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In drop impact'analyses for radioactive shipping 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 to perform such
analyses by these computer programs. Therefore, simplified analysis
computer programs which are capable of reducing cost and computer time
are needed. To meet the above requirements, simplified computer program
CRUSH has been developed. CRUSH is static calculation computer program
capable of evaluating the maximum acceleration of the cask body and the
maximum deformation of the shock absorber using the Uniaxial Displacement
Method (UDM).

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

detailed method. The third section provides a user's input guide for

CRUSH.

Keywords: Computer Program, Impact Analysis, Cask, Drop Impact, UDM,
Structural Analysis, Static Analysis, Shipping Cask
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1. Introduction

In the drop impact analyses for radioactive material shipping
casks, it has become pbssible to perform them in detail using inter-
action evaluation computer programs, such as DYNAZD, DYNA3D, PISCES and
HONDO., However, the considerable cost and calculation time are
necessitated to perforﬁrsuchmanalysis by these computer programs.
Therefore, simplified computer programs which are capable of reducing
cost and calculation time are needed to perform parameteric survey or
sensitivity evaluations in designing a shipping cask and conducting its
safeﬁy analysis. To meet the above requirements, as show in Fig. 1.1,
Japan Atomic Energy Research Institute (JAERI) is now under developing
some simplified analysis computer programs.

Tn the field of the drop impact analysis of shipping casks with
shock absorbers, simplified computer programs CRUSH and CASH-1I has
been developed in JAERT. CRUSH is the static calculation computer
programs capable of evaluating the maximum acceleration of cask body
and the maximum deformation of the shock absorber using the Uniaxial
Displacement Method (UDM) which is an improvement on a conventional
theory based on the Volumetric Displacement Method (VDM) .

Conventionally, the VDM has been a usual method to evaluate a
large three dimensional deformation. In the VDM, the absorption of
drop energy is to be evaluated only by the ﬁolumetric quantity loss by
the deformation of the shock absorber. This method is therefore
considered as an effective means of evaluation provided the material
can be treated under a constant compressive stress in any deformation.
However, taking into account of the material propertles, the VDM would

have a bit problem in the view of the accuracy of solutionm.
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The UDM, instead, will execute the evaluation under the

' assumption that the deformable region consists of an assembly of many

one-dimensional bar elements. All volume of the shock absorber can
absorb the drop energy, so that the method makes a benefit of obtaining
an accurate results, although the analysis itself gets rather com-
plicafed compared with the VDM, ‘CRUSH is computer programs which
evaluate statically, forméach of drop attitudes, as shown in Fig. 1.2,
the cask body acceleration and shock absorber deformation in terms of
the drop impact using the UDM.

Iﬁ the paper, the Chapter 2 presents an illustration of calcula-
tion model and equations using UDM. lThe Capter 3 presents comparisbns
between the simplified and detailed computer programs. The Chapter 4

provides an user's input guide for CRUSH.
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2. Calculation equatiocn

2.1 Calculation model

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. 1In the figures, the syﬁbols of Ky{(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 AR in a cormer

drop as shown in Fig, 2.4, the strain € of an one-dimensional bar is

_
£ = 7 (2.1}

The force f of the one-dimensional bar is
f =X o(g) A, (2,.2)

where £, ¢ an AA are the length, stress and area of the one-dimensional
bar., K is the boundary condition constant. The total force F of the

shock absorber is

F = I f da . (2.3)
A

The dissipated energy E(§) can also obtained using equation
similar to above Eq.(2.3)

§
E(S) = J F di . (2.4)
9

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 boedy @ are given

as follows.
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E(6) =v-W-H |, (2.5)

o = E%%l s (2.6)

where Y 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 impact

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. 1In the figure, the symbols of Ups OB»
0Cs 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.

