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In drop impact analyses for radicactive 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 to perform analyses by these programs.
To meet the above requirements, a simplified computer program CRUSH1 has been
developed. The CRUSH1 is a static calculation ceomputer program capable of
evaluating the maximum acceleration of cask bodies and the maximum deformation
of shock abscrbers using an Uniaxial Displacement Method (UDM].

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

(1) nct only main frame computer but also work stations (03 UNIX) and perscnal
computer (0S5 Windows 3.1 or Windows NT) are available for use of the
CRUSH1 and |

{2) input data set are revised.

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 CRUSH1.

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

Cask, Structural Analysis, Static Analysis
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1 . Intreduction

In the drop impact analyses for radioactive transpoft casks, it
has become possible to perform them in detail by using interaction
evaluation computer programs, such as DYNAZD, DYNA3D, PISCES and
HONDO. However, the considerable cost and computer time are
necessitated to perform analyses by these programs. To meet the.
above requirements, a simplified computer program CRUSH1 as shown in
Fig. 1.1 has been developed. The CRUSH1 is a static calculation
computer program capable of evaluating the maximum acceleration of
cask bodies and the maximum deformation of shock absorbers using a
Uniaxial Displacement Method{UDM) {1} as shown in Fig. 1.2.

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

(1) not only main frame computer but also work stations (0OS UNIX)
and perscnal computer (0OS DOS or Windows) are available for use of
CRUSH1 and

(2) input data set are revised.

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 CRUSHI1.
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Fig.1.1 Simplified analysis computer programs
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2. Calculation equation
2.1 Calculation model

In the modeling of shock abscrber, it is assumed that the shock absorber
congists 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 cendition
constants which are estimated by an overpack stiffness and boundary condition of

the shock absorber.
When the shock absorber deforms by the displa'cement A £ in a corner drop

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

E=— .

£ , _ (2.1)

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

wvhere ¢, ¢ and 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= Z fi . (2.3)
i
The dissipated energy E( &)} can also obtained using equation similar to
above Eg.(2.3)
E(5)= [, Fdf . (2.4)
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 @ are given as follows.
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E(8) =Y W-H , | | (2.5)

o = E%%l , (2.6)

where ¥ is the ratioc 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. In the figure, the symbols of Ga, Op,
0c, Op indicate their materials determined by the geometries of the
cask and the shock absorber.

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

following equations.

Fo1 + Fiz2 + Fz23 + Fau + Fys (2.7)

v
1]

=
L]

Z
J Fdz , (2.8)
0

where, for the region O~Ri

Fgp = K3 T UD(%) R, (2.9)
for the region Ri1~R:

Fis = Kz T GA(g%)(Rzz-Rlz) , (2.10)
for the region R2™~Rj

F2s = K3 1 0pG2) (Ra*Ra?) (2.11)
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for the region Ri~R.

Fu=Kyrx 03( AZZB)(R42-R32); (for op material) ,
3
(2.12)
_ AZC 2_ 2y . .
Fy=Kynoc (R —Ry"); (for gc material) ,
Zy—12Z4
Z=AZg+ AZ¢ ,
(2.13)
G (AZB)= ( AZc
B —Zs ac -*"-——24_23 ,
for the region Ry~Rs
— AZs 2_Rp2y. :
Fs=sKsmop A (R;"— R,%); (for o material) ,
3
(2.14)
_ AZc 2_n 2. -
Fy=Ks 7 oc (R*—R,%); (for oc material} ,
Zy—Zs
Z= AZB+AZC ,
(2.15)
o AZB):g( AZ¢ )
02K =1.

gi{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= Z Fi; = Fu+ P+ Fos+ Fau+ Fas+ Fas+ Fgr + Frg+ Fag | (2.16)
Fy=2 [,° AF dx , (2.17)

oy
E= [/ Fdy, (2.18)

where, for the region 0~Z, and 0~R;
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3

Ki OD(%Ef)dx'Zl; (for
Ko’é.z.Z_dn .
1 A(yz) x*Z1; (for

K; UB(%;i)dx'Zl; (for
3

Y2

2(VR22-x2 - VR12-x2)

