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In the drop puncture analyses for radioactive transport casks, it has become possible to perform
them in detail by using interaction evaluation computer programs such as DYNA3D. However, the
considerable cost and the computer time are necessitated to perform analyses by these programs. To
decrease the computer cost and time, a simplified computer program PUNCTURE has been devel-
oped. The PUNCTURE is a static calculation computer program based on the Onat’s thory and Asada’s
research. The PUNCTURE is capable of evaluating the acceleration of cask bodies, the deformation
of punctured plates and, the stress and the deformation of puncture bars.

Main features of the computer program are as follows;

(1) three analysis models for punctured plate are used that are the fixed supported bending plate
model, the simply supported bending plate model and the fixed supported membrane plate model,

(2) it is capable of graphical representations for calculation results and

(3) not only main frame computers (OS MSP) but also work stations (OS: UNIX) and personal
computers (0S: Windows) are available for use of PUNCTURE.

In the paper, brief illustration of calculation method using the Onat’s thory and Asada’s research
is presented. The second section presents comparisons between calculation and experimental results.

The third section provides a user’s guide for PUNCTURE.

Keywords: Computer Program, Puncture Analysis, Impact Analysis, Drop
Impact, Structural Analysis, Static Analysis, Transport Cask, Cask
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1. Introduction

Radioactive material transport casks (IAEA regulatory standard type
B pckages, type A fissile packages and so on) are required to maintain
integrity against the puncture test where it is dropped onto a 150 mm
diameter mild steel bar from a height of cone meter.

In the drop puncture analyses for radioactive transport casks, it
has become possible to perform them in detail calculation bu using
interaction evaluation computer programs, pyNa2D™, DYNA3D'',
NIKE2D(3), NIKE3D(4), PISCES'™ and HONDO'™ . However, the considerable
cost and the computer time are necessitated to perform analyse by these
programs. To decrease the cost and the time, a simplified computer
program PUNCYTURE shown in Fig. 1.1 has been developed'' . The PUNCTURE
is a static calculation computer program based on the Onat's theory” and
Asada's research™”. The PUNCTURE is capable of evaluating the
acceleration of cask bodies, the deformation of puncture plates and the
stress and the deformation of puncture bars.

Main features of the computer program PUNCTURE are as follows:

{1) three analysis models for punctured plates are used. Those are
the fixed supported bending plate model, the simply supported bending
plate model and the fixed supported membrane plate mcdel,

(2) it is capable of graphical representations for calculation
results and

(3) not only main frame computers (0S MSP) but also work stations (0OS
UNIX) and personal computers(CS Windows} are available for use of
PUNCTURE.

In the first section of the paper, a brief illustration of
calculation method using ‘Onat's theory and Asada's research is
presented. The second section presents comparison between calculation

and experimental results. The third section provides a user's guide for

PUNCTURE.
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Fig. 1.1 Simplified analysis computer programs
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?2.Calculation Equation

2.1 Calculation Model

In the case of the puncture does not cccur when the cask is dropped
onto a mild steel bar in a puncture test. In the modeling of a puncture
analysis as shown in Fig. 2.1, it is assumed that the kinematic energy
of the cask is absorbed into deformations of both the cask body and the
mild steel bar, provided the puncture does not cccur. The deformation
generated on the cask body can be evaluated based on the fact that loads
generated on the cask and the mild steel bar are equal to each other. In
this evaluation, the plastic theory of bending of a circular plate
having a multi-layer construction(e.qg. steel-lead-steel three layers)
is used, which has been developed by extending Onat 's theory and Asada's
research.
2.2 Energy Balance\

In the modeling of a puncture analysis program PUNCTURE, it is

assumed plastic enegy of a cask and a pucture bar is balanced with impact

eriergy. That is
Ey=WH, . 2.1

where

Ey : impact energy,

¥ : weight of impacting body,

H¢ : drop height of impacting body.

In the theory, elasticity of the material wusually is neglected and
the load-carrying capacity is estimated as the load at which a model
composed of an ideal rigid-plastic material would begin to deform. It
can be shown that, if the material is perfectly plastic{i.e. ;,nonstrain
hardening) and if the accompanying change in geometry is disregardéd,
plastic flow continues under constant load.

