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In drop impact analyses for radioactive transport casks, it has become possible
to perform them in detail by using interaction evaluation computer programs such
as DYNA2D, DYNA3D, PISCES and HONDO. However, the considerable cost and
computer time are necessitated tc perform analyses by these programs. To meet
the above requirements, a simplified computer program CRUSHZ has been developed.
The CRUSH? is a static calculation computer program capable of evaluating the
maximum acceleration of cask bodies and the maximum deformation of shock
absorbers using an Uniaxial Displacement Method (UDM) .

The CRUSH? is a revised version of the CRUSH1. Main revisions of the computer
program are as follows;

(1) not only main frame computer but also work stations (OS UNIX) and
personal computer (OS Windows 3.1) are available for use of the CRUSHI
and

(2) add cover plate effect of shock absorber.

In the paper, brief illustration of calculation method using UDM is presented.
The second section presents comparisons between UDM and the detailed method.

The third secticn provides a use's guide for CRUSHZ.

Keywords: Computer Program, Impact Analysis, Cask, Drop Impact, UDM, Transport
Cask, Structural Analysis, Static Analysis
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1. Introducticn

In the drop impact analyses for radioactive transport cas ks, it has
become possible to perform them in detail by using interaction
evaluation, computer programs, such as DYNAZD, DYNA3D, PISCES and HONDO.
However, the cconsiderable cost and computer time are necessitated te
perform analyses by these programs. To meet the above requirements, a
simplified computer program CRUSHZ as shown in Fig.l.l has been
developed. The CRUSHZ is a static calculation computer program capable
of evaluating the maximum acceleration of cask bodies and the maximum
deformation of shock absorbers using an Uniaxial Displacement
Method (UDM) {1) as shewn in Fig. 1.2.

CRUSH? is a revised version of CRUSH1(2). Main revisions of the
computer program are as follows;

(1) not only main frame .computer but also work stations (03 UNIX) and
personalcomputer (OS Windows) are available for use of CRUSH2 and

{2} add cover plate effect of shock absorber.

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

detailed method. The third section provides a use’s guide for CRUSHZ.
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2. Calculation equation

2.1 Calculation medel
In.the modeling of shock absorber, it is assumed that the shock absorber

consists of three or four species of material as shown in Figs. 2.1 to 2.3.
In the figures, the symbols of K;(i=1~5) indicates boundary condition

constants which are estimated by an overpack stiffness and boundary condition of

the shock absorber.
When the shock absorber deforms by the displacement A ¢ in a corner drop

as shown in Fig.2.4, the strain ¢ of an one-dimensional bar is

A (2.1)

The force f of the one-dimensional bar is
{=Ko(e) AA . . (2.2)

where ¢, ¢ and AA are the length, stress and areaz of the one-dimensional

bar. K is the boundary condition constant. The total foree F of the shock

absorber is

F= Z f; . (2.3)
i
The dissipated energy E(§ ) can also obtained using equation similar to
above Egq.(2.3) -
G 2.4)
E(s)= [, Fdf . (
Therefore, when a cask whose weight of W is dropped from a height H with an

oblique angle &, the maximum displacement of the shock absorber § and the

maximum acceleration of the cask body g are given as follows.
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E(S) =.Y “W-H , (2.5)

o = F—(h-f—)— ; | (2.6)

where v is the ratio of the energy absorbed in the primary impact to
the total energy absorbed in the primary and secondary impacts. M is

mass of the cask.

2.2 Vertical drop iImpact

In the modeling a shock absorber in CRUSH, it is assumed that the
shock absorber consists of three or four species of shock absorber
materials as shown in Fig. 2.5. In the figure, the symbols of J4, Op,
gc, Op indicate their materials determined by the geometries of the
cask and the shock absorber.

when the shock absorber deforms by a displacement Z in a vertical
drop, the impact load F and the dissipated energy E are given by

following equations.

Fg1 + Fi1z2 + F23 + Fay + Fys (2.7)

g
1

™=
1}

Z
[ F dZ , (2.8)
0

where, for the region O~Ri
Z 2
Fo: =Kp m UDCE;) Ry, (2.9)
for the region Ri~R:
= Z 2.R;? (2.10)
Fiz = K2 7 GA(E;)(RZ -R17) .
for the region Rz~Rj

F23 = K3 T 03(%%)(R32-R12) . (2.11)
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for the region R3~Rs

Fu=Kir oB( AZZB ) (RZ-R); (for on material),
3
(2.12)
= Alg 2] 2. ;
Fog=Kymog (R;*~R,%); (for oc material) ,
Za—Zs
Z=AZp+ AZc,
(2.13)
o 2] {25
B{ "7, gc 7=,
for the region Ry~Rs
Fs=Ksmos (%) (Ri:—R}2); (for g material) ,
3
(2.14)
_ AZC 2—“ 2y . .
Fis=Ksmoe (R~ R/“); (for ¢ material) ,
Z4—Zg '
Z = AZg+ AZc,
{2.15)
(AZB) _ ( AZ¢ )
JB 7 ac Ta—7a)"
02K =1

oi{i=A, B, C, D) are stress in these material regions.

2.3 Horizontal drop impact
When the shock absorber deforms by the displacement Z in a horizontal drop
as shown in Figs. 2.6 to 2.8, the impact load and the dissipated energy are

given by following equations.

F =Y Fij=Fu+Fiu+Fu+Fu+Fs+Fss+ Fa+ Fu+Fe, (2.16)

Fy=2 [, AF dx , (2.17)
E = ‘J"; F dy , (2.18)

where, for the region 0~Z:; and 0~Ri
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AF = K3 OD(%%f)dx'Zl; (for op
Ay

AF = K3 GA(f;*ﬁdX'Zl; (for Oy

2

Ay s

AF = Ky op(—2)dx*Z,; (for GB
¥3

yi = 2VR2-x2

Yo = 2(/R22*X2 - /klz—xz) s

y3 = 2(/R52—X2 ~ VRp2~x%2)

U = Ay1 + Ayaz + bdys

5 2R 1\ ¢ S £
UD(Yl) UA(YZ) UB(Ya) -

U £ 0, for AF = 0)
U=y -h;

U > 0, for AF ¥ Of
h = Rs - VRg2-x2 .