Y3

U s 0,
U=y - h;

U >0,
h = Rg - VRg2=x2

| AF =
AF =
v1 = ZVRzz—Xz

U = Ay]_ +Ay2 +A}73

For the region 0~Z; and Ri™~R:

2(VR52=x2 - yRp2-x2)

Ayay _ o Ayey o o, AVs
op(Sh) = oalTH = os(SH

for AF

for AF

Ki csA(éyll—)dx-zl; (for
1

K1 oB(%f’z—z)dx-zl; (for

I 2(\/R52—X2—|/R22—x2)

y
U = Ayy + Ayz

Byiy _ oo B2
OA(Yl) UB(YZ)

For the region 0~Z; and R2"Rj

AF = K1 OB(g)dX'Zl ,

y = 2.1/R5 =X

op material) -,
0p material) ,

O material) ,

]
o

op material) ,

Op material) .

4

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.25)

(2.26)

(2.27)
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For the region Z,~%Z. and 0~Rs; equations are similar as éqs.(2.9)

through (2.25) when Z: changes to (Z,-Z1) and X: to K,.

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

AF = K3 JB(%—) dx - (Zg - Zz) s (2. 28)

where

y=J/1¢-2- /RE-%. (2.29)

For the region Z,~Z; and Ry~Rs

AF = K, aB(-g—)dx (Zo—1Ta) | (2. 30)

where

y=2/R—x%. (2.31)

For the region Z;~Zy and 0~R;

AF =K, ac(%) dx - (Za~7) , (2.32)
where
szRsz_x2_JR32_X2‘ (2.33)
For the region Zi~Z. and Ri~~HRs
AF =K, ac(%)dx (Ze-Ta) (2.30)

where

y=2/R?—x%. (2.35)

For the region Zs~Zs equations are same as the region Z;~Z., the region
Ze¢~Z7 same as the region Z;~Z;, the region Z;~Z; same as the region Z,~Z,

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

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

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

_8m
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shock absorber can be written as following, including the effect of the

wood grain angle 0.
ox = 0p cos’8 + op sin®8 , (2.36)

where 0p, OB and Ox are stresses in the wood whose grain direction is
parallel, perpendicular and angle 0 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. 2.1l).

XM
Fy = 2[ AF dx (2.37)
1]
F=] Fjds, (2.38)
. _
y
E = J Fdy , (2.39)
0
U £0, for AF =0

c
]

y—ho-h; . (2.40)
U >0, for AF % 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~P1z and Q1~Qu are as follows.

3

Py { ~R5cosb . Rssinf }
Py, { -RicosB . Risint }
P, | Ricosf . ~R181inb }
Py | Rscosf . ~Rs5sinf }

Ps {-RicosB + Z;sinf, Rycind + Zzcosf}
P¢ {-Ricos6 + Z,sinB, Risinf + Zocosf}
P; { Ricos® + ZpsinO, -Risinb + Zscosf}
Ps { RacosB + Zzsinf, -R3sin® + Zacosb} = (2.41)
+
+

Py {-Rscos® + ZysinB, Rssinf + ZycosB}

P1o {-Rscos® + Z,sinB, Rgsinf + Z,cosb}

-9 —
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P11 { R3cosB + Z,sinf, -Rjsind + Z,cosh}
P12 { RscosB + ZysinB, -Rssinf + Z,cosd}
Q2 {-Ricos® + Z,sin®, Ri1sinf + Z;cos8}
Qs { RicosB + Z;sinB, -R;sinf + Z,cosb}
Qo { Z;8ind . Zscosf }
Qs { Rycos8 + Z,sinB, -R,sinf + Z,cosB} J

The length of hy as shown in Figs. 2,12 and 2.13 are as follows.