The load-deflection relationship of the mild steel bar is shown in

the following egquation.
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Pp=t(8p), 2.2)

where
Pp : load act ¢n steel bar,

§p : plastic deformation of steel bar.

On the other hand, the load-deflection relationship of the cask body is

shown in the following equation:

Pec=h (8c), (2.3)

where
P : load act on cask body,
'8¢ : plastic deformation of cask body.
In the case of the cask whose weight is W is dropped from a height H

onto the mild steel bar, the following equaticns are given from the

conservation law c¢f energy:

0

£(8,) =h(8c).

(2. 5)

The acceleration of the cask body is determined by the following
equation:

a=h(8; )/ (W /g}, (2.6

where

a : acceleration of cask body,

g : gravity constsnt.

2.3 Load Deflection Relaticnship

(1) 7ixed supported bending plate model

When a distributed load is applied to a three-layer circular

rigidly clamped at its edges as shown in Figure 2.2, the relationship

between the displacement and three load can be given by

e T S AN
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p*=1+qy+aU2; Wsu*),

P*:B1+§2U+Ba/uw; U=z U*),

where
P* =P / PL '
pP* : nondimensional load,
P : load,
P, : limit load,
U=8/1t*"
U : nondimensional deflection,
8§ : center deflection,

t* : equivalent plate thickness,

¥ =(1+m @R/ 0 )2,

R : radius of plate,
p : discontinuity radius of velocity curvature,
a : radius of loaded area,

and the factors a ,a: B .B: and .Ba are given by

R
[1 + 2 In—
a, = p )

{2 + ln—}iMl + lnf—]
P P

R
2[1 +3 ln—}
4

a R R)
32+ In—¢l1 + In—
: P P

2.7

(2.8)

(2.9)

(2. 10a)

(2.10b)
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R
{3 + in—
ﬁl = —“—""‘“‘pT ’ (2. 10¢)
2{2 + ln—-]
Y
R
2{1 + 2 In—
ﬁz = R P R . (2. IOd)
[2 + ln—][l + ln—}
P p
R
1+ In—
Bs=—_—;_?“. (2. 10e)
12[2 + ln-]
P

The discontinuity radius of the velocity g curveture is determined by
the fellowing eguations:

2 R
1'—'%[1"'111_ =0 ; (a/R$0.606), {2.11a)
3p P
21F R 2
1- [—] [1 +2 In—| + —[1 + lnB—] =0 ; (a/R 2z 0.606), (2. 11b)
P P 3 P
The limit load Po is given by
A
Pr=2nmMp o (2.12)
where
' R
A=2+ ln;; , (2. 13a)
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]

a

R .
B=1+1In—--— ; (p2a), (2. 13b)
p 3o
1 R p?
B= = + In— - ; (psa), 2.13¢)
2 1na 6 a’ P ( ©
1%)2 '
Mp = (%) o¥ ., (2. 13d)
£
where
Mp : secticnal yield moment,

g* : equivalent stress.
(2} Simply supported plate bending model

In the case of the simply supported plate bending model as shown in

Fig. 2.3, the equivalent load are given by

P*=1+§U2;(Ugo.5), (2. 143)

P*:zn+ﬁ;(uzo.5). (2. 14b)

The limit load P. is given by

20 Mp

-

1__...
3

{3} Fixed supported membrane plate model

PL = (2 15)

In the case of the fixed supported membrane plate model as shown in



where Np

Np

£
0'*
where the

tions:
Np

where
t1 :

te

ta

g,

g2

Ta
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is the sectional yielding lcad of the plate,

=g* t*,

and t* is a equvalent thickness of the plate.

2.4 Equivalent Thichness and Equivalent Stress

the quivalent plate thicknss t#* and the equivalent

relateed by the following equations:

4 Mp

- ¥

Np

Np

r

t*

sectional yield load Np is given by the

= (Ul )T tl + (02 )T tz + (03 )T ts ’

thickness of cuter plate,

: thickness of intermediate plate,
: thickness of inner plate,

: stress of outer plate,

: stress of intermediate plate,

: stress of inner plate,

Fig. 2.4, the load acting on the plate are given by the following:

(2. 16)

(2.17)

In converting a three-layer plate into an equivalent single plate,

stress o¥f are

(2. 18)

(2.19)

following equa-

(2.20)
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()¢ : denotes compression,
{ )+ : denotes tension.
Bccording to the position of the neutral axis of stress, there are

three kinds of stress states as shown in Fig. 2.5. Those are named stress

states A, Band C. In the case of the stress state A, the neutral axis

exists in the outer layer, the stress state B in the intermediate and the

stress state C in the inner.

