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In drop impact analyses for radioactive material transport cask with cooling fins, a relationship
between fin plastic deformation and fin energy absoption is used. This relationship was obtained by
ORNL and MONSERCO in Canada experiments. Based on ORNL experimental data, a data library
computer program FINLIB for FINCRUSH program is developed to obtain the maximum impact
acceleration and the maximum fin deformation.

Main features of FINLIB are as follows:

(1) not only making fin energy absorption data libraries from ORNL or MONSERCO experimen-
tal data but also comparative representations of ORNL and MONSERCO data are available,

(2) it is capable of graphical representations for 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 FINLIB.

In the paper, brief illustration of calculation method in fin impact analysis based on the ORNL
research is presented. The second section presents descriptions of fin energy absorption data tested
at ORNL and MONSERCO. The third section provides a user’s guide for computer program and
input data for FINLIB.

Keywords: Computer Program, Data library, Fin Data, Energy Absorption,
Impact Analysis, Drop, Impact, Transport Cask, Cask
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1. Introduction

Detail analyses of the drop impact for a radiocactive transport cask
with cooling fins, have become possible to perform by using interaction
evaluation computer programs with a function of interaction step, such
as DYNA2D, DYNA3D, PISCES and HONDC. However, considerable cost and
computer time necessitate perferming analyses by these pregrams. To
decrease the computer time and cost, a simplified computer program
FINCRUSH™ as illustrated in Fig.l.l has been developed” ™. The
FINCRUSH is a static calculation computer program capable of evaluating
the maximum acceleration of cask bodies and the maximum fin deformation
using a relationship between the fin plastic deformafion and the fin
abscrption energy. This relaticnship, the fin absorption energy vs. the
fin deformation data, are obtained by Davis'” of ORNL and Torr™ ™ of
MONSERCO in Canada from experiments. The FINLIB has been developed to
make data library of the fin energy absocrption for the FINCRUSH.

Main features of the computer program FINLIB are as follows:

(1) not only making ORNL or MONSERCO fin energy absorption data
library but also comparative representations of ORNL and MONSERCO data
are available,

(2) it is capable of graphical representations for the fin energy
absorption data and

(3) not only main frame computers but also work staticns (0S5 UNIX)
and personal computers (0S Windows) are available for use of FINCRUSH.

In the first section of the paper, a brief illustration of
calculation method using fin energy absorption data is presented. The
second section presents a description of the fin data library. The third

section provides a user's guide for FINLIB.
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2.Fin Data Libkrary

2.1 Necessity of Fin Data Library
The fin energy absorption data are necessitated for impact analysis
of the casks with fins usig the computer program FINCRUSH based on ORNL

"' Tn order to make the fin absorption data library from

Davis' method
ORKNL or MONSERCO fin data for FINCRUSH, the computer program FINLIB has

been developed.

2.2 Calculaticn Method
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
Ey=WH , (2.1)

where
Ev : impact energy,
W : weight of cask,
He : height of cask drop.

on the other hand, absorption energy of fins is

E; =F§ , 2.2
® (2.2)
where

E¢ : impact energy,

F : impact force,

8§ : fin deformation.

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

Ey=Eyp - 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
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the following equation:

M, <O, [Eiﬁ] , (2.4)
where
Oy : yield stress,
b : length of fin,
T : thickness of fin,
Mp’ : static plastic moment.

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

determined from the expressicn

M :Uy[;] , (2.5)

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

energy 1s given by

Ep =B (y)Myb . (2.6)

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

written as follows:

ﬁ(Y)=E¢/(Mpb) . 2.7

In the other words, B is a constant depending the fin absorpticn energy
and the fin plastic moment obtained by Davis and Torr. In the data curve,
B is shown on the ordinate and y on the abcissa. The fin deformation

ratio is defined by
Y=8¢/H, (2.8)

where
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r : fin deformation ratio,
5@ : fin deformation,
H ¢ fin height.

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

given by the following equation as shown in Fig. 2.2,

Rn - 60
=R - = 9
6@ ° COS(l) ’ (2' )

where
8¢ : fin deformation,
Ry : outer radius of fin,
¢ : attached angle of fin.

The fin deformation of the inclined fin is given by
8¢ = R cos® . (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 absorption energy in the case of fin impact is given by the following

equation({see Egq. 2.6):

Eg =B (Y) M, b. (2.11)

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

equation:
F=qu;/d6¢>- (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.
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Fig. 2.1 ¥in geometry

Fig. 2.2 Relationship between fin displacement and angle
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3.Description of Data Library

One of the most widely used fin data sets of design curves comes from
impact experiments done in 1971 by Davis of ORNL. His investigation
measured the impact performance of single fins 2 inches (50.8 mm) wide
varying in length from 3.5 to 10 inches (88.9 to 254 mm), in thickness
from 1/4 to 3/4 inches (6.4 to 19.1 mm) and an angle of inclination to the
impact direction from 0 to 40 degrees as shown in Fig. 3.1.