When op % 0
. sinf .
hy = Rssinf - coze S ; (region P1;~P, and P3;~P,) ,
_ (2.42)
cos®
hg = Sinb (S - Rscos8); (region Py~Pi2) .
| When op = 0
i
!
‘ : inf
‘ hy = Rgsinf - 2325 S ; {(region P1~P; and P3~P,} , )
|
‘ cosb
{ hg = ;ggg (S - Rscos8); (region P,~Pi;) ,
| ho = £959 (5 4 Ricost) + (R1 + Rs)sinf; F (2.43)
i sinf
! (region(P2~Q2~Ps) ,
hy = @ ; (region P¢~Qo~P;) . J

The lengths of hy, £, and %; are as follows.
(a) If 22 is known (S<Ps, 3820, £:;=0 and K4=0), he, hy and £, are

shown in Fig. 2.15(a).

Rs )
Ao = sinf ; (region Py~Pg) ,

| (2.44)

,Q, =—-._..._]'__
2 sinfecogbh

(Zysin® - 8); (region Pg~Pi1,).

When op ¥ 0

\
|
‘ S
; ~ " 'sinBcosB (2.45)

=
—
|

n
(=]

i When op
|
H
|



hy; = -

h,

{(b) 1If %,

S

Ry
sin6

sinfcosf’

;: (Region P~Pg)
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(region P1~Py) ,

(2.46)

and %, are known (8<Ps, S>0, op%0, h1=0 and Ky=0), ho,

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

22

L2

N

g1

{c) If &2 is known

in Fig. 2.15(c) and are

(d) If £» is known

i

sinbcost

Rs
sinb

1

S

sinBcosH

Rs
sinb

in Fig. 2.16(d).

L2

When Op

h;

£

hi

21 =

hi

L1

When ap

I

1

S

sinBcosh °’

sinficosf *

0,

Rs

sinf °

.
>

; (region P1~Ps3) ,

; (55P,, region P2~P,~P12),

; (8>Py, region P2~Py~Pi2),

Simdeosp (Frein? = )

(for S

(for O

(for S

[7a)

<

0)

S =

Py)

Py)

{(Zysin® - 8); (region Pg~Pi1p) .

same as Eqs. (2.42), (2.43) and (2.43).

(2.47)

(2.48)

(S<Ps, S>0 and op=0), hg, h1 and £; are shown

(P55S5Qq and Ky=1), ho, hi, 21 and £z are shown

(2.49)

(2.50)

(2.51)

(2.52)



h]_=

21 =

h; =

L1 =

(e) If 23

sinfBcosf

0,

is known

in Fig. 2.16(e).

For region Qg ~ Pg

h1=

1 =

1

1

sinBcosH

5

sinBcosH

Rs
5inb

For region Pg ~ P;

i

hi

L1 =

,Q.l=

(£) If 2

Fig., 2.16(f).

h1=

1 =

1 =

_Rs_
sinb °

_5
sinfcost

Rs
sind

is known

1

sinfcosb

S

ginBcosb

Rs
sinfd

JAERI—Data/Code 96—025

; (for § = (2.53)

1A

o
)
~
-

(Z;sin8 - 3) , _
: (for S > Pg) . (2.54)

(Qe=SsP1, £2=0 and Ku=1), hy and £; are shown

(5 - Z3s8inb) , (2.55)

; (for s < Py) ,

(2.56)
; (for S 2 Py)

(2.57)
; (for § < Py)

(2.58)
: (for S 2 Py) .

(5>P1, £2=0 and Kx=1), h1 and %; are shown in

(8 - ZysinB) , (2.59)

; (for S < Py) ,
(2.60)

jiAvS

; {for § 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
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equation of the ellipsoid is as follows.

2 2
X
+i==1 ,

Rs? b

where
_ _Rg
b= sinf

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

XM = vb2-h? + sing ,

y = 1 ]/RSZ__XZ

sind

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

AF = K-O(%)As-ﬂx.,

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

where
K1 : for op=0; region P3~Qs,
for ap¥0; region P1~%,,
K2 : for op=0; region Q3~P7,
for OD%O;\region X1~X2,
K3z ¢ for region P311~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.

op = O'Ao +KA €A OAO +%§'UA »