{1) Stress state A
The equilibrium of stress in the three layer plates leads the

following equations {see Fig.2Z.ba):

(01)(‘, t = (U:)T(tl’t) + (0'2)th+ (0'3 )'r t, , (221)
where t is a distance fromouter surface to neutral axis.
_ (0‘1)1‘ t, + (Uz)r t: + (0‘3)1‘ ta . (2. 22)

(UI)C + (01)1‘

The sectional yield moment is given by the following equation:

Mp= (232 (0:); + %%(t; - t)%(o1)r + [tz[tl ~-t+ 133])(oz)r

+ [taitx -t + t, + '“t"z'?_]J(ts)r . (2. 23)

The stress state A is established by the following condition:

(01)c t1 2 (02)r tz + (0s)1 ts . (2.24)

{2) Stress state B
The equilibrium of stress in the three layer plates leads the

following equations {see Fig.2.5b):
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(G;)c t, T (Uz)c (t - ty) = (02)1' (t, + ta - t) + (03) t., (2.25)

t = = (01)9 t; + (Uz)c t, + (Uﬂ)'r (tl - tz) + (Ua)'r ts

(Uz)c + (02)1 (2. 26)

_ t, 1 vz
Mp = tx[t - ?](UI)C + ‘é‘(t tl) (o2)c
1 ts
+ E(tl +t; -t (o) +talty + 12—t 4 ? (oa)r » (2.27)

(a)e o + () ta 2 (o) ts . (2.28)
(3) Stress state C
The equilibrium of stress in the three layer plates leads the
following equations (see Fig.Z.5c):

(01)1: t, + (Uz)c t: + (Ua)c (t -t "tz) = (0’3)1 (tl + ty + 1~ t) s (2. 29)

- (o)e t = (@) ta + (o) (1 # tz) + (oa): (6 + t2 + ts)

= o 230
My, = t,[t - % (a)e + tz[t — %](Uz)c

. -;-(t b - a)a + é(tt bttt - Do (2. 31)

(o) ti + (@) ta € (@) ta . (2. 32)

2.5 Conditicon of Plate Puncture
The condition of the three layer plate puncture 1is given by the

following equatiocn:

P2omd (5t + % tst Ts ta) , . (2.33)

where

P : load,
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7. : failure shear stress of cuter plate,

1. : failure shear stress of intermediate plate,

T; : failure shear stress of inner plate,
= 0. 6(0’1)\1 N (2. 34a)
% = 0.6{c.)y > (2. 34b)
= 0.6(c)y > (2. 34c)

{(ov)u : ultimate tensile strenght of outer plate,
(Uz)u : ultimate tensile strenght of intermediate plate,

(cra)u : ultimate tensile strength of inner plate.
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{ v Cask }
\ _

Shell plate{cask body)

X

]

Puncture bar

Fig. 2.1 Puncture analysis model
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(a) Load distribution
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(b} Velocity distribution

Fig. 2.2 Fixed supported bending plate with distributed load
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RRR
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(a) Load dl.istribution

(b} Velocity distribution

Fig. 2.3 Simply supported bending plate with distributed load
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i

{a) Load distribution
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(b} Velcocitydistributicn

Fig. 2.4 Fixed supported membrane plate with distributed load
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3.Benchmark Calculation

In order to demonstrate the adequacy of the simplified computer
program PUNCTURE, the benchmark calculation using experimental results
of the LLNL has been performed. Table 3.1 shows the LLNL experimental

data.

Table 3.2 and Fig 3.1 shows comparisons between the LiNL
experiments and the PUNCTURE results. According to Fig. 3.1, results by
the computer program PUNCTURE agree with the experimental results
performed on multilayer plates. The PUNCTURE program are practicably
estimate the actual data to be obtained by the puncture test.