In the MONSERCO experiments six kinds of fins were used as shown in
Table 3.1 and Fig. 3.2. Test fins were of two thickness, in thickness
from 1/4 inches (6.4 mm) and 3/8 inches (9.5 mm), and of five different
lengths between 3.5 to 10 inches (88.9 to 254 mm). The single fins had
four different angles of inclination; 0, 10, 20 and 30 degrees from the
vertical.

In this data library there are eleven data base as shown in Table

3.2. Those data are obtained by ORNL and MONSERCOC.
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Fig. 3.1 Dimensions of fin specimen tested at ORNL
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TYPE 1 IYPE 2

WIDE SINGLE FIN

DOUBLE PARALLEL FINS

TYPE 3 TYPE Y

TRIPLE FINS

DOUBLE CONVERGING FINS

&

TYPE 5 TYPE £

DOUBLE BRACED FINS

OAK RIDGE FIN

Fig. 3.2 Configuration of fins tested at MONSERCO
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Table 3.1 Dimensions of fin specimens tested at MONSERCO

FIN
ANGLE OF FIN
INCLINATION LENGTH
{degrees) {inches)
TYPE 1 | TYPE 2 | TYPE 3 | TYPE 4 | TYPE 5 | TYPE &
3.5 X X (X) X X X
. 4.0 X X 1$3] X X X
o) .0 X X (x) X X X
8.0 X X tx) X X X
10. 0 X X (x) X X X
35 X X
. 4.0 X X
10 &.0 X X
B.0 X X
10.0 X X
3.5 €X)
. 4.0 (X3
15 &.0 (X%
8.0 (x)
10.0 {X)
< X X
4.0 X X
20" 6.0 X X
8.0 X X
10.0 X X
3.5 X X X
. 4.0 X X X
30 &. 0 X X X
8.0 X X X
10.0 X X% X
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Table 3.2 Data library of FINLIB

Research Identification Descriptions
organization name
ORNL ORNL single fin{mean values)
ORNL OHIG ORNL single fin{higher values)
OLOW ORNL single fin (lower values)
MEAN MONSERCO single fin (mean values)
MHIG MONSERCO single fin (higher values)
MLOW MONSERCO single fin(lower values)
MONSERCO MWID MONSERCO wide single fin
MPAR MONSERCO double parailel fin
MCON MONSERCO double converging fin
MBRA MONSERCO double braced fin
MOAK MONSERCO Cak Ridge type single fin
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4. Computer Program

4.1 Program Description

The computer pﬁ:ogram FINLIB consists of three parts. They are the
fin energy abscrption data obtained by ORNL and MONSERCO, the data
library making program and the plotting program for data library for the
computer program FINCRUSH. The FINCRUSH is 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 energy absoption based on experimental data.

The computer program FINLIB consists of a main routine and nine
subroutines those are MAIN, READLB, GETCMD, GETDAT, SEQENT, QQSORT,
TOFIN, TORNG, KPLOTX and KFLOT. The eleven basic subroutines for
plotting are GSCAL3, XYSCAL, PLTBGN, PLPEN, PLINES, PLMARK, PS¥YM,
PNUMB, PNUMBB, PLTEOR and PLREND. An overall structure of FINLIB is
shown in Fig. 4.1. Functions of subroutines are as follows:

MAIN : initializes start of run,

READLB : reads fin energy absorption data obtained by ORNL and

MONSERCO,

GETCMD : reads input data for plotting,

GETDAT : reads input data for making fin energy absorptionon

likbrary,

SEQENT : sorts out fin enexrgy absorption data(l),

QQSORT : sorts out fin energy absorption data(Z),

TOFIN : makes library of fin energy absorption data for an use

of FINCRUSH program,

TORNG : prints out fin energy absorption library,

KPLOTX : controls plotting,

KPLOT : plots fin energy absorpticn library.

The plot basic subroutines are as follows:

GSCAL3 : gives scaling of geometry plot,

XYSCAL : gives scaling of X-Y plot

PLTBGN : initiatizes of plotter,

PLPEN : changes plotter pen size,
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PLINES : draws line,
PIMARK : plots round mark,
PSYM : writes letter,
PNUMB : writes number,
PNUMBB : writes number,
PLTEOR : plots new figure,
PLTEND : plots end.

