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In drop impact analyses for radicactive material transport cask with cocling
fins, relationship between fin plastic deformation and fin energy absoption is used.
This relationship was obtained by ORNL experiments and MONSER Co. in Canada.
Based on ORNL experiments, a computer program FINCRUSH has been developed
for rapid safety analysis of cask drop impact to obtain the maximum impact
acceleration and the maximum fin deformation.

Main features of FINCRUSH are as follows:

(1) annulus fins on a cylindrical shell and plate fins on a disk can be treated,

(2} it is capable of graphical representations for calculation results aand fin
absorption energy data and

(3) not only main frame computer but also work stations (OS UNIX) and
personal computer (OS Windows) are available for use of the FINCRUSH.

In the paper, brief illustration of calculation method of FINCRUSH is presented.
The second section presents comparisons between FINCRUSH and experimental

results. The third section provides a use’s guide for FINCRUSH.

Keywords: Computer Program, Impact Analysis, Cask, Drop Impact, Fin, Transport

Cask, Structural Analysis, Static Analysis
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1. Introduction

In the drop impact analyses for radioactive transport cask with
cocoling fins, it has become possible to perform them in detail by using
interaction evaluation, computer programs, such as DYNAZD, DYNA3D,
PISCES and HONDO. However, the considerable cost and computer time are
necessitated to perform analyses by these programs. Tc meet the above
requirements, a simplified computer program FINCRUSH as shown in
Fig.1.1 has been developed. The FINCRUSH 1is a static calculation
computer program capable of evaluating the maximum acceleration of cask
bedies and the maximum fin deformaticn using a relationship between the
fin plastic deformation and the fin absorption energy. This
relationship, the fin absorption energy vs. the fin deformation data,

(2], [3)

are cbtained by Davis'" of ORNL and Torr of MONSERCO in Canada from
experiments. Using these data, the maximum acceleration of cask bodies
and the maximum fin deformation are easily obtained.

Main features of the computer program are as follows;

{1) annulus fins on a cylindrical shell and plate fins on a disk or
a plate can be treated,

(2) it is capable of graphical representations for calculation
results and the fin energy absorpticn data and

{3) not cnly main frame computers but also work stations (0S UNIX)
and personal computers (0SS Windows) are available for use of FINCRUSH.

In the paper, brief illustration of calculation method using fin
energy absorption data is pfes ented. The second section presents
comparisons between calculation results using fin energy absoption data

and experimental results. The third section provides a use’s guide for

FINCRUSH.
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2.Calculation equation

In the modeling of a fin impact analysis program FINCRUSH, it is
assumed that the static plastic moment of fins is balanced with impact

energy. That is
Ev =WH , 2.1)

where
EV : impact energy,
W : weight of cask,
Ho : height of cask drop.

On the other hand, absorption energy of fins is

E, =F§ , 2.2
® (2.2)
where

E‘b : impact energy,

F : impact force,

§ : fin deformation.

The cask drop energy equal to the fin absorption energy. Therfore

(2.3)
The impact energy is absorbed by bending deformation of fins as

shown in Fig. 2.1. The expression of the impact energy is derived from

the Davis assumption. The static plastic moment may be expressed by

the following equation:

(2. 4)

where

o : yield stress,

b
b : length of fin,
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T : thickness of fin,

H

M : static plastic moment.
p

The static plastic moment per unit length of each of these fins is

determined from the expression

M .:“Y[ Tz}’ (2.5)

where Mp is static plastic moment per unit length. The fin abscption

energy is given by

where B is the absorbed energy divided by the plastic moment and 1s

written as follows:

B(Y)=E¢,/(Mpb) . ' (2.7

Tn the other words, B is a constant depends on the fin abscrption energy
vs. the fin plastic moment obtained by Davis and Torr. In the data curve,

B is shown on the ordinate and ¥ on the abcissa. The fin deformation

ratio is defined by

Y= 84, / H, (2.8)
where
' d . fin deformation ratio,
64, : fin deformation,
H : fin height.