Table 3.1 LLNL experimental data

Item Diameter Thickness Length Material
{mm) {rm} (mm)
Outer circular plate 5.08 5US304
203.2 -
Inner circular plate 15.24 Lead
Puncture bhar 15.24 20.32 Steel

Table 3.2 Comparison between LLNL experiments and PUNCTURE

Ttem Limit load
(10" kgf)

Static test 1.15

LLNL experinents

Dynamic test [.2}

PUNCTURE ' 10.4
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41 ——LLNL Experiment .
---- Analysis (PUNCTURE code)
31 i
2 i
1
I Lty t
gt
1 D=203.2mm
t, =508 mm
t,=15.24mm
d =15.24mm
2 = 20.32mm
t'= 8.86mm
O | ] ]
0 i 2 3

Nondimensional displacement (3/1*)

Fig. 3.1 Load vs. displacement
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4., Computer Program

4.1 Program Description

The computer program PUNCTURE is static calculation program
capable of evaluating the maximum acceleration, the maximum load and the
maximum deformation of cask using Onat's theory and Asada's research.

The computer program PUNCTURE consists of a main recutine and nine

subroutines that are MAIN, CARDIN, SOLV1, SCLVZ, SOLV3, GETEQV, FITSTP,
NEWTON, TRGET and DPLOT. The eleven basic subroutines for plotting are
GOSCAIL, XYSCAL, PLTBGN, PLPEN, PLINES, PLMARK, PS¥YM, PNUMB, PNUMER,
PLTOR and PLREND. Overall structure of PUNCTURE is shown in Fig. 4. 1.
Functions of subroutines are as follows:

MATN : initiarizes the start of run,

CARDIN : reads input data,

SOLV1 : computes load, deformation and stress of punctured plates
and puncture bar using fixed supported bending plate
model,

SOLV2 : computes load, deformation and stress of punctured plates
and puncture bar using simply supported bending plate
model,

SOLV3 : computes load, deformation and stress of punctured plates
and puncture bar using fixed supported membrane plate
model,

GETEQV : computes equivalent thickness of punctured plates,

FITSTP : computes relationship of force and deformation of last
step,

NEWTON : computes discontinuity radius of velocity curveture using
the Newton Raphson method,

TRGET : computes stress and strain of puncture bar,

DPLOT : X-Y curve plot,

The plot basic subroutines are as follows:

GOSCAL : scaling of geometry plot,

XYSCAL : scaling of X-Y plot,

PLTBGN : initiatization of plotter,
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PLPEN : chage plotter pen size,

PLINES : draw line,

PLMARK : plot round mark,

PSYM : write letter,

PNUMB : write number,

PNUMER : write number,

PFLTEOQR : plot new figure,

PLTEND : plot end.

A macroscopic flow chart of PUNCTIURE is shown in Fig. 4.2.

4.2 Description of Input Data

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

The input data forms are presented in Table 4.1.

4,3 Description of Cutput Data
This section describes the output data forms of PUNCTURE. The

contents of these various quantities 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 lists
the input data as interpreted by PUNCTURE.

(2} Calculation data

The input data, the deformations, the forces, the energys and the
accelerations are printed at every interval steps.

(3) Graphical output
PUNCTURE provides users with graphical output of the deformations,

the relationship between the accelerations and the deformations, the

dissipation energys and the deformations, the accelerations and the

dissipation energys and sc forth.
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Table 4.1 Input data for PUNCTURE

Columns

Format

Variables

Descriptions

Data set No.1l:Job description.

I - 5
6 - 10
1t - 80

A5

oX
TOAL

NAME

NTITLE

Flag for job description.
"TITLE’.
Blank,

Job description.

Data set No.2:Calculation model data.

1 - 8
9 - 10
11 - 20
21 - 30
31 - 40
41 —- 50
51 - 60
61 — 70

A8

2X
F10.0
F10.0
F10.0
F10. 0
F10. 0

F10.0

NAME

ROUT

A

TLENG
THICK{1)
THICK (2)

THICK(3)

Flag for calculation model.

"FIXED-B * :Tixed supported bending plate
model.