A macroscopic flow chart of FINLIB is shown in Fig. 4 2.

4.2 Description of Input Data

This section describes the input data reguired by FINLIB. The input
data consists of the job description, the fin type selection, geometry
selection and options for ouftput plotting. .The input instruction is
simple and easy to follow. The input data form are presented in Table
4.1. The data formats of the fin energy abscorpticn data are listed in

Table 4.2.

4.3 Description of Output Data

This section describes the output data form of FINLIB. The contents
of these various quantities are described 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 1ists
the input data as interpreted by FINLIB.

(7} Fin energy absorption data

The fin energy absorption data are compiled in data library file and
printed out on output sheets.

(3) Graphical output

The FINLIB provides users with graphical output of the fin energy

absorption library.



MA I N

JAERI-Data/Code  97-035

READLRB

GETCMD

GETDAT

SEQENT

TOF IN

TORNG

KPLOTX

QQSORT

KPLOT

Fig. 4.1 Structure of computer program FINLIB
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Table 4.1 Input data for FINLIB

Data No. Format | Variables Descriptions

Data set No.1 : TITLE command.

§ 1st data A5 NFLAG Flag for data type.

E "TITLE : flag for job description
Z2nd data TA8 NTITLE Job description.

Data set No.2 : KEY command.
1st data A3 NFLAG Flag for data type.
"KEY' : flag for fin data.

2nd data A4 NAME Flag for fin data identification.

"MWRID' : MONSERCO wide single fin.

"MPAR' : MONSERCO double pararell fin.

'MCON' : MONSERCO double converging fin

"MBRA' : MONSERCO double braced fin.

"MOAK' : MONSERCO ORNL single fin.

"MEAN’ : MONSERCO ORNL single fin(mean
values).

"MHIG' : MONSERCO ORNL single fin(higher
values).

"MLOW : MONSERCO ORNL single fin(lower
values).

"ORNL’ : ORNL single fin(mean values).

"OHIG' : OBNL single fin{higher values).

'OLOW : ORNL single fin(lower values).

3rd data KYANG Attached angle of fin{degrees).

TANGLE=0.0° . 0.0 degree.

"ANGLE=10.0" : 10.0 degrees.

" ANGLE=20. ¢ : 20.0 degrees.

"ANGLE=30.0" : 30.0 degrees.

" ANGLE=40. 0’ : 40.0 degrees.
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Table 4.1 {Continued}

Columns Format | Variables Descriptions

4th data KYLENG Fin length({inch.).
"LENGTH=3.5" : 3.5 inches.
"LENGTH=4. 0" : 4.0 inches.
"LENGTH=6.0" : 6.0 inches.
"LENGTH=8.0" : 8.0 inches.

"LENGTH=10.0" : 10.0 inches.
5th data KYTICK Fin thickness(inch. dummy data).
*THICK=1.234" : 1.234 inches.

Data set No.3 : ADD command

1st data A3 NFLG Flag for data type.
"ADD' : flag for comparative representation’
of fin data.
Znd data A4 NAME1 Flag for fin data identification.
3rd data Ad NAMEZ "MWIIY : MONSERCO wide single fin.
4th data A4 NAME3 "MPAR" : MONSERCO double pararell fin.
5th data Ad NAME4 "MCON" : MONSERCC double converging fin.
6th data A4 NAMES "MBRA’ : MONSERCO double braced fin

"MOAK’ : MONSERCO ORNL single fin.

' MEAN’ : MONSERCO ORNL single fin(mean
values).

"MHIG' : MONSERCO ORNL single fin(higher
values).

'MLOW : MONSERCO ORNL single fin(lower
values).

"ORNL’ : ORNL single fin{mean values).

' OHIG' : ORNL single fin(higher values)

*OLOW : ORNL single fin{lower values).
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Table 4.1 (Continued)

Columns

Format

Variables

Descriptions

Data set No. 4 :

1st data

2nd data

A5

A4

WRITE command.

NFLAG

NAME

Flag for data type.

"WRITE' : flag for writing file of fin energy

absorption data.

Flag for fin data identification.

'MWID' : MONSERCO wide single fin.

' MPAR® : MONSERCO double pararell fin.

"MCON' : MONSERCO double converging fin

"MBRA’ : MONSERCO double braced fin.

"MOAK : MONSERCO ORNL single fin

"MEAN' : MONSERCO ORNL single fin(mean
values).

"MHIG' : MONSERCO ORNL single fin(higher
values).