(2.67)
K
OB=OBO+KB€B=OB°+—E—E*UB ,
and
Uy +Ug =U ,
(2.68)
-0p +o0g =0 ,
from above two equatiocns
1 1 Up U
; = . 2,69
-.I.(.A. .I_<..B_ u 0°-o° ( )
A 2B B A B
solve Eq. (2.69), we obtain Up and Ug.
(2) Three materials
[ 1 1 1 7 [ us) [ U )
_EA _K_B_ = - 0— 0- - '0
Ts %5 0 < Up aA OB (2.70)
EA. 0 KK. U D_ ¢
- K Ja oK
L I
L. A K_J \ J /
(3) Strain, stiffness and stress
Strain
€i=%::. (2.71)
i
Stiffness (see Fig. 2.20)
, = 92 = 01
Ki £ = &, ° {2.72)
Stress (see Fig. 2.20)
g; =01 —Ki * g1 . (2.73)

1
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Material

: Boundary

condition

constant

[0

Cask body

T P rava:

(b) Type II

(a) Type 1

Vertical drop model

Fig.2.1

Material

Cask

Absocrber

(a) Type 1

K,~Ka : Boundary

condition
constant

{b) Type II

Fig.2.2 Horizontal drop model
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Material
B x

Ky ~K, : Boundary

condition
constant
saare
(a) Type I (b) Type II
Fig.2.3 0Oblique drop model
Strain: ¢
£ =i
I g'
One-dimensional Force : F;
5 bar (i-th
i P () F=Kiai(en A
Total force : F
F=3F,
V’/‘, Acceleration : &
] "-"
A o _F
‘J X “Tm
A;
M : Mass, A : Area
Shock absorber o : Stress, K : Boundary
condition
constant

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

Z Cash body
d - Shock absorber
/K4 Ky Z,
|/
Ki K2 Kj 7,
— 7 l; {s
0 \ ~R-

[ [
0 Ry R Rt Ry Rs
Material

NN
18
EAcC
==

Ki~Ks - Boundary condition
constant

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

A=q B .—I @ Direction of drop
VA

02 Ki Ky ¢—0 - K: K

Ri— F = Cask body o

E;: Tk KKK ] Shock ab
Shock R, Ry § Q |~ =hock absorber
absorber/RS’”" % &

[ b

Ki~Ks Boundary condition
constant

Fig.2.6 Geometry and material in the case of horizontal drop model
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@ Direction of drop
Shock absorber

¢ Cask body

Material

[ X

K,~K, : Boundary
condition
constant

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

(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.2.18 Boundary condition constant in the case of
oblique drop
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Fig.2.19 Stress-strain curves of shock abscrber materials
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Fig.2.20 Stress-strain curve of shode absorber material
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3.Benchmark Calculation

In order to demonstrate the adequacy of the simplified computer
program CRUSH1, the benchmark calculations using experimental
results of the 1/4 scale model of NUPAC 125B cask as shown 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
comparison among the results obtained by the experiments, the
simplified computer program CRUSHl and the detailed computer program
DYNA3D is shown in Table 3.1. The relation among the oblique angles
of cask drop attitude and the maximum accelerations and the maximum
deformations obtained by' CRUSH1 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 CRUSH1 agree with both the experimental

results and that of the results of the detailed program DYNA3D.
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Table 3.1 Comparison between simplified and detailed
analyses and experiment
Acceleration (G) Deformation (mm)
Attitude Simplified | Detailed Simpilified | Detailed
Experiment | analysis | analysis | Experiment | analysis | analysis
CRUSH | DYNASD CRUSH | DYNA3D
Vertical 200 179 .~ 51 52 50
(200)**
Corner 106 125 190 127 151 132
{ 85)
Horizntal | 180 183 218 61 63 64
(160)
* Value of low pass filter is 600 Hz.
. Impact velocity
* * Mean vaiue = Rebound time
(NUPAC 125 B cask )4 scale model).
Cask lid
¢762 Internal lid

174

t775

Trunnion

Trunnion, |

[

e p—

o

Ef;f Internal vessel
o Int

Bolt

Cask body

Bolt

228.6 +

Fig.3.1

(Dimension in mm)

/Shock absorber

|_-Shield plug
:_? (Upper impact limiter)