For the region 0~Z; and Ri~R:

material)

material)

material)

]

AF = K3 OA(%§l)dx'Zl; (for op material) ,
1

AT = K3 UB(%%i)dx-zlg (for Og material)
2

y1 = 2/Ra%-x?

y = 2(/Rs2—x2 - VR22-x?)

U = AYI + AYZ 3

Ayiy _ Ay

a =0

A(yl) B(y2)
For the region 0~Z; and R2™Rj

AF = Ki oB(%)dx-zl ,

y = ZJRSZ—XE

.

/

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.25)

(2.26)

(2.27)
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For the'region Z1~Z; and 0~Rs equations are similar as éqs.(2.9)
through (2.25) when Z; changes to (Z,-Z)) and Ki to K..
For the region Z,~Z, and 0~~Rj

AF =K, aﬁ(%) dx - (%5~ Za) | (2. 28)

where

y=./r—~xt— /R —x%. (2.29)
For the region Z,~Z; and Rs~Rs

AF = K, O’B(%) dx - (Z3—Zy) , - (2.30)

where

y=2,/Rg—x*. (2.31)

For the regicn Zi~Zy and 0~R;

AF =Ky Jc(%)dx (Za—Zg), (2.32)
where
y:‘\/REE_xz“.\/RE'Z"XZ, (2‘33)
For the region Zi~Z, and Ri~Rs
(2.34)

AF = K4 UC(%)dx (24— 2Z3) ,

where

y=2/RE=. (2.35)

For the region Zs~Zs equations are same as the region Z;~Zy, the region
Zs~17 same as the region Z,~Z:, the region Z;~1Zs same as the region Z;~2;

and the region Zg~Zs same as the region O~Z;.

2.4 Oblique drop impact
In the modeling a shock absorber in CRUSH at a obligque drop impact, it is

assumed that shock abscrber consisis of one specy of shock absorber material

as shown in Fig. 2.3. The stress of a wocden

i8i
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shock absorber can be written as following, including the effect of the

wood grain angle 9.
gy = dp cos?6 + op sin?® , : (2.36)

where 0p, OB and Ox are stresses in the wood whose grain direction is
parallel, perpendicular and angle 9 degree to the drop direction,
respectively.

Let consider a cutway section of a shock absorber as shown in
Figs. 2.9, 2.10 and 2.11. The impact load and the dissipated energy

are given by following equations (see Fig. 2.11).

XM
Fy = 2[ AF dx , (2.37)
0
F = J F; d5 , (2.38)
a ,
y
E = [ Fdy , (2.39)
0
U £0, for AF =0

y-ho=h; . (2.40)
U >0, for AF &0

o
[}

Sectional figures of the shock absorber in the case of oblique
drop are shown in Figs. 2.12 and 2.13.
Let consider S-T coordinate as shown in Fig. 2.14.

The coordinates of points P1~Piz and Q1~Q4 are as follows.

-

Py, { ~Rscosb . Rssind }
P, 1 -Ricosf . Risinf }
Py | RicosB , -RysinB 1
Py, 1 Rscosd . -Rssinf }

Ps {-RiycosB + Zzsinb, Rscinb® + ZacosB}
Ps {-Ricos® + Z,sin8, R;sinf + ZocosB}
P; { Ricos® + Zzsinf, —Rysin® + ZzcosB}
Pg { RscosB + Zzsinb, -R3sind + ZacosB} . (2.41)
Py {-RscosB + ZysinB, Rssind + Zycos9}

Pi¢ {-Racosb + Z,sinb, RisinB + Z,cos9}

— 9 —
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P11 {-Rgcose + ZysinB, -Rysinb + Z,cos6O}
Pi2 { RscosB + Zysinf, -Rssinf + Z,cosf}
Q2 {-Ricos® + Z:8inf, Risinf + Z;cosbB}
Qs { Ricos8 + Z;sinB, -Risinf + Z cosB}
Qs | Z:sind . ZocosB }

Qs { RuycosB + Z,sinf, -Rysinb + Z,cosf} |

The length of hy as shown in Figs. 2.12 and 2.13 are as follows.

When op % 0
. sinB .
hg = Rssinb - Coze S 3 (region P;~P2 and P3~Py) ,
, (2.42)
6
hy = giie (8 - RscosB); (region Py~Pi3) .
When op = 0
' , in0 , \
hy = Rssinf - size S ; (region P3~P; and P3~P,) ,
cosB
hy = oind (S - RscosB); (region P,~Pi1:)} ,
L
ho = :if‘lg ($ + RicosB) + (R1 + Rs)sinb; (2.43)
(region(P2~Q2~Pg)
- hg =« 3 (region Pg~Qo~P7) . )

The lengths of h;, £; and %2 are as follows.

(a) If %; 1s known {(5<Ps, 850, £3;=0 and Ky=0), hg¢, h1 and 22 are

shown in Fig. 2.15(a).

. |
2 = ind ; (region P1~Pg) ,
(2.44)
_ 1 v, N
%2 = sinfcosh (Zysin® - 8); (region Py~Pio).
WhenOD*O
hy = - Syacs (2.45)
! sinfBcosd .
When op = 0
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s .
hi = = SinBeose’ (Tesion Pi“F2)
(2.46)
5 . ~
hy = Sind ; (Region P2~Pg)

(b) If £: and %, are known (S<Ps, 5>0, opk0, hi=0 and Kp=0), ho,

2, and %, are shown in Fig. 2.15(b).

R .
b2 = siie ; {region P1~Ps) ,
(2.47)
1 | ‘
f2 = sinBcosH (Zysin® - 8); (region P9~Pig) »
S
b1 = Sinbcost ; (SSP,, region P2~Py~P12),
(2.48)
R 3
1% SinB . (S>Py, Tegion P2~Py~P12),

(c) If %2 is known (S<Ps, S>0 and op=0), ho, ha and %; are shown

in Fig. 2.15(c) and are same as Kgs. (2.42), (2.43) and (2.43).
(d) 1If %2 is known (PsS52Qo and Kp=1), ho, hi, £, and L2 are shown

in Fig. 2.16(d).

