been carried out at Kawasaki since June, 1984, In this paper, we analysed the records of the
1984 Naganoken Seibu earthquake which caused the maximum sloshing wave height.

The results are summarized as follows;

(1) The observed natural periods of sloshing are equal to the theoretical ones up to the Sth
sloshing mode.

(2) The 2nd sloshing mode in the NS direction is so dominant that it cannot be neglected.

(3) Damping constant of sloshing is about 0.07%. This value is nearly equal to the one
used ordinarily.

(4) The method has been developed for the calculation of dynamic responses of the liquid
in a cylindrical tank subjected to three-dimensional excitations. The sloshing wave height and
the dynamic pressure calculated by the present method were compared with the observed ones.
From this comparison, a close agreement was obtained in both the waveform and the maximum
value.

(5) Thus, it was confirmed that the results of the past experimental and theoretical studies
were successful for the large liquid storage tanks within the small wave height (wave height/
diameter is about 1%).
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Table 1 Burning rate of Heptane and heat radiation from the flame in four sorts of dike fires.
Sort of dike fires Total mass burning rate* Burning rate (mm/min) Radiationz****
(kg/min) Dike** Tank (kcal/m? +h)

Dike fire without tank fire 18.6 5.1 1020

Dike fire with 4 floating- 33.2 (19.6) %

roof tank fires (13.6) 5.4 199w* 2000

Dike fire with 4 open-top 39.2 (24.1)

tank fires (15.1) 6.7 10.8 2300

Dike fire without tank 37.2 7.1 2290

*

Total of mass burning rate of Heptane on the ground and in 4 tanks.

Numeral in upper parentheses in second row shows mass burning rate of Heptane on the ground and
that in lower one shows total mass burning rate of 4 tanks.

*#*  Burning rate of Heptane on ground in a dike.

*** Based on open-ring shape area.
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(A) Dike fire without tank fire (Open circle) and dike fire without tank (Solid circle).
(B) Dike fire with 4 open-top tank fires (Open circle) and dike fire with 4 floating-roof tank fires

(Solid circle).
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Fig. 4 Isotherms in flames.
(A) Dike fire without tank.
(B) Dike fire with 4 open-top tank fires. {Two peaks type)
(C) Dike fire with 4 open-top tank fires. (One peak type)
(D) Dike fire with 4 floating-roof tanks fires.
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Fig. 5 Flame merging of four Q.8 m-open-top tank fires (S: Tank-tank space, V: Burning rate of Heptane).
This flame merging test4) differs from present dike fire test. Four tanks are not in a dike.
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Fig. 6 Dimensionless mass air entrainment based on Top hat profile assumption (A, : Mass air entrainment,
A: Mass air for stoichiometric combustion of Heptane).
(A) Dike fire without tank. Three different symbols show three tests in the same experimental

condition.
(B) Dike fire with 4 open-top tank fires. Four different symbols show four tests in the same

experimental condition.
(C) Dike fire with 4 floating-roof tank fires. Four different symbols show four tests in the same

experimental condition.
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Burning Characteristics of 2.7m Square Dike Fires

(Abstract)

Taro Yumoto

(Received November 30, 1985)

An experimental study was made to know burning rates of heptane in the dike area and
tank, temperature in the flame, heat radiation from the flame, and air entrainment into the
flame in 4 different kinds of dikes fires (dike fire without tank fire, dike fire with 4 floating-
roof tank fires, dike fire with 4 open-top tank fires, and dike fire without tank) using one 2.7 m
square-dike and four 0.8 m-floating-roof tanks under the following conditions: 0.6 m tank to
tank space, 0.25 m tank to dike space, 0.4 m tank height (above dike rim), and 0.78 m floating-
roof diameter.

