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1. Introduction

in general, low level radioactive waste is packed in drums and stored in a 
warehouse being piled vertically, or laid horizontally.
To observe the behavior of piled drums during an earthquake, an experimental 

study is reported in “Experimental Study on Seismic Stability of Drums Stored 
in the Facility of Contaminated Solid Waste" in the 8th SMIRT by Mr.Tsuchiya, 
et al.
The experimental study is carried out by means of parameter in most cases, 

and experiments will require considerable time.
Moreover, they will be limited by the vibrating platform capacity. To carry 

out these tests up to the supporting limit is not recommended, in view of the 
vibrating platform curing as well as the operators’ security.
Therefore, it is very useful to develop the analytical method for simulating 

the behavior of the drums.
In this report, a computer program of piled drum’s dynamic motion is shown, 

and the analytical result is referred to the experimental result.
From the result of experiment on piled drums, the sliding effect has been 

found to be very important for the stability of drum, and the rocking motion 
observed, showing a little acceleration is less than the static estimated value.
Contact condition between drums or drum and floor is very complex because of 

the roughness of the drum surface cousing rickety behavior, and the behavior 
is not explained by the simple geometrical condition.
Behavior of piled drums is a complex phenomena comprising of sliding, rocking 

and jumping.
Concerning a single drum, there are some reports to be considered in the 

phenomena above mentioned, but there are few papers concerning many piled drums.
The analytical program to be developed is considered the phenomena to be ob­

served in the experiment mentioned above.
By this program, behavior after collapsing can be solved and it is easy to 

judge the stability of piled drums.

2. Contents of Program

2.1 Features

Drums piled vertically or laid horizontally are secured by the gravity only. 
This program is to analyze the behavior of these piled drums during an 
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earthquake as well as their stability against it. The following features are 
to be considered :
1) Drum and pallet are treated rigid body as one element and some springs are 

supplied at the connecting points between elements automatically.
2) The three dimensions (floor, wall, and ceiling) have no form limitations, 

and may be uneven or inclined, and some fixing points in space can be supp- 
l ied.

3) As for friction coefficient, static, dynamic, and rolling friction are con- 
s i dered.

4) Some minute attached elements are provided on uneven floor surfaces or rigid 
body surfaces as shown in Fig. 1 so that the surfaces are not in perfect con­
tact. The natural unstable conditions are simulated thus.

5) Input of each element is inputed so as not to be in contact with other, then 
colocation will be made automatically with the gravitional balance of each 
element.

6) In case of collision of the elements, each element is judged mutually. 
Analysis after collapse is also possible.

2.2 Analysis Method

1) Modeling of impact force

A model of collision of drums was made as shown in Fig.2.
When 5 ij is positive, it is considered that there is a collision and the no­

rmal direction (n) and the sliding direction (r) are defined at the collision 
point. The springs are automatically generated in two directions “n” and “r” 
at the collision point. The force which the element (i) receives on the local 
coordinates is given Eq. (1) in case of Fig.2.(1).

Fnij = 
Frij = 
Mi j =

-Kij • i j + 2h • Am i j • Vnij + Kij • Vnij At )
Kr i j sij or u o Fnij • Sign (1.0, Vnij) ‘ ............ (1)
R। ♦ Fr i j )

Where Fnij : force which the element (i) receives from the element 
(j) in the direction “n”

Frij : force which the element (i) receives from the element 
(j) in the direction “r”

Mij : moment which the element (i) receives from the element 
(j)

Knij : spring coefficient at the collision point
(in the direction “n”)

Krij : spring coefficient at the collision point
(in the direction "r”)

h : damping factor
Vnij, Vrij : relative velocity at the collision point

(in the direction “n” and “r”)
Amij : 1/(1 / mi / Knij + 1 / mj / Knij)
8 sij : strain in the direction “r”

mi, mj : element mass of i and j
△ t : time step

As for the reaction force in the slipping direction, considering possible 
slipping, a nonlinear type spring will be prepared as shown in Fig.3
The function between the repulsion factor and damping factor is given by Eq. 