In the case of the inclined fin, the deformation of the finis

the following equation as shown in Fig. 2.2,

R{) - 60
-r - 2= 2.9
6‘1’ ’ cosd ’ 2.9
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where
6‘1) : fin deformation,
R. : outer radius of fin,
¢ : attached angle of fin.

The fin deformation of the inclined fin is given by
8o = R cosO . (2. 10)

Davis and Torr present the fin absorption energy data as a function
of the fin deformation ratio as shown in Figs 2.3 through 2.22. Therfore,
the abscrpticn energy in the case of fin impact is given by the following

eguation:

Eg =B (y) M, b. : (2.11)

The force of the cask body is may be expressed by the following

equation:
F=dEg / dbg . (2.12)

The acceleration of the cask body is determined by the following

formula:
a=F/ (W/g), (2.13)

where
a : acceleration of cask body,

g : gravity constant.



JAERI-Data/Code 97—018

Fig. 2.1 Fin geometry

Fig.2.2 Relationship between fin
displacement and angle
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3.Benchmark Calculation

In order to demonstrate the adequacy of the simplified computer
program FINCRUSH, the benchmark calculations using experimental
results of the JMS-18T-B9Y (Japan Material Testing Reactor Spent Fuel
Transport Cask) cask as shown in Fig. 3.1 have been perfermed.

Figure 3.2 and Table 3.1 show comparison between experiment and
analysis. According to Fig. 3.2 Table 3.1, results by the computer

program FINCRUSH agree with the experimental results.

Table 3.1 Comparison between experiment and analysis

Analysis

Item Experiment Fin data library

ORNL MONSERCO

Acceleration (G) — 503 422

Displacement {mm) 25 20.0 248
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4. Computer Program

4.1 Program Description
The computer program FINCRUSH 1is static calculation program
capable of evaluating the maximum acceleration of the cask body and the
maximum fin deformation using relationship between fin plastic
deformation and fin platic energy absoption based on experimental data.
The computer program FINCRUSH consists of a main routine and ten
subroutines that are MBIN, CARDIN, SOLV, SOLVZ, GETE, TTABLE, LPLOT,
MPLOT, DPLOT and UPLOT, The eieven basic subroutines for pletting are
GOSCAL, XYSCAL, PLTBGN, PLPEN, PLINES, PLMARK, PSYM, PNUMB, PNUMBE,
PLTOR and PLREND, Overall structure of FINCRUSH is shown in Fig. 4.1.
Functions of subroutines are as follows:
MAIN : initiarizes start of run,
CARDIN : reads input data,
SOLV  : computes acceleration and deformation in the case
of annulus fin on a cylinrical shell,
SOLVZ : computes acceleration and deformation in the case
of plate fin on a disk,
GETE : computes strain of fin,
TTABLE : computes relation of fin deformation and £in energy
absorption data,
LPLOT : plot fin energy absoption vs. fin deformation ratio,
MPLOT : geometry plot,
DPLOT : X-Y curve plot,
UPLOT : deformation plot.
The plot basic subroutines are as follows:
GOSCAL : scaling of geometry plot,
XYSCAL : scaling of X-Y plot
PLTBGN : initiatization of piotter,
PLPEN : change plotter pen size,
PLINES : draw line,
PLMARK : plot round mark,
PSYM : write letter,
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PNUMB : write number,
PNUMBB : write number,
PLTECOR : plct new figure,

PLTEND : plot end.

A macroscopic flow chart of FINCRUSH is shown in Fig. ¢.2.

4.2 Description of Input Data

This section describes the input data required by FINCRUSH. The
input data consists of the job description, the analysis type such as
drop attitude, geometry, the cask weight, the initial condition, the
poundary condition constants, the geometry unit selection and options
for cutput plotting. The input instruction is simple and easy follow.

The input data forms are presented in Table 4.1.

4.3 Descripticn of Output Data

This section describes the output data forms of FTINCRUSH. The
contents of these various guantities are describes in the followings.