1 .
Lo = SInBcosh (Z;5in8 - S} . (2.49)

When op % 0
S
by = - sinfcosb ’
; (for S5 0) , (2.50)
R,l=0,
hy =0 ,
; (for 0 < § £ Ps) - (2.51)
S
4 sinBcosh °’
h1=0!
; (for 5 > Py) . (2.52)
_ _Rs
1 = sinb
WhenOD=0



JAERI—Data/Code 97—001

= B1_
hy = sinf *
_ ; (for 8 £ Pg) , (2.53)
-21'_'0!
hy = ———  (Z,5in8 - §)
sinficos8 2 ?
; (for § > Pg) . (2.54)
Ly =0,

(e) If %; 1is known (QpsSSPi, f£2=0 and Kh=l)’ h; and £; are shown

in Fig. 2.16(e).

? For region Q¢ ~ Pg

|
i 1
h; = SinBeoso (S - Z,sinb) , (2.55)
S
11 = Sinbeoss ¢ (for S < P
(2.56)
R
L1 = sige ; (for § 2 Py)
For region Py ~ P;
- B3
by = sinb ' (2.57)
1 = ——=—— ; (for S < Py)
1 sinBcosh ? 4 ’
(2.58)
- _Bs . >
I, = Sinb : (for 5 2 Py)

(f) If £, is known (5>P1, £2=0 and Ku=1), hi and %; are shown in
Fig. 2.16(f).

1
hy = SinfBcosd (S - ZysinB) , (2.59)

S

1 = sinBcosb

; (for § < Py) ,
' (2.60)

= Rs . >

The sectional figure of the shock absorber in the case of the

oblique drop impact as shown in Fig. 2.17, is an ellipsoid. The
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equation of the ellipsoid is as follows.

2 2
x4 X? =1 ,
Rs? b
where
- B5
b= sinb

Rearranged eq. (2.61), using y=h(xpy)

xyq = vb2-h? +« sinb ,

y = 1 ,/RSZ__XZ

sind

Force AF at the sectional area (AS, Ax) 1s as follows.

AF = K-o(%)AS-Ax.,

. where K is the boundary condition constant as shown in Fig. 2.18.

where
K: : for op=0; region P3~Qs,
for op¥0; region P1~Xi,
K; : for op=0; region Q3~Ps,
for OD%O;:region X1~X2,
Ky : for region P11~Qu,

Ky : for region Qu~Pi2.

2.5 Convergence method

The convergence methods for two or three materials in one

dimensional bar in the case of the oblique drop impact, are as

follows,

(2.61)

(6.62)

(2.63)

(2.64)

(2.65)

(2.66)
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(1) Two materials

According to the stress-strain relation as shown in Fig. 2.19,

the following equations are derived.

GA=OA0+KAEA=OAO+%§UA ,
(2.67)
K
U = OBO + Kpg €p = OBD + E% g
and
UA+UB=U s
(2.68)
-gp +0og =0 ,
from above two equations
1 1 Up 4]
= - (2.69)
ks K 0 _ g0
LA B Ug SF OB
solve Eq. (2.69), we obtain U, and Ug.
(2) Three materials
[ 1 1 1 7 {uva [ u )
_Ka KB = d g% -’ b . 2.70
2y RIB 0 4 Up Oa B ( )
K Kk s’ - ou®
Za 0 K UK A K
S — . L /
(3) Strain, stiffness and stress
Strain
ey = - (2.71)
i
Stiffness (see Fig. 2.20)
_ 02 -0y
Ki = €. — 21 ° {2.72)
Stress (see Fig. 2.20)
o, =07 -K{ * €1 . (2.73)

1
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2.6 Cover Plate of Shock Absorber

Modeling of cover plate as shown in Figs. from 2.21 to 2.23 are same

as shock absorber.
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Material

Cask body

K4lK5

Y 4
B2 e
VA c
o

K4!K5

Shock absorber

(a) Type 1
Fig. 2.1 Vertical

K;~K. : Boundary
condition
constant

(b) Type II

drop model

Material
A A ¢
- [ o
Ky Kz
s/ o
I Cask N
A A A
(505 < A
S :::E::::::::::::: Absorber
(a) Type 1
K, ~Ka : Boundary
condition
constant
{b) Type II

Fig. 2.2 Horizontal drop model

— 16—
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Materiai
R x

Ky~K, : Boundary

condition
constant
(b) Type II
Fig.2.3 Oblique drop model
Strain : ¢
o= O
I B_I
- One-dimensional Force :F;
- Ki b i-th
/ ¥ ) F=Kialen)A,
7= Total force : F
J
- R F=3FiA;
7 b, Acceleration : o
/%3
5(7 Ji F
172 T=H
A
M : Mass, A : Area
Shock absorber ¢ : Stress, K : Boundary
condition
constant

Fig.2.4 Uni-axial displacement method
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{} Direction of drop

7 ,
1 . /Cashbody
© Shock absorber
Ke  Ks —7
) b
¢ —
Ki K; K
1 2\3 — 7,
_21 Eg 'e?:
y I\\ TR
0 R/ Ry Ry Ri Rs
Material
A
[ 1B
E== C
E=0»

Ki~Ks . Boundary condition

constant

Fig. 2.5 Geometry and material in the case of vertical drop model

A= B @ Direction of drop
Ri— b — Cask body 7“ l
R:— Ka K Ky Kj
Shock R ""'R - \ /Shock absarber
(] o] R4 AL |
absorber = | \ \\
R — 7] N T
v I Z: Iy Is g 21 Iy 7y
A*J E’v<J Material
A
1B
C
[T o
Ki~K, : Boundary condition
constant

Fig.2.6 Geometry and material in the case of horizontal drop model
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(a} Section A-A (c) Section B-B
(with Material D)
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777777777
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(b} Section A-A
(without Material D)

Fig. 2.7 Section view of horizontal drop model

—
?
X
g AX

g
7 7
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Fig. 2.8 Sectional area of shock absorber
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@ Direction of drop
Shock abscrber

Cask bedy

<

Material

[ 11X

K,~K, : Boundary
condition
constant

Fig.2.9 Geometry and material in the case of obligue drop model

(N (U

{a) Section A-A (b} Section B-B {c) Section C-C

Fig.2.10 Sectional figure of shock absorber in the case of oblique drop (1)
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Fig.2.23 Cover plate in the case of vertical impact model
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3.Benchmark Calculation

In order to demonstrate the adeguacy of the simplified computer
program CRUSH2, the benchmark calculations using experimental results
of the 1/4 scale model of NUPAC 125B cask as sheown in Fig. 3.1 have been
performed.