= Canister

1 Shock absorber

t~ _ower internal
impact limiter

Shipping cask-NUPAC 125B (1/4 scale model)
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(b) Horizontal drop

i1l

(a) Vertical drop

R T
e i Toa ey
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(¢) Underformed mesh (d) Corner drop

Fig.3.2 Deformed shape after 9m drop impact
(NUPAC 125B cask 1/4 scale model)
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Fig.3.3 Comparison between simplified analysis and
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Fig.3.4 Comparison between simplified analysis and
experiment on deformation
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4, Computer Program

4.1 Program Description

The computer program CRUSH1 1s  static calculation program
capable of evaluating the maximum acceleration of the cask body and
the maximum deformation of the shock absorber using the uniaxial
displacement method.

The computer program CRUSH1 consists of a main routine and
thirteen subroutines +that are MAIN, CARDIN, VERT, HORIZ, CORNER,
MULTI, GETMAT, EQSOLV, GETSIG, FITSTP, MPLOT, DPLOT and UPLOT.
overall structure of CRUSHI is shown 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-on or bottom-on) drop ompact,

HORIZ : computes acceleration and defermation in the case

of horizontal (side-on) drop impact,

CORNER : computes acceleration and deformation in the case

of oblique drop impact,

MULTI : computes relation of stress-strain data 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,

MPLCT : plets data,

DPLOT : plots data,

UPLOT : plots data.

A macroscopic flow chart of CRUSH1 is shown in Fig. 4.2.
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4.2 Description of Input Data

This section describes the input data required by CRUSH1. 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 to follow. The input data forms are

presented in Table 4.1,

4.3 Description of Output Data
This section describeés the output data forms of CRUSH!. 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 CRUSH1.

(2) Calculation data
The calculation data; the deformation, the force, the energy and

acceleration are printed at every interval steps.
(3) Graphical output
CRUSH1 provides users with graphical output of the deformation,
relationship between acceleration and deformation, dissipation energy and

deformation, acceleration and dissipation, energy and so forth.
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Table 4.1 Input data for CRUSH1

Columns | Format Variables Descriptions
Data set No.l:Job description.
i - 8 244 NAME Flag for data type.
"TITLE T,
g - 10 2X - Blank,
11 - 78 70AL NTITLE Job description.
Data set No.2:Calculation model data,
1 - 8 244 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.
g - 10 2X - Blank.
11 - 20 Flo0.0 WEIGHT Weight of cask(kg).
21 - 30 Fl10.0 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 - 50 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 CONV Truncation error, if CONV is blank or zero,
CONV equal to 1.0X107°.
61 - 64 Ad NDATA. Flag for unit.
MM’ :unit is mm,
'CM ' :unit is cm,
65 - 70 6X — Blank.
71 - 80 Fi0.0 EPMAX Limit strain for calculation,0.0<EPMAX<1.0.

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.

1 - 8
g-10
11 - 20
21 - 30
31 - 35
36 - 40

244

2X
F10,0
F10.0

5X

A4

NAME

CLENGTH
RADIUS

KDTYPE

Flag for data type.
"LENGTH

Blank,

Length of cask body.
Radius of cask body.
Blank,

- Flag of material data.

'SIGD' :material oo exist.

?NQONE' :material oo do not exist.

Data set No.4:0ptions for imput

1 - 8
9 - 19
11 - 14
15
16 - 18

244

2X
Ad

1X
A4

NAME

NAME]

NDATA

data check and plotting.

Flag for input data check or execution.
"MODEL
' RUN
Blank.

":input data check.

":execution.

Plotting of calculation results.

'PLOT' :plotting of calculation results.
' ":no plotting,

Blank. -

Flag for debugging of program.
' CHEC’ :debugging of program.

» 1]

:no debugging.

Data set No.5:Geometry of shock

1- 8
8 - 10
It - 20
21 - 30

244

2X
F10.0

F10.0

NAME

Rl

R2

absorber(l),

Flag for coordinate of radial direction.
"RCOOR 7.

Blank,

Radius of shock absorber(see Fig.2.5, 2.6
and 2.9).