"FIXED-M ' :fixed supported membrance plate
model.

* SIMPLE-B’ :simply supported bending plate
model.

Blank.

Radius of circular plate(mm).

Radius of puncture bar(mm).

Length of puncture bar (mm).

Outer layer thickness of circular plate(mm).
Intermediate layver thickness of circular
plate{mm).

Inner layer thickness of circular plate{mm).

Data set No. 3:Geometry data.

P - 8
9 - 10
1 - 20
21 - 30

2A4

2X
F10.0
F10.0

NAME

WEIGHT
HEGHT

Flag for calculation.
TANALYSIS :ecalculation start.
Blank.

Weight of cask(kg).

Height of cask(mm).




JAERI-Data/Code 97-036

Table 4.1 (Continued)

Columns Format | Variables Descriptions

31 - 40 FF10. 0 DISP Deformation increment for caleulation(mm). Lf
DISP is blank or 0.0, DISP is equal to 1. Omm.

41 - 45 5X - Blank.

46 - 49 Ad NAMEL Flag for plotting of calculation results.
"PILOT" :plotting of calculation results.
’ ":no plotting.

h0 iX — Blank.

Al - 60 F10.0 TAU(1) Failure shear stress of outer layer plate
(kg /mm’) .

61 - 70 F10. ¢ TAU(2) Failure shear stress of intermediate layer
plate (kg/mm’).

71 - 80 F10.0 TAU(3) Failure shear stress of inner layer plate

{kg/mm*).

Data set No. 4:Yield stress data

1-5
6 - 10
11 - 20
21 - 30
31 - 40

AS

oX

F10.0

F10.0

F10. 0

NAME,

SIGML
STGM2

SIGM3

for plates.

Flag for yield stress of plates.

" PLATE' :

Blank.

Yield stress of outer layer plate(kg/mm®}.
Yield stress of intermediate layer plate
(kg/mm’).

Yield stress of inner layer plate(kg/mm’).

Data set No.5:Number of stress—strain data of plates and puncturc bar.

1- 4

5-10

Ad

6X

NAME1

Flag for plate and puncture har data.
*SI1G1’ :Tlag Tor outer layer plate.

"SI1G2" :flag for intermediate layer plate.
"SIG3 :flag for inner layer plate.

*SIGT :flag for puncture har,

Blank.
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Table 4.1 (Continued)

Columns

Format

Variables

Descriptions

11 -

15

15

NSET

Number of stress-strain data of plates.

Data

21 -
31 -
4] -
51 -
61 -
71 -

set No. 6:Stress—strain data for plates and puncture bar.

10
20
30
40
50
60
70
80

F10.0
F10.0
F10.0
F10. 0
F10.0
F10.0
F10.0
F10.0

VALTAB(1, 1)
VALTAB(2, 1)
VALTAB(1, 2)
VALTAB(2, 2)
VALTAB(1, 3)
VALTAB (2, 3)
VALTAB(1, 4)
VALTAB(2, 4)

Strain (mm/mm).

Stress (kg/mm’).

Strain (mm/mm).
Stress(kg/mm?).
Rpeat No.6 data set for number of necessary

data NSET of data set No. 5.
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CARDIN

SOL V1

GETEQV

FITSTP

NEWTON

SOLV2

SOLV3

DPLOT

TRGET

Fig. 4.1 Structure of computer program PUNCTURE
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Input data
F55
Read
Writ .
PUNCTURE -—-——a-
Read
Write Plot

Cutput data
F06

Fig. 4.2 Program flow



JAERI-Data/Code 97-0306

5. Conclusions

With regard to the evaluation of the maximum acceleration and
deformation of the cask bodys in the case of the drop impact onto the
puncture bar, a simplified computer program PUNCTURE 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 PUNCTURE is further being utilized satisfactory in
safety analysis and designing not only spent fuel transport casks but

also those for various radicactive transport casks.