Figure 3.2 is the deformed shapes of the cask after 9 meters drop
impact to obtained by the detailed computer program DYNA3D. The
cemparison among the results obtained by the experiments, the
simplified computer program CRUSH1 and the detailed computer program
DYNA3D is shown in Table 3.1. The relation among the oblique angles of
cask drop attitude and the maximufn_ acceleraticns and the maximum
deformations obtained by CRUSH]1 are shown Iin Figs. 3.3 and 3.4.
According to Table 3 .1 and Figs. 3.3 and 3.4, results by the simplified
computer program CRUSH]1 agree with both the experimental results and

that of the results of the detailed progr am DYNA3D.

Table 3.1 Comparison between simplified and detailed analyses and experiment

Acceleration {G) Deformation (mm)
Attitude Simplified Detailed Simplified Detailed
Experiment analysis analysis |Experiment| analysis analysis
crRUsHI|crusHz| D YNASD crUSHI|cRusHz] D YNASD
Vertical 200 179 208 271 51 52 50 50
(200) =k *
Corner 106 125 | 136 (13% 127 151 | 146 | 118
Horizontall 180 183 | 219 (1222) 61 63| 74| 57

* Value of low pass filter is 600 Hz.

Impact velocittty
* % Mean value = Rebound time

(NUPAC 125B cask 1,74 scale model).
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4, Computer Program

4.1 Program Description

The computer program CRUSHZ2 is static calculation program capable
of evaluating the maximum acceleration of the cask body and the maximum
deformation of the shock absorber using the uniaxial dispiacement
method.

The computer program CRUSH2 consists of a main routine and thirteen
subroutines that are MAIN, CARDIN, VERT, HORIZ, CORNER, MULTI, GETMAT,
EQSOLV, GETSIG, FITSTP, SIMPLL, MPLOT, DPLOT and UPLOT. The eleven basic
subroutines for plotting are GOSCAL, XYSCAL, PLTBGKN, PLFPEN, PLINES,
PLMARK, PSYM, PNUMB, PNUMBB, PLTCR and PLREND. Overall structure of
CRUSH? is shownh in Fig. 4.1. Functions of subroutines are as follows:

MAIN : initiarizes start of run,

CARDIN : reads input data,

VERT : computes acceleration and deformation in the case

of vertical (head-cn or bottom~on) drop ompact,

HORIZ : computes acceleration and deformation in the case

of herizontal {side-on) drep impact,

CORNER : computes acceleration and deformation in the case

of oblique drop impact,

MULTI : computes relaticn of stress-straindata for multi-

material layers,

GETMAT : computes relation of stress-strain data for single

material,

EQSOLV : computes matrix data,

GETSIG : computes stress,

FITSTP : curve fitting for stress-strain data,

SIMPLL : computes cover plate length of shock absorber using

Simpson interporaticn method,

MPLOT : geometry plot,

DELOT : X-Y curve plot,

UPLOT : deformation plot.

The plot basic subroutines are as follows:
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The plot basic subroutines are as follows:
GOSCAL : scaling of gecmetry plot,
XYSCAL : scaling of ¥-Y plot

PLTBGN : initiatization of plotter,
PLPEN : chage plotter pen size,
PLINES : draw line,

PLMARK : plot round mark,

PSYM : write letter,

PNUMB : write number,

PNUMBB : write number,

PLTEOR : plot new figure,

PLTEND : plot end.

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

4.2 Description of Input Déta

This section describes the input data reguired by CRUSHZ. The input
data consists of the job description, the analysis type such as drop
attitude, geometry, the cask weight, the initial conditiocn, the
boundary condition constants, the geo metry unit selection and options
for output plotting. The input instruction is =zi mple and easy follow.

The input data forms are presented in Table 4.1.

4.3 Description of Output Data

This section describes the output data forms of CRUSHZ. The
contents of these various gquantities 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 CRUSHI.

(2) Calculation data

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

(3) Graphical output

CRUSH2 provides users with graphical cutput of the defermation,
relationship acceleration and deformaticn, dissipation energy and

deformaticn, acceleration and dissipation energy and sc forth.
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Tahle 4.1 Input data for CRUSHZ

Columns

Format

Variables

Descriptions

Data set No.1l:Job description.

1~ 8 244 NAME Flag for data type.
"TITLE .
9~ 10 2X — Blank,
11 - 78 T0AL NTITLE Job description.
Data set No.2:Calculation model data.
1- 8 2A4 NAME Flag for type of drop.
' VERTICAL' :Vertical drop(Head—on drop or
Bottom—on drop).
" HORIZONT' :Horizontal drop(Side—on drop).
"CORNER ' :0blique drop.
9 - 10 2X - Blank.
11 - 20 F10.0 WEIGHT Weight of cask(kg).
21 - 30 Fi0.0 HEIGHT Height of cask drop(mm or cm).
31 - 40 F10.0 ANGLE Oblique angle in the case of oblique drop
(deg. ), (ANGLE is 5~85deg.).
41 — b0 F10. 0 DISP Incremental deformation for calculation (mm
or cm), if DISP is blank or zero, DISP equal
to 1.0
51 — 60 F10.0 CONY Truncation error, if CONV is blank or zero,
CONV equal to 1.0X10-..
61 — 64 A4 NDATA Flag for unit.
MM 7 cunit is mm.
"CM ' :unit is cm.
65 — 70 6X — Blank. |
71 - 80 F10.0 EPMAX Limit strain for calculation, 0. 0<EPMAX<L. Q.