"MLOW : MONSERCO ORNL single fin{lower
values).

"ORNL’ : ORNL single fin(mean values).

"OHIG" : ORNL single fin(higher values).

*OLOW : ORNL single fin{lower values).

Data set No.b :

1st data

‘2nd data

A4

I1

PLOT command.

NAME

MPLOT

Flag for fin data.

"PLOT" : flag for data plot.

Kind of plotting data.

1 : ordinary use(see Fig. C.1 through C.5).
6 : comparison between data libraries(see

Fig. C.6 through C.22).
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Table 4.1 (Continued)

Columns Format { Variables Descriptions

Data set No.5 : END command.
1st data A3 NFLAG Flag for data type.
"END'  : flag for job end.
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Table 4.2 Format for fin energy absorption data

Data No. Format | Variables Descriptions

Data set No.1 : TITLE command
1 Al NFLAG Flag for data partition.

: flag for data partition.

Data set No.2 : KEY command.
1- 4 A4 NAME Flag for fin data identification.

"MWID : MONSERCO wide single fin.

"MPAR’ : MONSERCO double pararell fin.

"MCON' : MONSERCO double converging fin.

"MBRA’ : MONSERCO double braced fin.

'MOAK' : MONSERCO ORNL single fin.

"MEAN' : MONSERCO ORNL single fin(mean
values}.

"MHIG' : MONSERCO ORNL single fin(higher |
values).

"MLOW : MONSERCO ORNL single fin(lower
values).

"ORNL' : ORNL single fin{mean values}.

"QHIG' : ORNL single fin(higher values).

"OLOW : ORNL single fin{lower values).

5- 6 12 KYANG Attached angle of fin(degrees).

00" : 0 degree.

"10" : 10 degrees.

"20" : 20 degrees.

"30" : 30 degrees.

'40' : 40 degrees.
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Table 4.2 (Continued)

Columns

Format

Variables

Descriptions

9 - 12

13 - 16

17 - 20

21 - 24

I4

I4

14

14

KDELTA

KYLENG

KYTICK

KAVERG

KDEVAT

Fin deformation ratio(percent).

'05 : 5 percents.

’10° : 10 percents.

"15" : 15 percents.

'20° : 20 percents.

'95" . 25 percents.

'30" : 30 percents.

’35" : 35 percents.

’40" : 40 percents.

ete.
Fin length{inch).

"0350" : 3.5 inches.

"0400" : 4.0 inches.

"0600" : 6.0 inches

'0800° : B.0 inches.

1000° : 10.0 inches.

etc.
Fin thickness(inch. dummy for ORNL data).
'1234° : 1.234 inches.
Fin energy absorption ratio(Absorbed energy/
Plastic moment).

71234" @ 12.34.

'0012" @ 0. 12

etc.
Deviation of fin energy absorption ratio
{Absorbed energy/Plastic moment).

11234 : 12, 34.

'0012" - 0.12
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5. Cenclusions

With regard to the evaluation of the maximum acceleration for the
cask bodys and the maximum deformaticn of the fin on the drop impact, a
simplified computer program FINCRUSE will analyze it economically and
by save computer time as compared with the other detailed computer
programs with a analysis method of dynamic interactions. The FINLIB is
further being utilized satisfactory in making the fin absorption data

library for FINCRUSH program using CRNL and MONSERCO experimental data.
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Appendix C Graphical Output
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Fig. C.1 Graphical Output of FINLIB(1)
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Fig. C.2 Graphical Output of FINLIB(2)
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Fig. C.4 Graphical Output of FINLIB(4)

—_ :37 —




PLASTIC HOMENY EP

PLASTIC HOHENT EF

40.0

JAERI-Data/Code 97-033

NAME =0RNL ANGLE =40.0 THICK =1.234

T T T T T T T T T

H =04.00

==
n

oo
om
;:l:
ac

H =10.00

] | 1 ) | | 1 I !
T T T T T ! 1 T
8.0 16.0 24.0 32.0 0.0 48.0 560 64.C 1z.0

RATID OF DEFORMATION

ORNL FIN EMERGY RBSORPTION DRTA

Fig. C.5 Graphical Output of FINLIB(5}
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Fig. C.6 Graphical Qutput of FINLIB(6)
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Fig. C.7 Graphical Output of FINLIB(7)
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Fig. C.9 Graphical Output of FINLIB(9)
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Fig. C.10 Graphical Output of FINLIB(10)
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Fig. C.12 Graphical Output of FINLIB(12)
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Fig. C.14 Graphical Output of FINLIB(14)
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