F = Fpi + Fi12 + F23 + F34 + Fus (2.7)

z
E = J Fdz , (2.8)
0

where, for the region O~R;
Z 2
Fo1 =Ky ™ OD(EEJ R; s (2.9)

for the region R;~R;

Z
Fi2 = K2 T UA(EEJ(Rzz—R12) s (2.10)
for the regiom R;~Rj

Z
Foz =Kz OBCz;)(Raz-Rlz) , (2.11)
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for the region R3~R,

Fay = Ky 7 UB(%ng(qu—Rgz); (for Up material},
(2.12}
F =K AZC 2 2N . .
ay = Kg 7 OC(ZQ—Zg)(R“ -R3°); (for op material),
Z = AZB + AZC ’
(2.13)
égﬁ = YAl
GB( 73 ) OC(Zq—Zs) »
for the region R4~Rs
- AZR 2 2 ,
Fus = K5 7 og( Za)(Rs ~R,“); (for Op material),
(2.14)
FHS = Ks ™ OC(E%%;)(RSZ—RRE); (fOI’ UC material),
Z = AZB + AZC ’
(2.15)

Z AZ
UB(‘Z-?) = Uc(zq—_%;) s

0 £¥K; =1 .
oi(i=A,B,(,D) are stress in the material region.
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 = Fij = Fg1+F19+F23+F34+tFy5+F55+Fg7+F7g+Fgs (2.16)
Rs
Fij = 2[ AF dx (2.17)
0
y
E = J Fdy , (2.18)

0

where, for the region 0~Z; and O~R;



AF =

AF

AF =

Y1
Y2

ya

= Ayl + Ayz + AY3

Ky OD(

Ay
=K; ©
. A( ¥eo

Ki UB(
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)dx Z1; (for op material) ,

Jdx+Z1; (for O material) ,

)dx Z1; (for Ox material) ,

2vRy2~x2

2'(1/R22—X2 — /Rlz_xz) . -

A it
O-D( Y1 = UA( yZ)
) ¥
_ U £ 0,
U=y - h; '
u >0,
h = Rs - VRg2-x2

For the regiom 0~Z; and R;~R;

AF

AF
y1
y
U

OA(

For the regicn C~Z1 and Rz~Rj

Ka OA(

2(VR52—x2 - /Rzz—xz)

L
A
= GB(—Zi) .
for AF = 0]
for AT ¥ 0

)dx‘Zl, (for 0p material) ,

= ZVRZZ—XZ

K; UB(%%f)dX‘Zl; (for Og material)

Ayl) =

2(V/Rs2-x2

= Ayl + Ayz N

(AYZ)

AF = Ky OB(%)dx-Zl ,

= Z/Rsz—xz

- VR 2-x2) .

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.25)

(2.26)

(2.27)
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For the region Zi1~Z; and 0~Rs equations are similar as eqs.(2.9)
through (2.25) when Z; changes to (Z;-Z:) and K; to K

For the region Z;~Zi3 and O~Rj

AF = Kg OB(%Ddx°(Za—Zz) , (2.28)

where

v = vR52-x? - vR3Z-x? . (2.29)

For the region Z;~Z3 and R3;~Rs
u
AF = Ky O’B(;)dX'(Zg—Zz) s {(2.30)

where
y = 2/Rs2%% . (2.31)

For the region Z3~Z, and O~Rj3
U
AF = Ky UC(§JdX'(Zg—Zz) ’ . (2.32)

where

y = YRs2—x2 - VRyZ-x?% . (2.33)

For the region Z3~Z, and R3~Rs
U
AT = K, O’C(;)dX'(ZL;,—Zg) N (2.34)

where

y = 2RIRE . (2.35)

For the region Zs;~Zs equations are same as the region Z3~Z., the
region Zg~Z; same as the region Z;~Z3, the region Z;~Zg same as the

region Z1~Z; and the region Zg~Zs; same as the region 0~Zi.

2.4 Oblique drop impact
In the modeling a shock absorber in CRUSH at a ablique drop
impact, it is assumed that the shock absorber consists of one specy of

shock absorber material as shown in Fig. 2.3. The stress of a wooden
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shock absorber can be written as following, including the effect of the

wood grain angle 6.
Ox = Op cos®® + op sin’6 (2.36)

where Up, Op and Ox are stresses in the wood whose grain direction is
parallel, perpendicular and angle 6 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 = ZJ AF dx (2.37)
o )
F = J F; ds , (2.38)
y
E = J Fdy , (2.39)
0
U =0, for AF =20

(]
1]

y=-hgo-h; . (2.40)
U >0, for AF X0

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~P1; and Q:~Qy are as follows.