If EPMAX is blank or zero, EPMAX equal to
1.0,
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Table 4.1 (Continued)

Columns Format | Variables Descriptions
Data set No. 3:Geometry data.
i- 8 2A4 NAME Flag for data type.
"LENGTH °
9 - 10 2% - Blank,
11 - 20 F10.0 CLENGTH Length of cask body.
21 - 30 F10.0 RADIUS Radius of cask body.
31 - 35 5X - Blank.
36 — 40 A4 KDTYPE Flag of waterial data.
"SIGD' :material oo exist
"NONE" :material ¢o do not exist
41 - 50 F10.0 Tl Thickness of cover plate of shock absorber.
51 — 60 F10.0 12 Thickness of cover plate of shock absorber.
61 - 70 F10.0 T3 Thickness of cover plate of shock abscrber.
Data set No.4:0ptions for input data check and plotting.
1- 8 2A4 NAME Flag for input data check or execution.
"MODEL ' :input data check.
"RUN " sexecution.
9-10 2X — Blank.
11 - 14 A4 NAMEL Plotting of calculation results
"PLOT :plotting of calculation results.
! ":no plotting.
15 1X - Blank.
16 - 19 A4 NDATA Flag for debugging of program.

"CHEC' :debugging of program.

H

" :no debugging.

Data set No.5:Geometry of shock

1

9

- 8

- 10

2A4

2X

NAME

absorber (I}.

Flag for coordinate of radial direction.
"RCOOR .

Blank.
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Table 4.1 {(Continued)

Columns Format | Variables Descriptions

11 - 20 F10.0 R1 Radius of shock absorber(see Fig.2.5, 2.6
and 2.9).

21 - 30 F10.0 RZ Same as above.

31 - 40 F10.0 R3 Same as above.

41 - 50 F10.0 R4 Same as above.

51 — 60 F10.0 RS Same as above.

Data set No.6A:Geometry of shock absorber (IIA).

1- 8
9 - 10
i1 - 20
21 - 30
31 - 40
41 - 50
51 - 60
61 - 70
7L - 80

274

2X
F10.0

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

NAME

A

Z2
3
z4
A
76
Z7

Flag for coordinate of axial direction
"ZCOOR 7

Blank.

Axial lenght of shock absorber(see Fig. 2.5
and 2.6).

Same as ahove.

Same as above.

Same as above.

Same as above.

Same as above.

Same as above.

Data set No.6B:Geometry of shock absorber(IIB)

1- 8
9 - 10
i1 - 20
21 - 30

244

2X
F10.0

F10.0

NAME

8

9

Flag for coordinate of axial direction.
"ZCOOR

Blank.

Axial lenght of shock absorber(see Fig. 2.5
and 2.6).

Same as above.

Data set No.T7:Boundary condition constant.

i- 8

2A4

NAME

Flag for data type.
" MESH !
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Table 4.1 (Continued)

Columns Format | Variables Descriptions
9 - 10 2% — Blank.
11 - 15 I5 NPART Number of partitions in the X-Y plain of

horizontal or oblique drop case.

Maximum NPART is 300. If NPART is blank or
zero, NPART equal to 100.

15 - 20 I5 KPART Number of partitions in the R-Z plain of
oblique drop case.

Maximum KPART is 400. TIf KPART is blank or
zero, KPART equal to 100.

21 - 30 F10.0 K1 Boundary condition constant(see Fig.2.5, 2.6
and 2.9).

31 - 40 F10.0 K2 Same as above.

41 - 50 F10.0 K3 Same as above.

51 - 60 F10.0 K4 Same as above.

61 — 70 Fl10.0 Kb Same as above

Data set No.8A:Stress—strain data of shock absorber.

1- 8 274 NAME Flag for material data identification.
" SIGA ": 04— &a stress—strain data of
shock absorber(see Fig. 2.5, 2.6 and 2.9).
"SI1GB ": ogB £B stress-strain data of
shock absorber.

"SIGC  ’: oc &c stress—strain data of
shock absorber.

"SIGD ’: ou-e&p stress—strain data of
shock absorber.

" SIGX ": 0x—€&x stress-strain data of
shock absorber.

' SIG1 ' ol-&1 stress—strain data of
cover plate(see Fig. 2.21, 2.22 and 2.23).

"S1G2 '+ g2-g2 stress—strain data of
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Table 4.1 (Continued)

Columns Format | Variables Descriptions
cover plate.
"S16G3 ’: p3-g3 stress—strain data of
cover plate.

9 - 10 2X - Blank.

11 - 15 15 NN Number of stress-strain data

16 - 20 65X — Blank.

21 - 30 F10.0 FACT Multiplication factor of stress data

Data set No. 8B:

plate of shock

1 -
11 -
21 -
31 -
41 -
b1 -
61 ~
71 -

i0
20
30
40
50
60
70
80

absorber.
F10.0  STRAIN(1)
F10.0 | STRESS(1)
F10.0 | STRAIN(Z2)
F10.0 | STRESS(2)
F10.0 | STRAIN(3)
F10.0 | STRESS(3)
F10.0 | STRAIN(4)
F10.0 | STRESS(4)

Stress—strain-data of materials for shock absorber or cover

Strain(see Fig.2.19 and 2.20).
Stress (see Fig. 2. 19 and 2. 20}.
Strain.
Siress.
Strain.
Stress.
Strain.
Stress.

Rpeat 8B data set for NN data.

Repeat 8A and 8B data set for SIGA, SIGB, SIGD, SIGX, SIGI, SIG2 and SIG3

stress-strain data.

Data set No.9A:Force-displacement data for shock absorber structure.

1,

9 —
11 -

8

10
15

2A4

Z2X
F10.0

NAME

NN

Identification of shock absorber model.
"FORCE ' : Using force and deformation
data of shock absorber.