{1) Input data

The input data are printed in two formats. The first print format is
exactly the same as they were read. Second, the computer program 11sts
the input data as interpreted by FINCRUSH.

(2} Calculation data

The calculation data; the deformation, the force, the energy and
acceleration are printed at every interval steps.

(3} Graphical output

CRUSH2 provides users with graphical cutput of the deformation,
relationship acceleration and deformation, dissipaticn energy and

deformation, acceleration and dissipation energy and so forth.
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Table 4.1 Input data for FINCRUSH

Columns

Format

Variables

Descriptions

Data set No.l:Job description.

1- 5
6 - 10
11 - B8O

Ab

5X
70A1

NAME

NTITLE

Flag for data type.
"TITLE .
Blank,

Job descriptien.

Data set No.2:Calculation model data.

1- 7
8 -10
11 - 20
21 - 30
31 - 40
41 - 50
b1 - 60
61 - 70
71 - 75

A7

3X
F10.0
F10.0
F10.0
F10.0
F10.0
F10. 0

Ab

NAME

WEIGHT

HEIGHT
WIDEL
THICK
ROUT
DANGLE
NAME1

Flag for fin data.

" FINDATA' .

Blank.

Weight of cask{kg).

Height of fin{mm).

Width of fin{(mm),

Thickness of fin{mm).

Outer diameter of fin tip{mm).

Angle between fins(mm) (see Fig. 4.3).
Flag for kind of fin.

’ ":fin data generation from upper data.
"INPUT’ :fin data from next data set 2A
{annulus type fin).

"PLATE :fin data from next data set 2A (edge
type fin) (see Fig. 4.4).

Data set No. 2A:Geometry data.

1 -3
4 -10
11 - 20
21 - 30

A3

X
F10.0
Fi10.0

NAME

- AG
HH

Flag for fin geometry data.

"FIN :fin geometry data start.
"END’ :fin geometry data end.
Blank.

Attachment angle of fin(degree).
Height of fin{mm).
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Table 4.1 {(Continued)

Columns Format | Variables Descriptions
31 - 40 | F10.0 AL Thickness of fin(mm).
Data set No.3:Options for calculation and plotting.

1- 4 Ad NAME Flag for input data calculation and plotting
"DISP’.
5 - 10 6X — Blank.
11 - 20 F10.0 ANGO Impact angle for fin{degree).
0. 0 = ANGO=DANGLE.
21 - 30 F10.0 DISP Deformation increse of calculation(mm).
31 - 40 F10.0 SIGY Yield stress(kg/mm’).
41 - 50 F10.0 ENERGY Maximum absorption energy (kg-mm).
51 - 60 | F10.0 DRATIO Maximum deformation of Fin(¥).
61 - 64 Ad NAME1 Flag for plotting of calculation results
'PLOT :plotting of calculation results.
' " :no plotting.
65 1X — Blank.
66 — 69 Ad NAMEZ Flag for plotting of deformation-energy
absorption data of fin.
*PLOT :pletting of fin energy absorption
data.
’ " :no plotting.
Data set No.4:Fin data.
1- 7 A7 NAME Flag for fin data.
* FINDATA' .
8 -10 3X - Blank.
11 - 18 274 KHEAD Name of fin data library.
" ORNLDATA’ :ORNL data.
 MONSDATA’ :MONSERCO data,
"FILE > :fin data input from file No. 20.
19 - 20 2X -
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Table 4.1 (Continued)

Columns

Format

Variables

Descriptions

21 - 25

I5

NOT

Data file numbers of fin deformation-energy

absorption data. If KHEAD is 'FILE ,NOT is 3.

Data set No.5:Fin data{l:fin thickness data).