Py 1 -Rscosh . Rssinb }
P, { -Ricosf . Risind }
Py 1 Ricosh . ~R1sinB I
Py, 1 Rscosh s ~R5sinB 1

Ps {-Rsjcosf + 7Z,sinb, Rzcind® + Zycosb}
Pe¢ {-Ricosf + Z,sinf, Risinl® + ZscosB}
P; { RicosH + Z;sin0, -Risinf + Z,cosB}
Pg { Ricosl + ZzsinB, -R3sinS + Zpcos8} p (2.41)
Ps {-Rscosf + Zysinf, Rssin® + Z,cosb}

P1o {-Rizcosb + Z.sinf, R:sin® + Z,cosH}
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Py: { Racos® + Z,sinf,
Pi1» 1 RscosH + Z,sinf,

Q2: {-Ricos® + Zisinf,
Q: { Ricosb + Zisinf,
Qo { Zysind .
Qy { Rycosf + Z,sinf,

The length of h; as shown in

-R3sinf + Zicos8}
-Rssinf + Z,cosB}
Risinf® + Zjcosf}
—-R;sinf + ZicosB}

Zocosh B

-R,sinf + Z,cosB}

Figs. 2.12 and 2.13 are as follows.

When op % 0
iy = Resin® - S22 o . (region Pi~P, and Pa~Py)
cosd ¥ 1 2 3 4 s
(2.42)
cosf .
hy = ain0 (5 — Rscos8); (region P,~P12) .
When op = 0
. sinf .
hy = Rssinf - ESE@ S 3 (region P1~P: and P3~Py) , )
ho = €959 (5 _ Ricos8); (region Pu~P1,)
= 2inB scosf); {(region P.~P12) ,
cosf ) L (2.43
hg = EEE@V(S + Ricosf) + (R; + Rs)sinB; ( )
(region(P2~Q2~Ps) ,
hg = = 3 (region Fg~Qy~P7) .

The lengths of hi;, &; and %: are as follows.

(a) If %2 is known (S<Ps, S50, 21=0 and Ku=0), hg, h1 and L: are

shown in Fig. 2.15{(a).

Rs ]
Y2 = 5ind ; (region P1~Pa) ,
(2.44)
_ 1 . ) ) ~
fz = sinBcosO (Zusin® - S}; (region P3~Piq).
When ap x 0
b == : (2.45)
! sinfcosb .
When OD = (
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-5 f e D
by == sinfcosB? (region P1~P2) ,
(2.46)
- R ) . .
h, = =inb ; {Region Py~Pg)

(b) Tf 21 and £, are known (S<Ps, $>0, Op¥0, h1=0 and Ky=0), ho,

21 and %7 are shown in Fig. 2.15(b).

- _Rs . . R
ko = 2ind ; (region P1~Pg) ,
(2.47)
o1 . N
Lo = ginBeosh (Z4sinb - 8); (regloq Ps~P1o) .
———-—-—-————S ]
L1 = sinfcos0 ; (S%P,, region P:~Py~Pi12),
(2.48)
R .
= siie ; (8>Py, region Pp~P,~Py3:),

(¢) If Lz is known (S<Ps, S>0 and op=0), ho, hy and 2; are shown

in Fig. 2.15(c) and are same as Eqs. (2.42), (2.43) and (2.43).

(d) If &; is known (P52S=Q, and XKy=1), ho, hi1, £; and %» are shown

in Fig. 2.16(d).

: _ 1 - 3 _
fo = sinfcosb (Z181inf 8 . (2.49)
When op ¥ O
S
by = - sinBcosf °
; (for s 20) , (2.50)
i =0,
hy = 0,
; (for 0 < § £ Py) ., (2.51)
2, = S
17 sinBcosH ?
h1=05
; (for s > Py) . (2.52)
_ Rs
fr = sing °
When op = 0O



_ _Ri
i = ginf ?
1 =0,
1
by = sinBcosd
21 =0 ,

(e) If %7 is known
in Tig. 2.16{e).

For regiom Qg ~ Py

1

by = sinfcosf
S
b= sinBcost
_ _RBRs
b = sinb

For region Py ~ P3

_ _Ras
hy = sinf °

_ S
I = sinfcosb

_ _Rs
1 = sinb

(f) If &, is known

Fig. 2.16(f).