’ : Using stress—strain data of
shock absorber.

Blank.

Number of force-displacement data.
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Table 4.1 (Continued)

Columns

Format | Variables

Descriptions

Data set No. 9B:
F10.
F10.
F10.
F10.
F10.
Flo0.
F10.
F10.

I\
11
21
31
41
b1
61
71

10
20
30
40
50
60
70
80

force-displacement data of shock ahsorber.

DISPL(1)
FORCE(1)
DISPL(2)
FORCE (2)
DISPL(3)
FORCE (3)
DISPL(4)
FORCE (4)

S O O o o o QO 2

Displacement.
Force.
Displacement.
Force.
displacement.
Force.
Displacement.
Force.

Rpeat 9B data set for NN data.
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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 shock absorber on the drop
impact, a simplified computer program CRUSHZ make to analyze
economical and by shortening input and co mputer time to abeout 1/20 cr
less as compared with other detailed computer programs to analy:ze
dynamic interactions. The results obtained by the simplified computer
program CRUSH1 has an enough adequacy for its practical use. CRUSHZ is
further being utilized satisfactory in safety analysis and designing

not only spent fuel transport casks but also those for various

radicactive transpert casks.
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DATA

SEQ.

[ 1e0

DR RN VIR PN

1 2 3 & 5 ] 8
———-5--———0———-S—-——O-——--S——--0-——-5--——D--—-S-—-*G————S——-—O-*——5—-—-0—-—-——5--——0
TITLE NUPAC-4258 MODEL DROP (VERTICAL?

VERTICAL 1283.6 $000.0 0.00 2.0 0.¢C MH

LLENGTH 1775.0 208.0 SIGD 1.524 1.524 1.524

RUN PLOT ’

RCOOR 10C.0 220.0 247.0 350.0 360.0

ICOOR 10¢.0 224 .0 35C.0 L74.08

MESH 1.0 1.0 1.0 0.75 0.75

SIGA 24 Q.75

0.0 c.0 0.02 0.2 0.03 0.27 c.04 Q.29

0.05 0.3 0.25 c.3 0.33 0.33 C.4 0.36

0.45 o4 0.5 C.L4 G.55 0.52 0.58 Q.57

0.6 0.41 0.62 0.88 0.64 0.74 0.66 0.82

C.58 0.91 0.7 1.06 0.72 1.20 0.74 1.42

Q.76 1.75 0.78 2.18 0.8 2.78 0.82 3.5

S1GH 24 0.75

0.0 ¢.0 0.02 0.2 0.03 0.27 0.04 0.29

0.G5 0.3 0.25 0.3 0.33 0.33 0.4 0.34

0.45 [+ 0.5 0.44 2.55 0.52 0.58 0.57

0.6 0.61 0.62 C.68 0.64 0.74 0.66 ¢.82

C.68 .91 c.7 1.06 o.72 1.20 o.74 1.42

0.76 1.75 0.7B 2.18 0.8 2.78 0.82 3.5

S16GC 24 0.75

0.0 0.0 0.02 0.2 0.03 G.27 0.04 0.29

0.05 0.3 G.25 0.3 6.33 0.33 0.4 0.38

0.45 G.4 0.5 0.44 0.55 0.52 0.58 0.57

0.6 0.61 0.62 0.68 O.64 0.74 0.66 0.82

0.68 0.91 a.7 1.06 0.72 i.2¢ 0.74 1.42

c.74 1.75 0.78 2.18 0.8 2.78 Q.82 3.5

S1GD 24 0.75 .

0.0 0.0 c.02 0.2 D.03 Q.27 0.04 0.2%

0.05 0.3 0.23 0.3 0.33 ¢.33 0.4 0.35

0.45 C.4 0.5 0,44 0.55 0.52 0.58 0.57

0.6 0.61 0.62 0.68 D.84 0.74 0.686 0.82

0.68 0.91 .7 1.06 0.72 1.20 0.74 1.42

0.76 1.75 0.78 2.18 a.8 2.78 ¢.B2 3.5

S1G1 3 1.0

0.000 0.0 0.002095 &44.0 0.103095 &5.0

5162 3 c.75

0.000 .0 0.002095 44.0 0.103095 £65.0

SIG3 3 1.0

0.000 0.0 0.002095 44.0 0.1030%5 65.0

——-»5--—-D—-—--5—-*»—0———-5--‘—-D---—5—---0-——-5——--’0-—-—5-——-0---—5—-—-—0----5——--0
1 2 3 5 5 & 7 8

x
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Appendix A Sample Problem Input