(2), in consideration of the viscose-elastic model.
The damping factor is calculated by the repulsion factor.
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(2)
/ h 7 

e = EXP ------------------------
1 V 1 - h 2

Where e : repulsion factor
As for the collision between the elements and between the element and the 

floor, the impact force shall be calculated in the same way, by judging mutually.

2) Rolling friction

Damping of rolling which damps the translation as well as the rotation simul­
taneously is expressed by Eq. (3)

I i . u R • I Fn I • Sign (1. 0, - 6 )

I i 6 =............................................... . .................................... .. .................................................................... .........................................................................  (3)
mi • Ri

MR: rolling friction coefficient
Fn : reaction force to normal direction 
li : rotational inertia

3) Behavior of each element

The collision between the elements and between the element and the floor shall 
be considered in the same way. Calculated values of the impact force and the 
contact force are converted to global coordinate.
The behavior of each element shall be calculated by Bq. (4) step by step.

mi x i = Z Fxi j - mi X

mi y i = 2 Fy i j - mi (Y + G )
(4)

1ie = ZMij

Where x, y, 6 : acceleration of the gravity center of element 
and rotational acceleration

Fxij, Fyij : external force at the collision point

X, Y : seismic acceleration 
G : gravity acceleration

4) Program flow

The Fig.4 shows the program flow.
Some physical values are obtainable as output by every time step. For example, 

acceleration, velocity, displacement and impact force, at the gravity center 
of each element and x, y, 0 -direction.
The behavior result will be output by means of animation.
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3. Analysis Example

The Fig.5 and 6 show the animation output of the following two cases : 
case 1 28 drums piled in 7 layers in triangular form

weight : 400kg
diameter : 56.7cm $ 
spring coefficient (drum,floor) : 106 kg/cm 
friction coefficient : static 0.4, sliding 0.2, rolling 0.02 
seismic acceleration : El centre NS max 2G 
vibrating time : 15 sec 
damping fanctor : 10 % 
time step : 1/1, 000 sec

case 2 drums and pallets alternatively piled in 4 layers
weight (drum) : 400kg 
weight (pallet) : 50kg 
size (drum) : 56. 7 p x 88cm 
size (pallet) : 130cm x65cm x 14cm 
spring coefficient : same as case 1 
seismic acceleration : El centro NS max 1G 
vibrating time : 5 sec 
damping factor : same as case 1

An attached element is supplied for a drum.

C. P. U. time was 5 min. for case 1, and 3 hours for case 2 by FACOM M-380.

4. Result of Experiment and Its Comparison with the Analysis

An example of 30 gal (10Hz - 1HZ) sweep in case 2 of the above analysis example 
will be given here. Response spectrum of top drum is shown in Fig.7.
This result shows that 3 peaks can be seen at 2 ~3Hz, 5~6Hz, and 8.5Hz. When 

attached elements are not supplied, no peak was seen and the line became flat.
The attached elements have a great effect at low acceleration. Two cases of 

peaks were proved from the experiment ; one at 2Hz and 5Hz, and the other at 2H, 
and 8HZ. However, the analysis shows three peaks which does not coincide with 
the result of the experiment. This difference seems to be due to colocation 
difference of the attached elements. The following points were proved also from 
the numerical analysis :
(1) If the elasticity resonance zone of spring coefficient can be avoided, it 

is not necessary to simulate the real element exactly.
(2) Response magnification proved to be higher than the result of the experiment, 

which seems to be due to colocation of the attached elements.

5. Conclusion

Small colocation difference of the attached elements results in the difference 
between the analysis and the result of the experiment.
Attached element colocation can be determined by making trial and error in order 

to obtain exactly the same value of the result of the experiment. However, 
what will be important is to make the studies of the contact conditions of the 
real piled drums. Further studies will be made based on the results of exper­
iments and surveys to attain higher precision.
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Big.5 CASE 1 Animation Output of triangular piled up type
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Big.6 CASE 2 Animation Output of Vertical piled up type
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