1
hy = sinfcosd
_ S
b = sinfcosf
_ _Rs
b = sin®d

JAERI-M 90-004

A

; (for § Pg) ., (2.53)

(Z,sing - S) ,
; (for S > Pg) . (2.54)

(Qo282Py, £2=0 and Ku=1), h; and R: are shown

(S - Zzsinb) , {2.55)

5 (for S < Ph) )

(2.56)
; (for 5 2 Py) .

{2.57)
; (for 8§ < Py) ,

(2.58)
; (for 8 2 Py} .

(5>P1, £2=0 and Kup=1), hi and £: are shown in

(8 - Zysinb) , (2.59)

AN

> (for S PH) L]
(2.60)

; (for S 2z Py)

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

oblique drop impact as shown in Fig. 2.17, is an ellipoid. The

__13_7
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equation of the ellipsoid is as follows.

<2 y2
R52+b—2=1 ’
where
_ _Rs
b= 5in8

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

Xy = ¥b?-h? « sin0

vy = L VR5?=x2

sinb

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

AF = K-G(%)AS-AX.,

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

0 <Ky <1

where
K1 ¢ for op=0; region P;3;~Q3,
for ap¥0; region P1~X;,
K2 ¢ for op=0; region Q3;~Py,
for op¥0; region X1~%X,,
Ks : for region P11~Qu,

Ky + for region Qu~Pis.

2.5 Convergence method

The convergence methods for two or three materials in one

dimensioral 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.

oa = 0p" + Ky 4 = 04" + %ﬁrUA ,

(2.67)
op = 0’ + K €3 =UBD+£B‘UB >
B
and
UA+UB =1 .
(2.68)
-0p + 05 =0
from above two equations
1 1 UA U
= . 2.69
- .K_A _I<_B_ U o] ¢ - ( )
4 [ | B A B
solve Eq. (2.69), we obtain Up and Ug.
{(2) Three materials
! 1 17 [ vua] [ u ]
Ka KB 0 0
- —= G Up p = 9 05 =0 & . (2,70)
la I 1B -
_Ka KK 0 _ 0
fQA 0 RK UK JA Og
(3) Strain, stiffness and stress
Strain
£ =[_;’_:E_ (2.71)
i
Stiffness (see Fig. 2.20)
Ry =22 =91 (2.72)

g9 — £
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Stress {see Fig. 2.20)

o; =01 -Ki v eq1 . (2.73)
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Fig. 2.1 Vertical drop model



JAERI-M 90-004

Material
DY A ] C
B | D
K‘HKZ
RN R
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% /ﬂ Absorber
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condition
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Fig. 2.2 Horizontal drop model
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(a) Type I

Material
X

Ki~K4 : Boundary
condition
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Fig. 2.3 Oblique drop model
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S'tr‘ain T e
AY
T
. One-dimensional Force :f
' - K / bar
[ 1 f=Kg(g)dA
£’~ S Total force : F
= ; F=/,fdA
-7 b Acceleration : ¢
A ael F
4 YW
dA
\ W : Mass, A : Area
Shock absorber o : Stress, K: Boundary
N ' ' condition
constant

Fig. 2.4 Uni-axial displacement method
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0 »— Material
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E=—= op— Material
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Fig. 2.5 Geometry and material in the case of vertical drop model
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Fig. 2.10 Sectional figure of shock absorber in the case of
oblique drop (1)

Cask
weight \

Xm

> X

dx
h
= Xs ho
VAV NN
Y

Fig. 2.11 Sectional figure of shock absorber in the case of
oblique drop (II)
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3. Calculation Results

In order to demonstrate the adequacy of the simplified computer
program CRUSH, the benchmark calculations using the experimental
results of the 1/4 scale model of NUPAC 123B cask as shown in Fig. 3.1
have been performed.

Figure 3.2 is the deformed shape of the cask after 9 m drop impact
to obtained by the detailed computer program DYNA3D, The comparison
among the results obtained by the experiments, the simplified computer
program CRUSH and the detailed computer program DYNA3D is shown in
Table 3.1. The relation among the oblique angles, the acceleration and
deformation obtained by CRUSH are shown in 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 agree with both the experimental results and

that of the results of the detailed computer program.
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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
CRUSH | DYNA3D CRUSH DYNA3D
; 271 *
Vertical 200 179 (200) ** 5i 52 50
130 :
Corner 106 125 ( 85) 127 151 132
: _ 216
Horizontal 180 183 (160) 61 63 64
% Value of low pass filter is 600 Hz.