INPUT DATA ECHO

= INPUT DATA END = = ¢

N NOW S WY
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Appendix B Sample Problem Output
i . CRUSHS?Z MODEL DATA
1 2 3 4 H & 7
4 o A « S ¢ O T T « B T s R R
i- CTITLE NUPAC-125B MODEL DROP CVERTICALY )
2- VERTICAL 1283.% 9000.¢ a.co 2.0 0.0 MM
! 3- LENGTH 1775.0 208.0 S1GD 1.524 1.524 1.524
! L= RUN PLOT
5- RCOOR 100.0 220.0 247 .0 350.0 380.0
- IL00R 100.0 224.0 350.0 L74.0
?_
8- MESH 1.0 1.0 1.0 Q.75 0.75
- SIGA 24 0.75
10- 0.0 0.0 c.02 0.2 0.03 0.27 0.04 Q.29
i1~ 0.05 0.3 0.25 Q.3 0.33 0.33 0.4 0.36
iz~ 0.45 0.4 Q.5 0.64 Q.55 0.52 Q.58 0.57
13- 0.6 G.61 .62 0.¢6 .64 0.74 0.66 0.82
14— 0.68 0.91 0.7 1.06 0.72 1.20 0.74 1.42
15— 0.76 1.75 0.78 2.16 0.8 2.78 .82 3.5
14~ SIGB 24 0.75
17- c.c 0.0 0.02 0.2 Q.03 0.27 0.04 0.29
18- a.a5 0.3 0.25 0.3 0.33 Q.33 [+ ] Q.34
19- Q.45 0.4 0.5 0.44 g.55 0.52 0.58 0.57
20- 0.8 0.61 0.82 0.6E D.564 0.74 .66 0.82
21- 0.68 0.91 0.7 1.06 0.72 1.20 Q.74 1.42
22- 0,74 1.75 ¢.78 2.18 0.8 2.78 0.82 3.5
3~ S1GL 24 Q.75
24— o.0 . 0.0 o.02 0.2 0.03 0.27 0.04 ¢.29
25- 0.05 0.3 0.25 Q.3 0.33 0.33 Q.4 0.36
26— D_.-'.S 0.4 ¢.5 Q.44 0.55 0.52 0.5%8 0.57
27~ 0.6 0.61 0.82 D.&8 0.64 0.74 0.6 0.82
z2B- 0.68 0.91 0.7 1.06 0.72 1.20 0.74 1.42
29- 0.76 1.75 0.78 2.18 0.8 2.78 D.82 3.5
30- SIGD 24 0.75
31- 0.0 0.0 0.02 0.2 0.03 0.27 Q.04 0.29
3z2- ©.05 0.3 0.25 0.3 0.33 0.33 0.4 0.386
33- 0,45 Q.4 0.5 0,44 Q.55 0.s52 0.58 .57
34~ 0.6 0.61 Q.62 0.68 .64 0.74 Q.68 c.82
35- ,0.68 0.91 0.7 1.06 0.72 i.20 Q.74 1.42
36— .76 1.75 Q.78 2.18 0.8 2.78 .82 3.5
37w 8161 3 1.0
38- 0.000 0.0 0.0020%5 44.0 0.103095 &5.0
‘39~ 511G 3 0,75
L0- a.000 0.0 0.002095 4£4.0 0.103095 &65.0
41— SIG3 3 1.0
dz2- Q.a00 Q.0 0.002095% 44.0 0.103095 65.0
f
Cv.e... MODEL WEIGHT =  128%.60 (K&
...... MODEL HEIGHT = S000.00 (MM}
...... CORNER ANGLE = 0.00 {DEG.?
...... IKCREMENT DISP= 2.00 {MM)
...... K-FACTOR = 1.0000 1.00090 1.0000 0.75C0 0.7500

i
i

Appendix B (Continued)

NUPAC-125B MODEL DRCOP (VERTICAL)
MODEL TYPE = VERTICAL TOTAL ENERGY = 11552.40 (KG-M)
STEP DEPTH FORCE ENERGY ACCELERATION
CHM? (KG} (KG-M) Gy

1 2.00 140335.74 280.67 109.33
2 4.00 161782.53 604 .24 126.C&
3 5.00 1B0303.02 964 .84 140,47
4 5.00 193792.33 1352.43 15G.98
5 1¢.00 203818.%9 1760.07 158.79

i & 12.00 211335.7¢ 2182.74 164 .64
7 14.00 21B082.5¢ 2618.90 169.90
8 16.00 222062.31 3063.03 173.00
@ 18.00 225700.08 351443 175.83
10 20.00 229014.53 I9T2.46 178.42
11 22.00 232030.51 4636.52 180.77
12 24 .00 234953.24 4906.42 183.04
13 24.00 237347.43 5381.12 184.91
16 28.00 239741.63 5B860.60 186.77
15 30.00 242135.82 6344 _B7 188.64
16 32.00 244530.01 6B33.93 190.50
17 34,00 266924,21 7327.78 192.37
i3 36.00 2469318.40 7826.42 194 .23
19 38.00 251712.5¢9 8329.B4 196.10
20 40.00 254106.79 8838.06 197 .96
21 42.00 256500.98 §351.06 199.83
22 44 .00 258895.18 $868.85 201.6%
23 44.00 261289.37 10391.43 203.56
24 £8.00 263683.56 10918.7% 205.43
25 5¢.00 265077.76 11450.95 207.29
26 50.2¢ 266317.18 11504.21 207 .48
27 50.38 266535.58 11552.40 207 .85

— 42 —
i
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Appendix C Graphical Output RCCEL= 207.85 (G

]
Q

DEPTH= 6D.38 [HM)

YERTICAL
NUPAC-1268 NDDEL DROP (YERTICAL}

Fig.C.1 Graphical Output of CRUSHZ (1)

NUPAC-12BE8 HODEL OROP IVERTICAL)

T T T T T T T T T

10.5. 1

KG-M

ENERGY

00 : : : : | 1 : : ;
0.0 10.0 20.0 30-0 40.0 50.0 E0.0 10.0 en.o 90.0 100-0

DEFORMBRT 10N MH YERTICAL

Fig. C.2 Graphical Output of CRUSHZ (2)
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NUPAC-1758 MOOEL DROFP {YERTICAL?
11t )
40.0 T T T T T T T T T
35,0 i
0.0 _
25.01 ]
4]
e0.0L ]
=z
o
e
[=
[+
wl
| 15.04 |
<5}
[}
[=]
. =4
10.0 .
5.0 ]
a-o % : % ; % : : % :
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 80.0 100.0
DEFORMRTION faly} VERTICAL
Fig. C.3 Graphical Qutput of CRUSH2 (3)
NUFARC-1258B MODEL DROP [VERTICRL)
[R1:A01
40-0 T 1 T T T T T T T
35.04 J
30,01 B
o
w7
) .
(=)
o
o
Lo
: N
|
| 4
|
\
|
| 0.0 | : = | % % : : :
0.0 10.0 20.0 30.0 40.0 50.0 £0.0 70.0 80.0 90.0 . 100.0
DEFORMRTION MH VERTICRL

i Fig. C.4 Graphical Qutput of CRUSHZ (4)
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NUPRC-1258 MODEL OROP [VERTICRHL)
110723

T T T T T T T T T T

40.0

3504 -

30.01. .