The results show that the total mass burning rate of fuel and heat radiation in the dike fire
without tank are almost equal to these in dike fire with 4 open-top tank fires (Table 1 in the
text), and 4 flames from 4 open-top or 4 floating-roof tanks in the dike are merged into one
large flame during dike fires, and the air entrainment into dike fire with 4 tanks is less than that
without 4 tanks (Fig. 7 in the text).
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Table 1 Maximum temperature and time, temperature after 3 hours from heat test of fur-plywood inner

surface and irradiation equipment.

- n n e raulll ]
80 100 120 140 160
Distance from heating Surface (mm)

Fig. 7 Temperature distribution of specimen as a function
of time. (the left side)

.- Maximum temperature Time 3 hours after
Position of thermocouples o (hr,min) heat test (°C)
Right side (R) 56.9 5:35 §5.5
Front side (F) 56.5 6:45 54.6
Leftside (L) 56.6 7:05 54.7
Upper side (T) 59.1 6:15 56.0
Surface of irradiation equipment 53.2 10:15 47.7
Lead in irradiation equipment 53.0 12:15 43.5
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Fig. 8 Temperature distribution of specimen as a function
of time. (the upper side)
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Fig. 9 The time required for temperature rise of 5*C.
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Fig. 10  The time required for temperature rise of 5°C.
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Fig. 11 The horizontal section of the 43 cm height from

the bottom in regard. The dotted area is the part
of charred fur-plywood.
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Fig. 12 Relation between the distance from the outer
surface of fur-plywood to the measurement
point and the needed time the temperature

reached at a certain value.
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Fig. 13 Relation between the distance from the outer
surface of fur-plywood to the measurement
point and the needed time the temperature
reached at a certain value. (the upper side)
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Fig. 14 Relation between the maximum temperature and
the thermocouple-positions of fur-plywood.
The shadowed portion means the range of
measured value of charred depth. (the right side)
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Fig. 15 Relation between the maximum temperature and
the thermocouple-positions of fur-plywood.
The shadowed portion means the range of

measured value of charred depth. (the left side)
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measured value of charred depth. (the upper side)
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Fig. 17 Method of calculating for the ratio of
thermal conductivities of fur-plywood to
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Table 2 Thermal diffusivities of fur-plywood which temperature was less than 100°C during furnace test and
charred fur-plywood which temperature was less than 180°C.

Fur-plywood (cm?/sec)

Charred-plywood (cm?/sec)

R direction

L direction

T direction

0.0060 ~ 0.0090
0.010 ~ 0.013
0.0015 ~ 0.0027

0.0045 ~ 0.0070
0.0013 ~ 0.0025
0.0014 ~ 0.0022
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Fire Resistance of Radioactive Material Transportation Container
using Fur-plywood

(Abstract)

Sanae Miyazaki

(Received November 29, 1985)

The Transportation containers of radioactive materials are made of steel, lead, stainless
steel and combustible materials such as wood, fiber plate and so on. Recently, the containers
for medical irradiation equipment, which include combustible material, are manufactured.
Considering the fire accident during the transportation, the cylindrical test model with steel
plate cover was made using fur-plywood as thermal insulator and shock absorber. To simulate
the practical transport condition, the medical irradiation equipment was placed into it.

The specimen was put into the furnace of 800°C for 30 minutes, and the temperature
distribution was measured in the radial direction and axial direction. After the natural cooling,
the steel cover of container was taken off and the charred plywood was observed.

The maximum temperature of the irradiation equipment reached 55°C. This clearly
indicates that the container has the satisfactory fire resistance.

The charred fur-plywood had 19-23 mm deep on the part of 1id, 15-30 mm on the part of
radial direction. Nearly 13 percent of the whole fur-plywood was charred. The thermal
conductivity ratio of charred fur-plywood to non-charred one was about 3.

The thermal diffusivity of non-charred fur-plywood was 0.0015-0.0027 cm?/s for the lid
part and 0.006-0.013 cm?/s for the radial direction. On the other hand, the thermal diffusivity
for charred plywood was estimated to be 0.0014-0.0022 cm?/s for lid part and 0.0013-
0.007 cm?/s for radial direction.
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