Same as above.
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Table 4.1 (Continued)

Columns | Format Variables Descriptions
31 - A0 | FI10.0 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(1IA).

1 - 8 2484 NAME Flag for coordinate of axial direction.

"ZCOOR .

g -10 2X - " Blank.

11 - 20 F10.0 Z1 Axial lenght of shock absorber(see Fig.2.5
and 2.6).

21 - 390 Flo,0 2 Same as above.

31 - 49 F10.90 Z3 Same as above.

41 - 590 Fi0.0 4 Same as above.

51 - 60 F10.0 Z5 Same as above.

61 - 70 F10.0 Z6 Same as above.

71 ~ 80 F10.0 Z7 Same as above,

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

‘1 - 8 Z2A4 NAME Flag for coordinate of axial direction.
"ZCOOR 7.

9 - 10 2% - Blank.

11 - 20 F10,0 Z8 Axial lenght of shock absorber(see Fig.2.5
and 2.6).

21 - 30 F1¢.0 9 Same as above,

Data set No.7:Boundary condition constant.

1 - 4 244 NAME Flag for data type.
" MESH ",

9 - 10 2X - Blank.

11 - 15 15 NPART Number of partitions in the X-Y plain of
horizontal or obligque drop case.
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Table 4.1 (Continued)

Columns | Format Variables Descriptions
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. If KPART is blank or
zero, KPART equal to 100,

21 - 3¢ F10.0 Kl Boundary condition constant(see Fig.2.5, 2.6
and 2.89).

31 - 40 F10.0 K2 Same as above.

41 - 50 F10.0 K3 Same as above.

51 - 60 F10.0 E4 Same as above,

61 - 70 F10.0 K5 Same as above,

Data set No,8A:

1 - 8
8 - 10
11 - 15
16 - 20
21 - 30

244

2X

I5

5X
F10,0

NAME

NN

FACT

Calculation model data.

Flag for material data identification.
*SIGA ' ga stress-strain data{see Fig.

2.5, 2.6 and 2.8).

'SIGB ': @8 stress-strain data.
*SIGC : g stress-strain data.
"SIGD '": oo stress-strain data.
"SIGX  ’: o¢x stress-strain data.
Blank.

Number of stress-strain data,
Blank.

Multiplication factor of stress data.

Data set No.8B:Stress-strain-data,

1 ~ 10
11 - 20
21 - 30
31 - 490

F10.0
F10.0
F10.0
F1¢.0

STRAIN(1)
STRESS (1)
STRAIN{(2)
STRESS{2)

Strain(see Fig.2.19 and 2.20).
Stress(see Fig.Z2.18 and 2.20).
Strain.

Stress.
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Table 4.1 (Continugd)

Coluzns | Format Variables ' Descriptions

41 50 F10.0 STRAIN(3) Strain.
51 - 60 F10.0 STRESS(S) Stress.
g1 - 70 F10.0 STRAIN(4) Straimn,
71 - 80 F10.0 STRESS(4) Stress,

Rpeat 8B data set for NN data.

Repeat 84 and 8B data set for SIGA, SIGB, SIGD and SIGX stress-strain data,
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MAIN

CARDIN

VERT

HORIZ MULTI

CORNER

— FITSTP |

MPLOT

DPLOT

| UPLOT

MULT!

GETMAT

[ EQSOLV ]

GETSIG

Fig.4.1 BSturcture of computer program CRUSHI

Input data
F55

Read

CRUSH || —Yrite
Read

Write Plot

;

Output data
F06

Fig.4.2 Program flow
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5. Conclusieons

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 CRUSHI make to analyze
economical and by shortening input and computer time to about 1/20
or less as compared with other detailed computer programs to analyze
dynamic interactions. The results obtained by the simplified
computer program CRUSH1 has an enough adegquacy for its practical use.
CRUSH1 is further being utilized satisfactory in safety analysis and
designing not only spent fuel transport casks but also those for

various radiocactive transport casks.
Ackowledgements

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

of making the computer program.
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{2} Ikushima, T.,"CRUSH: A Simplified Computer Program for Impact
Analysis of Radiocactive Material Transport Casks", JAERI-M 30-
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cask bodys and the maximum deformation of the sheck absorkber on the
drop impact, a simplified computer program CRUSH1 make to analyze
economical and by shortening input and computer time to about 1/20
or less as compared with other detailed computer programs to analyze

dynamic interactions. The results obtained by the simplified

computer program CRUSH1 has an enough adequacy for its practical use.