* k Mean value =

Impact velocity

Rebound time
(NUPAC 125 B cask 4 scale model).
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4, Computer Program

4.1 Program Description ) -

The computer program CRUSH 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 displace-

ment method.

The computer program CRUSH consists of 13 subroutines that are

MAIN, CRADIN, VERT, HORIZ, CORNER, MULTI, GETMAT, EQSOLV, GETSIG,

FITSTP, MPLOT, DPLOT and UPLOT., Overall structure of CRUSH is

Fig. 4.1. Functions of subroutines are as follows:

MATN :

CARDIN :

VERT H

HORIZ :

CORNER :

MULTI

GETMAT :
EQSOLV
GETSIG :
FITSTP
MPLOT
DPLOT

UPLOT

initializes the start of run,

reads input data,

compute the acceleration and deformation in the
vertical drop impact,

compute the acceleration and deformation in the
horizontal drop impact,

compute the acceleration and deformation in the

oblique drop impact,

compute the relation of stress-strain for multi-

materials,

compute the relation of stress-strain,
compute matrix,

compute stress,

fitting curve of stress~strain,
plotting program,

plotting program,

plotting program.

A Macroscopic flow chart of CRUSH is shown in Fig. 4.2.

shown in

case of

case of

case of
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4.2 Description of input data

This section describes the input data required by CRUSH. 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, integral step, stress-strain data of the
shock absorber materials, the unit selection and options for plotting.
The input instruction is simple and easy to follow. The input data

forms are presenten in Table 4.1.

4.3 Description of output data

This section describes the output data from CRUSH. The contents
of these wvarious output quantities are described in the followings.

(1} Input data

Input data are printed in two formats. The first print format is
exactly the same as they were read. Second, the program lists the
data as interpreted by the code.

(2) Calculation wvalue

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

(3) Graphical cutput

The computer program CRUSH provides the users with graphical
display output of the deformation, relationships between acceleration—
deformation, dissipation energy~deformation, acceleration-dissipation

energy and so on.
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Table 4.1 Input data for CRUSH
Column | Format Variable Description
Data set No.l; Job description.
1- 5 5A1 JOB TITLE.
6-10. 5X —_— Blank.
11-18 70A1 TITLE Job description.
Data set No,2; Options and geometry data. _
1- 8 2A4 LABEL VERTICAL: Vertical drop,
HORIZONT: Horizontal drop,
CORNER. Oblique drop.
9~ 10 2X — Blank.
11 -20 | F10.0 WEIGHT weight of cask (kg).
21-30 | F10.0 HEIGHT height of cask drop (mm or cm)
31 40 F10.0 ANGLE oblique angle in the case of oblique -
angle (deg.), (5~85 deg.).
41 ~ 50 F10.0 DISP incremental defermation (mm or cm), if
DISP is blank or zero, DISP equal to
1.0. '
51 -60 F10.0 CONV truncation error, if CONV is blank or-
zero, CONV equal to l.OxlOTS.
61 -62 A2 IFLAG flag for unit.
IFLAG = CM unit is cm.
IFLAG = MM unit is mm.
63 -70 8X — blank.
71 - 80 F10.0 EMAX maximum strain, 0.0sSEMAX<1.0, if EMAX
is blank or zero, EMAX equal to 1.0,
Data set No.3; Geometry data
1 =10 | Fl10.0 LENGTH length of cask body.
11 - 20 F10.0 RADIUS radius of cask body.
21 -25 5% — blank,
26 - 29 Ab DTYPE flag for material data.
DTYPE = SIGD: op material exist.
DTYPE = NONE: ¢p material do not exist.
Data set No.4; Options for input data check and plotting.
1- 5 A5 KSOLV flag for input data check.
KSOLV = RUN : execution.
KSOLV = MODEL: dinput data check.
6-10 5% — blank.