1- 9 9A1 NAME Flag for fin thickness.
" THICKNESS' .
10 X — Blank,
11 - 20 F10. 0 D Fin thickness.
Data set No.6:Tin data(Il:fin angle data).
1 - 5 A5 NAME Flag for coordinate of axial direction.
" ANGLE’ .
6 - 10 5X — Blank,
11 - 20 F10.0 THETA Angle of fin.
21 - 30 F10. 0 NOF Number of fin data for fin attached angle
Data set No.7:fin data(III:fin energy absorption data).
1- 4 A4 NAME Flag for data type,
"FINH .
5-10 6X — Blank.
11 - 20 F10.0 FINHI Height of fin.
21 - 25 15 NOR Number of data for fin height.
Data set No.BA:Fin deformation ratio.
1-10 F10.0 XD (1) Fin deformation ratio.
11 - 20 | F10.0 D2y | ...
21 - 30 | F10.0 X0E) |
31 - 40 F10.0 X C) EE
41 - 50 | F10.0 XDE ]
51 - 60 F10.0 b 111(:) Y I
61 - 70 | F10.0 XD(7) | Fin deformation ratio.




JAERI—Data/Code 97—018

Table 4.1 (Continued)

Columns Format | Variables Descriptions

71 - 80 F10.0 XD (8) Fin deformation ratio.
Rpeat 8A data set for number of necessary

data NOR of daia set No.7

Data set No.B8B:fin energy absoption data.

1 - 10 F10.0 YD (1) Fin energy absorption data.

11 -20 | F10.0 yD(2) | ..

21 - 30 F10.0 nay |

31 - 40 | F10.0 D@ |

41 - 50 | F10.0 YD(B) | ...

51 - 60 | F10.0 YD&) | ...

61 — 70 F10.0 YO(7) | ...

71 - 80 F10.0 YD(8) Fin energy absorption data.
Rpeat 8B data set for number of necessary
data NOR of data set No.7.
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MAIN ]

(AR ]
—{TmeE ]

MPLOT
—{_DPLOT ]
UPLOT

Fig.4.1 Structure of computer program
FINCRUSH

Input data

Fin Read
e | F | NCRUSH

data
F20

Write Plot

Qutput data
Fo6

Fig. 4.2 Program flow
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Dang Dang
T 7 7 Yyt ted
(a} angle: 0.0 {b) angie: %

Fig.4.3 Impact direction of fin

Fig.4.4 Fin on plate
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5. Conclusions

In regard to the evaluation of the maximum acceleration of the cask
bodys and the maximum deformation of the fin on the drop impact, a
simplified computer program FINCRUSH make to analyze economical and by
shortening input and computer time as compared with other detailed
computer programs to analyze dynamic interactions. The results cbtained
by the simplified computer program FINCRUSH has an enough adequacy for
its practical use. FINCRUSH is further being utilized -sa.tisfactory in
safety analysis and designing not only spent fuel transpbrt‘ casks but

also those for various radicactive transport casks.

Ackowledgements
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Appendix A Sample Problem Input

INPUT OATA ECHO

TITLE FINCRUSH BENCHMARK TESTC(FIN DATA ORNL)
FINDATA 17900.0 200.0 850.0 10.0 B&4 0 4.0
DISP 0.0 0.25 17.4 1.0140E47 PLOT
MATERIAL FILE 3
FIN
————5--esf-menfocmf-m--fommef---=§--==Q---=5-=-=0--—~5--==@-===8---=0-=-==53----0
1 2 3 4 5 ] T B
Appendix B Sample Problem Output
FINLRUSH MODETL CAaTA
1 2 3 & 5 -] 7 3
o e « B e « I T T IR I « JER R Y « B S e R
TITLE FINCRUSH BENCHMARK TEST{FIN DATA ORNL)
FINDATA 17¢00.0 209.0 850.0 10.0, B8&L.0 4.0
bISP 0.0 Q.25 17.4 1.0140E+7 PLOT
MATERIAL FILE 3

...... MODEL WEIGHT
...... FIN HEIGHT

17900.0C (KG)
200.00 (MM2

...... FIN WIDTH B50.00 (MM}
PR FIN THICKNES 10.00 (MM}
...... OUTER RADIAUS 884600 (MM}
...... FIN PITCK 4.00 (ANGLE)