KG/MN2

STRESS

1004 -

1 1

0.0 1 ] 1 ! }
20.0 22.5 25.0 (1077

0.0 2.5 5.0 TI-S i0.
S5TRAIN MM/HH YERTICAL S1GA [CALC.}

o
a
)
@«
a—+
[=]
i
b

§ Fig. C.5 Graphical Output of CRUSH2 (5)

NUPRC-1258 HMODEL DROP {YERTIERL!
t1g )

T T T T 3 T T T T

35.-04- —~

30-0.4- -

25.0.1 =

KG/HN2

20.04 —

15.04. -

STRESS

] 1 Il
T L .
0 17.8 20.0 22.5 25.0 110°%)

0.0 1 ! | Ti i Ti
o.o 2.5 5.0 7.5 10.0 ig.5

STRAIN MH/HM YERTICAL SIGB (CALC.)

il

Fig.C.6 Graphical Output of CRUSHZ (6)

4,115 —




KG/HMZ

5TRESS
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KG/Hn2

STRESS

NUPARC-1258 MODEL DROP {VERTICAL)
40.0 1107t
N T T T T T T T T T
35.0 .
0.0 =
25.01 4
20.0_ -
15.0_4. .
10-0- .
5.0 -
6.0 } f i } ! | I 4 F
0.0 1.5 3.0 4.5 6.0 7.5 9.0 0.5 12.0 13.5 15.0 llu'zl
STRRIN MHAMM VERTICRL SIGC {CRALC.!
Fig. C.7 Graphical Ouiput of CRUSH2 (7)
NUPAC-1258 MODEL DROP (YERTICAL}
400 107}
T T T T T T T T T
35.0]- .
30.D_}. .
25.0_ 4 ]
20.0.4. -
15.04- _
ig.o - -
5-0 -
0-0 : { t i : : % : ;
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 eg.0 2.5 25.0 11072
STRAIN HH/MH VERTICAL SIGD [CALC.)
Fig. C.8 Graphical OQutput of CRUSH2 (8}



HG/MH2

STRESS

KG/HH2

STRESS

40.0

35.

0.

25.

20.

80.0

50.

40.

30.

20.

10.

JAERI—Data/Code 97001

NUPAC-1258 HOOEL OROP [VERTICAL)

T T T T T

1 I t 1
4.5 6.0 1.5 9.0 10.5
STRAIN MM/ HN

Fig. C.9 Graphical Output of CRUSHZ (8)

NUPRC-125B HODEL DROF [VERTICAL)

1 T
12.0 13
VERTICRL

-5

1
15.0 (1070}

SI1GI

I

T T T T T

1 Il | |

1 1

!
T ! T T T
4.5 8.0 1.8 9.0 10.5

STRAIN MH/AHM

Fig. C.10 Graphical Output of CRUSH2 (i,

—_ 4'7 —

T
iz.0

VERTICAL

T
13.5

tCALC.)

15.0 11077}

5162 (CALC.!



KG/nH2

STRESS
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NUPRC-1268 HODEL DROP tVERTICAL)

0.0 11072 )

° T T T T T T T T T

3.0 4

30.0_L. -

25.0 1 -

20.0.0 -4

15.01. -

0.0 i

5.0 - -

0-0 : : % | 4 : : 1' : .

0.0 1.5 3.0 4.5 5.0 7.5 8.0 1D.5 12.0 13.5 15.0 (1077 ¢

STRRIN HH/AMH YERTICAL SIG3 (CALC.)

.C.11 Graphical Output

_.518 —

of CRUSH2 (11)
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Appendix D Job Control Data

The job control data for CRUSH2 execution on the computer FACOM
M~-780 in JAERI is as fcllows:

//JCLG JOB

// EXEC JCLG

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

Jf JUSER XXXX3OOK XX, XOOKKX XX XXXX XX, CRUSHI

// T.03C.02W.011I.02CLSGRP

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

// OPTP PASSWORD=XXXXXXXX

// EXEC LMGOEX, IM=J2322.LMCRUSH]1, FNM=CRUSH1

// EXPAND GRNLF

//FT55FQ0L DD DSN=JXXXX .DTCRUSHL.DATA, DISP=SHR

//FTO2F001 DD DSN=SPACE=(TRK, {5,5)) s UNIT=TSSWK

++

/7
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Appendix £ Program Abstract

1. Name :
CRUSHZ.
2. Computer for which the program is designed and others upon which it
is possible:
FACOM M-780, SUN4 or IBM-PC.
3. Nature of physical problem solved:
Drop impact analysis of radicactive material transport casks.
4. Method of solutions:
One dimensional static analysis.
5. Restrictions on the complexity of the problem:
None.
6. Typical running time:
FACOM-M780 : 2 seconds.
SUN4 t 5 seconds.
IBM-PC : 10 seconds.
7. Unusual features of the program:
None.
8. Related and auxiliary program:
None.

@. Status:

10.References:

()Tkushima,T.,"Simplified Analysis Computer Program and Their
Adequacy for Radioactive Materials Shipping casks”™, PATRAM' 89
(Washington)DC, USA June 11-16, 1989} .

(2) Tkushima, T.,"CRUSH:A Simplified Computer Program for Impact
Analysis of Radioactive Material Transport Casks",JAERI-M
9C-004 (1590) .

(3) Ikushima, T.,"CRUSH1:A Simplified Computer Program for Impact
Analysis of Radiocactive Material Transport Casks'",JAERI-Data/

Code 26-025.
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i11l.Machine requirement:

Required 1100 k bytes of core memory.
12.Program language used:
FORTRAN-77.

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

SUN4 : Solaris 2.1.
IBM PC : Windows 3.1.

14 .Any other programming or operating information or restrictions:
The program is approximately 2800 source steps {include
comment lines) . The graphical programs are as follows:
FACOM M-780 : CALCOMP pltter or the compatible ones.
SUN4 : X=windows.
IBM PC : windows 3.1.

15.Name and establishment of author:
T. Ikushima
Japan Atomic Energy Research Institute,
Tokal Research Establishment,
Department of Fuel Cycle Safety Research,
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11
Japan

16.Material available:

Source.
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