JAERI-M 90-004

Table 4.1 ({(Continued)
Colunn Format Variable Description
11 -14 A4 KouT flag for plotting
KOUT = blank: no plotting.
KOUT = PLOT : plotting.
15 1X — blank.
Data set No.5; Geometry of shock absorber (I).
i- 5 A5 RCOOR RCOOR.
6-10 5% —_— blank.
11 - 20 F10.0 R1 radius of shock absorber
(see Fig. 2.5, 2.6 and 2.9).
21 -30 F16.0 R2 same as above.
31-40 F10.0 R3 same as above.
41 =50 F10.0 R4 same as above.
51 -60 F10.0 R5 same as above.
Data set No.bA; Geometry of shock absorber (IIA).
I- 5 A5 ZCOOR ZCOOR.,
6 - 10 5% —_— blank,
11-20 | F10.0 Z1 axial length of shock absorber
{see Fig. 2.5 and 2.6).
21 -390 F10.0 Z2 same as above.
31 ~40 F10.0 Z3 same as above.
41~ 50 F10.0 Z4 same as above,
31 - 60 F10.0 75 same as above.
61-70 F10.0 zZ6 same as above,
71 -80 F10.0 z7 same as above.
Data set No,6B; Geometry of shock absorber (IIB).
L-10 10X — blank.
11 -20 F10.0 Z8 axial length of shock absorber
(see Fig. 2.5 and 2.6).
21-30 F10.0 Z9 same as above.
Data Z5 to Z9 is only used in the case
of horizontal drop. I1f symetric case,
Z5 to Z9 are omitted.
Data set No.7; Boundary condition constant,
1- 4 A4 MESH MESH.
5-10 6X — blank.
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Table 4.1 (Continued)
Column Format Variable Description
~11-15 5 NPART number of partitions in the X-Y
section of horizontal or corner drop
case.
maximum NPART = 300,
If NPART is blank or zero, NPART equal
to 100,
16 - 20 I5 KPART number of partitions in the R-Z section
of corner drop case.
maximum KPART = 400.
If KPART is blank or zero, KPART equal
to 100.
21 -30 F10.0 Kl bbundary 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 | Fl0.0 K5 same as above.

Data set No.8A;.Material data

1- 4
5-10
11-15
16 - 20
21 - 30

Ad

5%

I5

53X
F10.0

TYPE

N

FACT

SIGA:

SIGB:
SIGC:
S1IGD:
SIGX:

OA
(s

blank.

for shock absorber.

flag for material data identificatiom.

stress—strain data

ee Fig. 2.5, 2.6 and 2.9),
stress-strain data.
stress—strain data.
stress—-strain data.
stress—strain data.

number of stress—strain data.
blank.

factor of stress data,

Data set No.8B; Stress-strain data.

1-10
11-20
21-30
31 -40
61 -70
71 - 80

F10.0 | STRAIN(I)
F10.0 | STRESS(1)
F10.0 | STRAIN(2)
F10.0 | STRESS(2)
F10.0 | STRAIN(4)
F10.0 | STRESS(4)

stress.
strain.

stress.

strain.

stress.
Repeat 8B data set for N data.

strain (see Fig. 2.19 and 2.20).

Repeat 8A,8B data set for SIGA, SIGB,
SIGD or SIGX stress-strain data.
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Fig. 4.1 Structure of computer program CRUSH

GETSIG




JAERI-M 90-004

CRUSH

Write

Qutput data
F06

Input data
F55
Read
Write
Read
Plot

Fig. 4.2 Program flow



JAERI-M 90-004

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 CRUSH make to analyze
economical and by shortening input and computer time to about 1/50 or
less as compared with othgr detailed computer programs to analyze
dynamic interactions. The results obtained by the simplified computer
program CRUSH has an enough adequacy for its practical use. CRUSH is
further being utilized satisfactory in safety analysis and designing
not only spent fuel transport casks but also those for various