Ackowledgements

The author is indebted to Dr. Kazuo Asada of Mitubishi Heavy
Industries, Ltd. for preoviding the sample problems and valuable
discussions. He is also indebted to Mr. Yutaka Hasegawa, Junji Oshika
and Takashi Ishiwata of CRC Research Institute, Inc. for assistance of

making the computer program
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With regard to the evaluation of the maximum acceleration and
deformation of the cask bodys in the case of the drop impact conto the
puncture bar, a simplified computer program PUNCTURE 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 PUNCTURE is further being utilized satisfactory in
safety analysis and designing not only spent fuel transport casks but
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Appendix A Sample Problem Input

INPUT DATA ECHO

1 2 3 4 5
————§——em-p====§-——-0-===5-——-Q~--=5-~~-0----5----0----5-=-=
TITLE TEST MODEL RUN ¢ (B/T1)=3.0 MODEL O
SIMPLE-B 101.6 7.62 20.32 5.08 15.24
ANALYSIS 9000.0 1000.0 1.0 PLOT 61.80
PLATE 27.70 1.120
SIGT 1
0.0015 31.64
FIN
———-§eeeQu===§erm—0-—==§-===0--—-=-5----0----5----0---=5--—-

1 2 3 4 5

x ¥ % INPUT DATA END =* * =



MODEL DATA
1 2 3 4 5 6
SRR SR+ P R [ JSPPE T« ERE S « UM S  «JE B TR S
1~ TITLE TEST MODEL RUN ( (D/T1)>=3.0 MODEL )
2- SIMPLE-B 101.6 7.62 20.32 5.08 15.24 0.0
3- ANALYSIS $000.0 1000.0 1.0 PLOT 61.80 3.164
4- PLATE 27.70 1.120
5- S1GT 1
6~ 0.0015 31.64
...... ANALYSIS MODEL=SIMPLE-BENDING
...... MODEL WEIGHT =  9000.00 (KG)
...... HEIGHT =  1000.00 (MM)
..... . RADIAUS = 101.60  (MM)
...... TARGET RADIAUS = 7.62  (MM)
...... TARGET LENGTH = 20.32 (MM}
...... INCREMENT DISP= 1.00  (MM)
...... TOTAL ENERGY =  9000000.0(KG-MM)
...... PUNCTURE LOAD= 10403.77 (KG)
Appendix B {Continued)
TEST MODEL RUN (¢ (D/T1)=3.0 MODEL ?
STEP DEPTH FORCE ENERGY ACCELERATION BAR-DISP.
1 1.0000 2350.80 2379.99 2559.76 0.01
2 2.0000 2468.59 4880.76 2688.02 0.03
3 3.0000 2664.89 7583.15 2901.77 0.04
4 4.0000 2939.72 10568.51 3201.02 0.06
5 5.0000 3291.61 13917.34 3584.20 0.07
6 4.0000 3699.61 17689.23 L028.47 0.09
7 7.0000 4140.13 21919.88 4508.14 0.11
8 8.0000 4600.96 26632.63 S009.93 0.14
9 9.0000 5075.33 31844.00 5526.47 0.16
10 10.0000 5559.19 37566.40 6053.34 0.19
11 11.0000 6049.95 43809.64 6587.72 0.23
12 12.0000 6545.87 50581.79 7127.73 0.26
13 13.0000 7045.77 57889.73 7672.07 0.30
14 14,0000 7548.80 85739.47 8219.81 0.34
15 15.0000 8054 .33 74136.40 8770.28 0.38
16 16.0000 8561.90 B3085.43 9322.95 0.43
17 17.0000 9071.13 92591.11 9877.45 0.47
18 18.0000 9581.76 102657.73  10433.47 0.52
19 19.0000 10093.57 113289.32  10990.77 0.58
20 19.1000 10144 .80 114847.31  11046.56 0.69
21 19.2000 10196.05 116415.93 11102.37 0.74
22 19.3000 10247.31 117995.21  11158.18 0.80
23 19.4000 10298.58 119585.18  11214.00 0.85
24 19.5000 10349.85 121185.86  11269.B84 0.90
25 19.6000 10401.14 122797.30  11325.68 0.96
26 19.6051 10403.77 122880.46  11328.55 1.01
PLATE IS PUNCTURED.
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Appendix B Sample Problem Cutput

PUNCTURE

BAR-STRESS

12.89
13.53
14.61
16.12
i8.04
20.28
22.70
25.22
27.82
30.48
33.17
35.88
38.63
41.38
44 .15
46.94
49.73
52.53
55.33
55.61
55.89
56.18
56.46
56.74
57.02
57.03