O I R |

INCREMENT DBISP 0.25 (MM?
- YIELD STRESS 17.40 (KG/MMeMM}
...... TOTAL EMERGY 10140000, 0

NO . PH1 HEIGHT WIBTH

1 Q.000 200.000 850.000

2 & .000 200.000 &50.000

3 8.000 200.000 850.000

& 12.000 200.000 850.000

5 14.000 200.000 850.000

& 20.000 200.000 850.000

7 24.000 200.000Q 850.4000

8 28.000 200.000 B850.000

? -4.000 200 .000 850.000

10 -8.0G0 200.000 B850.9Q0C0

11 -12.0C0 200.000 B50.0C0

12 -16.000 200.000 A50.000

13 -20.000 £00.000 850.9000

14 -24.000 200,000 850.900

15 -28.000 Z00.000 850.90C0
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Appendix B (Continued)
FINCRUSH BENCHMARK TESTC(FIN DATA ORMLY
STEP DEPTH ANGLE FORCE ENERGY ACCELERATION
1 0.z2500 1.38 113406 .50 28351.13 6.34
2 ¢.5000 1.95 113404.50 56702.25 &6.34
3 0.7500 2.39 113404.30 35093.38 4,34
o 1.0000 2.76 113404.50 11340450 6.54
5 1.2500 3I.08 113404.50 1417535.63 6,54
& 1.5000 3.38 113404.50 170104.75 6.34
7 1.7500 3.65 113404.50 198457 .88 6.34
a 2.0000 3.90 113404.50 226809.00 6.34
9 2.2500 &.14 3I72942.90 292973.5%2 20.83
io 2.5000 L.36 372942.90 386367.69 20.83
11 2.75%00 &L.57 3I72942.50 479761.84 20.83
12 3.0000 4.78 372942.%0 573156.02 20.83
13 3.2500 4.97 372942.90 &86550.19 e0.83
14 3.5000 5.16 372942.%0 759944 .36 20.83
15 3.750C0 5.34 372942.%0 B53338.52 20.B3
16 4 .000C0 5.52 372942.90 946732.69 ¢0 .83
17 4L.2500 5.6% 372942.90 1040126.86 20.83
18 4.5000 5,85 372942.90 1133521.02 2C.83
19 4.7500 5.01 372962.940 1226915.19 20.83
20 5.Q000 65.17 372942.90 1320309.36 20.83
o 21 5.2500 6.32 3729462.90 1413703.52 20.83
22 5.5%000 6.h7 372942.90 1507097.69 20.83
Z3 5.7500 6.61 372942.90 1500491.85 20.83
24 4.0000 &.78 372942.90 16%3886.02 20.83
25 &.2500 &.90 372942.%0 17B7280.19 20.83
26 6.50C0 7.03 372942.%0 1880474.35 Z0.83
27 &. 7500 7.17 372942.90 197406B.52 20.83
28 7.0000 7.30 372962.90 2067462.69 20.83
29 7.2500 7.6 372962.90 2160856 .85 20.83
30 7.%000 7.55 3729462.90 2254251.02 20.83
31 7.7500 7.58 172%42.90 2567645.19 20¢.83
3z 8.0000 7 .80 372962.%90 24461039.35 20.83
33 8.2%00 7.92 372942.90 ?534433.52 20.83
34 8.5000 8.04 &45210,70 2654886.45 37.1¢
35 B.7500 8.1¢6 565210.70 2822045.64 37,16
36 9.0000 §.28 4$465210.70 29B9224.82 37,16
37 9.2500 8.39 665210.70 3156404 .01 37.16
38 ?.5000 B8.50 665210.70 3323583.20 17.16
39 §.7500 B.62 &565%210.70 3L90762.38 37.16
40 10.0000 8.73 665210.7C 3857941.57 37.16
41 10.2500 8.83 666883.92 3821771.28 3714
42 10.5000 8.94 444572 .70 3985400.95 37.13
43 10.7500 ?.05 666275.96 4149430.63 37.11
L4 11.0000 7.15 &639%2.70 4313260.32 37.0%
45 11.2500 ?.26 4563722.03 LLT70%0.01 37.08
46 11.5000 ?.36 663443.13 L640919.6F 37.06
47 11.7500 9.46 463215.25 4BOLTLT.38 37.03
4“8 1z2.0000 ?.56 6&2977.70 496B579.07 37.04
L9 12.2590 .66 &42072.87 5125523.84 34.99
50 12.5000 .76 &4608%7.08 5279210.72 -36.%2