radiocactive transport casks.
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Appendix A Sample problem input
1 2 3 4 5 & 7
ST S, SN Sy, sy s PSS PESELEEEEE FEESESEEERSE LI At bl
TITLE {RUSH SAMPLE PRQBLEM (VERTICAL 9M DROP)
VERTICAL 20080.0  900C.0 0.0 5.0 0.0 MM
RUN PLOT .
RCOOR 450.0 520.0 $50.0 740.0 950.0
2€00R 120.0 220.0 300.0 470.0
MESH 1.9 1.0 1.0 0.75 0.75
5IGA 5 J1.0
0.600 0.0 5.053 3.1 0.235 3.1 0.355 3.2
0.520 £.25 0,400 7.0
S1GB 8 1.0
9.000 0.0 0.020 0.9 0.032 1.2 0.235 1.2
0.300 1.25 0.420 3.0 0.500 5.55 0.545 8.0
S16¢ 8 1.0
0.000 0.0 0.020 g.9 0.032 1.2 0.235 1.2
0.300 1.25 0.420 3.0 0.500 5.53 0.545 E.0
ceeeSemmefmm=§m——wQmm==§orr—um==§-===femmmfmr—=Q-==-5-===---=§-——=0---—-5----0
1 2 3 4 5 6 7
Appendix B Sample problem output
¢t RUSH MDDEL DATA
1 2 3 5 6 7
SR S S SN DA SUNPY: DIUE SUURRY . PRSPUPRL DU JNP S Ouunuts
TITLE CRUSH SAMPLE PROBLEM (VERTICAL 9M DROP)
VERTICAL 20000.C  9000.0 0.0 5.0 0.0 MM
RUN PLOT
RCDOR 450.0 520.0 650.0 740.0 $50.0
2C00R 120.0 220.¢0 300.0 476.0
MESH 1.0 1.0 1.0 0.75 0.75
SIGA 6 1.0
0.000 0.0 0.053 3.1 0.235 3.1 0.355 3.2
£.520 4.25 0.600 7.0
S1GB 8 1.0
©.000 0.0 0.020 0.9 0.032 1.2 0.235 1.2
0.300 1.25 0.420 3.0 0.500 5.55 0.545 8.0
51G¢C B 1.0
©.000 0.0 0.020 0.9 0.032 1.2 0.235 1.2
0.300 1.25 0.420 3.0 9.500 5.55 0.545 8.0
...... MODEL WEIGHT = 20000.00 (KG)
...... MODEL HEIGHT =  9000.00 (MM)
...... CORNER ANGLE = 0.0  (DEG.)
...... INCREMENT DISP= 5.00 (MM
veess- K-FACTOR = 1.0000 1.0000 1.0000 0.7500  0.7500

JAERI-M 90-00¢
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CRUSH SAMPLE PROBLEM (VERTICAL 9M DRCP)}

MODEL TYPE

STEP

Rele BN NNV, BE SR PYRE, S R

Appendix B

= VERTICAL

DEPTH
(MM}

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00

JAERI-M 90-004

(Continued)

TOTAL ENERGY =

FORCE
(KG)

1287621.02
2194504 .85
2589439.30
2591845.63
2591845.63
2591845.63
2591845.63
2591845.64
2591845.64
2591B45.64
2600025.5¢6
2612419.38
2624813.20
2757223.02
2773464 .40
2789705.79
2805947 .17
2822188.5¢6
2826302.84

ENERGY
(KG-M)

6438.10
17410.63
30357.82
43317.05
56276.28
69235.51
B2194.73
$5153.96

108113.19
121072.41
134072.5¢4
147134, 64
160258.70
174044, 82
175431.55
176826.40
178229.38
179640.47
179999.9%

Appendix C Graphical output of CRUSH

¥

CRUSH SAMPLE PROBLEM !VERTICAL 8M DROF}

RCCEL= 141.32 (B)

17999%.99 (KG-M)

ACCELERATION
(G)

64.38
109.73
129.47
129.5%9
129.59
129.59
129.59
129.59
129.59
129.59
130.00
130.62
131.24
137.84
138.67
139.49
140.30
141.11
141.32

VERTICAL

BeeTHT 72.13 thme

Fig, C.1 Graphical ocutput of CRUSH(1)

__48__



KG-M

ENERGY

G

ACCELERATICN
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CRUSH SAMPLE PROBLEM (VERTICAL 394 QROP?

2.0 T T T T T T T T T
17.54 -
1504 .
1z.5 4
10,04 4
7.5 | 4
5.0 4
2.5 L 4
o0 1 : : § ] ) : ; {
0.0 10.0 20.0 10.0 40.0 50.0 B0.0 0.9 80.0 90.0 100.0
DISPLACEHENT MM VERTICAL
Fig. C.2 Graphical output of CRUSH(Z)
CRUSH SAMPLE PROBLEM (VERTICAL 9M CROPJ
(it
18-0 T T T I T T T T T
Ld.04 / g
12.0. N
10.04 .
8.0 | 4
5.0 1 y
0 L 4
2.0 L -
0.4 ] | | 1 [ 1 ! l 1
1 1 T 1 T T 1 T T
0.0 10.0 20.0 jo-a 40.0 50.0 60.8 0.0 80-0 9G.0 100.C
DISPLACEMENT MM VERTICAL