JAERI-Data/Code -97-036

Appendix C Graphical Output
TEST HMODEL RUN ( (D/T11s3.0 MOCEL 1

r10* )
16.0 T T T T T T T T
14,0 N
12,0} 4
= ioc.o L .
p =y
&
x
8.0 .- -
-
o 6.0 | 4
[+ =4
Ll
=z
l
.0 L -|
2.0 -
7
-0 } : : : : : : : :
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
DEFORMATION MM - {STMPLE-BEND
Fig. C.1 Graphical Output of PUNCTURE (1)
TEST MODEL RUN ( (D/T11=3.0 HMODEL )
1103
12.0 T T T T T T T T T
10.54- ]
9.0 L -
7.5 i
o
6.0 4
=
(=]
oy
i
o=
wl
— 4.5 1 ]
(V8
(]
(=)
o
3.0 . .
1.5 ]
0.0 — : | | % : % : :
6.0 2.0 4.0 6.0 8.0 40.0 12.0 14.0 16-0G 18.0 20.0
DEFORMATION ul;] [SIMPLE-BENC

Fig. €.2 Graphical Output of PUNCTURE (2)
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FORCE

G

RCCELERARTICN
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TEST MODEL RUN. { (D/T1)=3.0 NOBEL )

110° )
2.l T T T T T T T T T
1054 |
s.0 L ]
7.5 |1 4
6.0 | 4
4.5 | .
3.0 | -
1.5 | i
0.0 | i : : : = = : :
a.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 i6.0 16.0 20.0
OEFORMATION M {SIMPLE-BEND
Fig. C.3 Graphical Output of PUNCTURE (3)
TEST MODEL RUN { (D/T13)=3.0 HODEL 1}
12.0 (e* )
° T T T T T 1 T T T
10.5.1 _
.0 L B
7.5 | 4
6.0 | _
4.5 ]
3.0 1 i
1.5 L 4
b-0 | | : : : | = : |
a.0 1.5 3.0 4.5 6.0 7.5 9.0 10.5 i2.0 13.5 15.0 ¢10°
FORCE KG ' {SIMPLE-BEND

Fig. C.4 Graphical Output of PUNCTURE (4)



KG

FORCE

KG/MM=2

BAR-STRESS
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TEST MODEL RUN ( (D/T13=3.0 HODEL 1}
t1a? )

T T T 1 T T T T T

1.5 L -
0-0 f f } 5 f } i f ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.
DEFORHMATION MM [STHPLE-BEND
Fig. C.5 Graphical Output of PUNCTURE (5)

TEST MODEL RUN ( {D/T1)=3.0 MODEL )

80-0 T T T T T T T T T

W.0L -

] H ] ! Il $ 1
1 T ¥ 1 ¥ i T
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.

DEFORMATION il [SIHFLE-BEND

Fig. C.6 Graphical Output of PUNCTURE (6)
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TEST MODEL RUN ( (DB/T13)=3.0 MODEL }

T T 1 T T T ] T T

KG

-FORCE

NODIM
~
o
]

T

i

0.0 ] ] i ] I ] 1 l
T T 1 T T 1 l I 1

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
NOOEH .DEFORHATION MM ({SEMPLE-BEND

Fig. C.7 Graphical Output of PUNCTURE (7)
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Appendix D Job Control Data

The job controcl data for PUNCTURE execution on the computer FACOM
M-780 in JAERI is a=z follows:

//JCLG JOB

// EXEC JCLG

//SYSIN DD DATA, DLM="++"'

// JUSER XXXXXXXX.XX, XXXXXXXX, XXXX.XX, PUNCTURE

// T.01C.02W.01 1.02CLS GRP

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

// OPTP PASSWORD=XXXXXXXX

// EXEC LMGOEX, LM=J2322,IMPUNCT1, PNM=FINLIB

// EXPAND GRNLP

//FT55F00) DD DSN=JXXXX.DTPUNCT1.DATA, DISP=SHR

//FT02F001 DD DSN=SPACE= (TRK, (5,5} } ,UNIT=TSSWK

++

//
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