Appendix B (Continued)

FINCRUSH BENCHMARK TEST(FIN DATA ORRL?

i STEP DEPTH ANGLE FORCE ENERGY ALCELERATION
! 51 12.7500 9 .84 459774 .81 5432897.60 36.86
i 52 13.0000 ?.95 45870249 5586584 .68 36.80
H 53 13.2500 10.05 457676.83 5740271.36 36.74
H 54 13.5000 10.14 656694 .85 5873758.24 38,69
: 55 13,7500 30.24 655753.80 6047645.12 36.63
56 14.0000 10.33 6364851.16 6201332.00 36.58
57 14,2500 16.42 6539BL.63 &355018.88 36,56
EL) 14.5000 10.51 653152.07 4508705.78 36.49
: 59 14.7500 10.460 652351.51 6662392 .64 36.064
i 60 15.0000 10.6%9 451581.14 6815079.52 36.40
61 15.2500 10.78 450839.28 6969766 .60 36.36
: 62 15.5000 10.87 650124.35 7123453.28 36.32
i 63 15.7500 10.96 649434.95 7277140.16 36.28
i &b 16.0000 11.06 64R769.70 7430827.04 386.24
- &5 16.2500 11.13 648127.35 7584%13.92 36.21
&6 16.5000 11.22 64750675 7738200.80 36,17
67 16.7500 11.30 64890679 7B¢1887.68 36.14
68 17.0000 11.38 64632647 BC45574.56 36.11
49 17.2500 11.47 445766 .84 Bly926l.6d 36.08
70 17.5000 11.55 445221.00 B352948.32 36.05
71 17.7500 11.63 S448694.12 BS0D6435.20 36.02
72 18.0000 11.72 664183.41 B&403Z2.CB 35.99
73 18.2500 i1.80 64358B.15 BE14008.%6 35.%6
T4 18.5000 11.88 642173.88 B957364L.B2 35,88
5 18.7500 11.96 640442.97 F057381.46 35.78
re 19.0000 12.04 900462.18 2269377.81 50.31
77 19.2500 i2.12 B9BB34. 75 ?476280.08 50.22
78 19.5000 12.20 897312.31 9683182.32 50.13
7g 1¢.7300 12.27 B95830.86 9890084 .57 50.05
80 20.0000 12.35 BY4406.73 10096986 .82 Lg.97
Bl 20.0539 12.43 894033.21 10140000.00 £9.95

MAX. ACCELERATION = $0.314G2

T TP
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Appendix C Graphical OQutput

Y /
FINCRUSH BENCHMARK TEST(FIN DATA DRNL)

Fig. C.1 Graphical Output of FINCRUSH{1)

1
X \
FINCRUSH BENCHMARK TESTIFIN DATA ORNLI

Fig. C.2 Graphical Cutput of FINCRUSH(Z2)
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| T

X
DEPTH= 20.DE (HK)

FINCRUSH RENCHHMARK TESTIFIN DATA DORNL]
Fig. C.3 Graphical Cutput of FINCRUSH (3)

ACCEL= EO0.31 (6]

| T

X
DEPTH= 20.08 tMM)

-

FINCRUSH BENGHMARRK TESTIFIN DATA ORNL)

Fig. C.4 Graphical Output of FINCRUSH (4}

— 32 —_
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KG-trt

ENERGY

0.0 Lamee® | ! I 1

o
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o

}
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a
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T §
a.0 2-5 5.0 -1 .c
DEFORMATION MM