¥ig. C.3 Graphical output of CRUSH(3)
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FORCE

KG/MM2

STRESS
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CRUSH SAMPLET PROBLEM [VERTICAL 39M OROP)

(10%
40.0 " T T T T T T
35-04- =
30.0.L -
25.0.1 - - .
20.0 4
15.0.4. e
10.0.. -
5.0 1 .
0.0 + ; t 4 ! f t ! +—
a.a 10-0 20.0 30.0 40.0 50.0 60.9 70.0 8c.0 80.0 100.0
0ISPLACEMENT MM VERTICAL
Fig. C.4 Graphical output of CRUSH({4)
CRUSH SAMPLE PROBLEM (VERTICAL SM DROPI
4.0
T T T T v 3 T ¥ i
3.5 | 4
PR _4;._4y——49"*3"‘a
3. - i
z. ,
2. J
1. -
1. -
D.
e : | } : ; 1' : &
0.0 15.0 20.0 25.0 i0.0 35.0 40.0 45.0 50.0 1107 1
STRAIN MM/HM VERTICRAL SIGR (CRALC.!
Fig. C.5 Graphical output of CRUSH(5)
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STREGS
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5TRESS

i.0

3.5

3.0
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CRUSH SAMPLE PROBLEM (VERTICAL SM DROP)

T T T T 3 H T T T
] ] | ] | l 1 l |
T T T T T T T T T T
o.q0 5.0 10.9 15.06 20.0 25.0 ic.o 35.0 40.0 45.0 s0.0 {10721
STRAIN MM/MH YERTICAL SIGE (CALC.!
Fig. C.6 Graphical output of CRUSH(6)
CRUSH SAMPLE PROBLEM (YERTICAL SH DROFI
T T T T T T T
o2 o "2 - = 2 o £ o -Of—a
| 1 4 I i | 1 1 |
T T T T T 1 1 1 T
0.0 2.0 4.0 6.0 B.0 .o 12.0 14.0 16.0 18-0 20.0 1167%1
STRAIN MM/MH VERTICAL SIGC (CRLC.!
Fig. C.7 Graphical output of CRUSH(7)

__.51 .
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Appendix D Job control data

//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA, DiM="++"
7/ JUSER XXXXXXXX, XX. XXXXXXXX, XXXX. XXX, CRUSH
T.1 C.1 W.2 1.2 CLS GRP
OPTP PASSWORD =XXXXXXXX
//RUN EXEC LMGO, LM=JXXXX. LMCRUSH1, PNM=CRUSH1
// EXPAND GRNLP
//FTE5F001 DD DSN=JXXXX. DTCRUSH1. DATA, DISP=8HR
// EXPAND DISK, DDN=FT02FQO01
++

/7
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Appendix E Program abstract in NEA DATA BANK Format

11.

12.

13.

Name : CRUSH.
Computer for which the program is designed and others upon which
it is possible:
FACOM-M780, IBM-PC, NEC-PC.
Nature of physical problem solved:
Drop impact analysis of radioactive material transportation
casks.
Method of solution:
One-dimensional static analysis.
Restrictions on the complexity of the problem: None.
Typical running time:
FACOM-M780 : 1 ~ 2 seconds.
IBM PC : 1 ~ 5 minutes.
Unusual features of the program: None.
Related and auxiliary program: None.
Status @
References:
"Simplified Amalysis Computer Programs and Their Adequacy for
Radiocactive Materials Shipping Casks', PATRAM '89 (Washington,
DC, USA June 11-16, 1989).
Machine requirement:
Requires 640 k bytes of core memory.
Program language used: FACOM-M780 FORTRAN-77.
Operating system or monitor under which the program is executed:

FACOM M.
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14, Any other programming or operating information or restrictions:
The program is approximately 2800 source steps. The
plotting program is used for the CALCOMP plotter or the
compatible ones.

15, Name and establishment of author:

T. Ikushima. Japan Atomic Energy Research Institute, Tokai
Research Establishment, Tokai-mura, naka-gun, Ibaraki-ken,
319-11, Japan.

16. Material available: Source.