Fig. C.5 Graphical Output of FINCRUSH(3)

FINCRUSH BENCHHMARK TEST(FIN ORTA JRNL)

£3.0

b T T T T T T T

70.4

§0-01

50.0

G

40.0.L

ACCELERATION

DEFDRMATION MM

Fig. €.6 Graphical Cutput of FINCRUSH(6}
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| H L ! [ Il | I
T T T
2.9 5.0 7.5 0.3 12.9 15.0 17.5 20.0

DEFORMATION HMH

Fig. C.7 Graphical Output of FINCRUSH(7)
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Appendix D Jop Centrol Data

The job contreol data for FINCRUSH executicn on the computer TACCM
M-780 in JAERI is as follows:

//CCLG JOB

// EXEC JCLG

//SYSIN DD DATA, DLM="++’

/7 JUSER XXXXXIXX XX, X XXX XXXX, XXXX XX, FINCRUSH

// T.C3C.02%.011.02CLS GRP

// OPTP MSGCLASS=A,MSGLEVEL=(2,(0,1),CLASS=B, NOTIFY=JXXXX

// CPTP PASSWORD=XXXXXXXX

// EXEC LMGOZX, IM=J2322 . LMFINCRU, PNM=FINCRUSH

// EXPAND GRNLP

//FT55FC01 DD DSN=JXXXX.DTFINCRU.DATA, DISP=SHR

//FT02¥001 DD DSN=SPACE=(TRK, {5,5)),UNIT=TSSWK

//FT2CF001 DD DSN=JXXXX.DTFINDAT,DATA, DISP=SHR .

++

[/

i
i
i
3
0




JAERI—Data/Code 97—_018
Appendix E Program Abstracc

1. Name :
FINCRUSH.
2. Computer for which the program is designed and others upon which it
is possible:
FACOM M-780, SUN4 or I3M-PC.
3. Nature of physical problem solved:
Drop impact analysis of radioactive material transport casks.
4. Method of soclutions:
One dimensional static analysis.
5. Restrictions on the complexity of the problem:
None.
6. Typical rurning time:
FRCOM-M78C : 1 seconds.
SUN4 : 2 secénds.
IBM-PC : 3 seconds.
7. Unusual features of the program:
None.
8. Related and auxiliary program:
None.
9. Status:

10.References:

(DZkushima,T. and Hode 3., "gimplified Analysis Computer Program
and Their Adequacy for Radicactive Materials Shipping casks”,
PATREM’ §9, pp.1202-1209, Washington DC, USA ,June 11-16, (1989).

(2)Ikushima,T. et al., "gimplified Computer Codes for Cask Impact
Analysis™, PATRAM' 9Z, po.1419-1426, Yokohama, Japan, September
13-18, {1482} .

(3)ikushima,T., Chshika, J. and Ishiwata,T., "Computer Code System
for Structurzal Anaalysis of Radiocactive Materials Transport”,

PATRAM’ 83, pp.1174-1181, Las Vegss, USA, December 3-8, (1985},
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11.Machine regquirement:

Required 1100 k bytes of core memory.

12. Progré_m languag‘é used:

FORTRAN-77.

13.0perating system or monitor under which the program is executed:
FACOM M-780 : MSP.

S5UN4 : Solaris 2.1.
IBM PC 1 Windows 3.1.

14 .Any other programming or operating information or restricrtions:
The program s approximately 2200 source steps {include
comment lires). The graphical programs are as fcllows:
FACOM M-780 : CALCOMP plt<er ¢or the compatible ones.
SUN4 : X-windows.
IBM PC r windows 3.1.

15.Name and establishment of author:
T. Tkushima
Japan Atomic Energy Research Institute,
Tokal Research Establishment,
Department of Fuel Cycle Safety Research,
Tckai-mura, Naka-gun, Ibaraki-ken, 31%9-11
Japan |

is6.Material ax}ailable:

Scource.
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