CRUSH1 is further being utilized satisfactory in safety analysis and
designing not only spent fuel transport casks but also those for

various radicactive transport casks.
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5. Conclusions

In regard to the evaluation of the maximum acceleraticon of the
cask bodys and the maximum déformation of the shock absorber on the
drop impact, a simplified computer program CRUSHl1 make to analyze
economical and by shortening input and computer time to about 1/20
or less as compared with other detailed computer programs to analyze
dynamic interactions. The results ocbtained by the simplified
computer program CRUSH1 has an enough adequacy for its practical use.
CRUSH1 is further being utilized satisfactory in safety analysis and
designing not only spent fuel transport casks but also those for

various radicactive transport casks.
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discussions. He is also indebted Mr. Yutaka Hasegawa, Junji Oshika
and Takashi Ishiwata of CRC Research Institute, Inc. for assistance

of making the computer program.
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i Appendix A Sample Pr‘o.blem Input

CRUSHI1 HODDEL DATA

1 2 3 & 5 & 7 -3
[ER TN - RN N« T SO P B » TR U TR S « A | T S -
1- FITLE HUPAC-125B CASK WERTICAL IMPACT MODEL
2- VERTICAL 1283.6 9000.0 2.0 5.0 0.0 MM
3- LENGTH 1775.0 208.0 S1GD
o= RUN PLOT
5- RCOGR 0.0 220.0 247.0 350.0 380.0
&- ICOOR 224.90 2264.0 350.0 474.0
7- ICOOR
B- MESH 1.0 1.0 1.0 1.0 1.0
9- SIGA 24 1.0
10- c.0 0.0 0.02 0.2 0,03 0.27 0.04 0.2¢9
11~ 0.03 0.3 G.25 0.3 .33 0.33 0.4 0.36
12- 0.45 0.4 9.5 0,44 C.55 0.52 0.58 0.57
13- 0.4 0.481 0.462 0.568 C.44 0.74 0.68 0.82
14- 0.68 D.¥v1 0.7 1.08 Q.72 1.20 0.74 1.42
15- 0.76 1.75 0.7a 2.18 0.8 2.78 0.82 3.5
146- $I1GH 24 1.0
A7~ 0.0 0.0 0.02 g.2 0.03 0.27 0.04 0.29
18-, 0.05 0.3 0.25 0.3 0.33 0.33 0.6 0.36
i9- D.45 0.4 0.5 Q.44 0.55 0.52 0.58 0.57
20~ 0.6 0.61 0.62 0.48 D.64 0.74 D.66 Q.82
21- 0.68 0.91 0.7 1.06 D.72 1.20 0.74 1.42
22~ a,74 1.75 0.78 2.18 0.8 2.78 0.82 3.5
23- 51G¢C 24 1.0
24— 0.0 0.0 0.02 0.2 0.03 0.27 0.04 0.2¥
25~ £.05 Q.3 0.25 0.3 0.33 0.33 0.4 0.38
28— 0.45 Q.4 ¢.5 0.44 0.55 ¢.52 0.58 0.57
27- 0.8 0.63 0.62 0.58 D.64 0.74 0.68 0.82
28- 0.58 0.91 0.7 1.06 c.72 1.20 0.74 1.42
29- 0.76 1.75 0.78 2.18 0.8 T2.78 0.82 1.5
3o~ SIGD 24 1.0
31- 0.0 0.0 a9.02 0.2 0.03 0.27 0.04 0.29
32- 9.05 0.3 0.2% .3 0.33 0.33 0.4 0.38
13- 0.45 0.4 0.5 0.44 0.55 0.52 0.58 0.57
34- 0.8 0,61 0.462 0.468 0.84 Q.74 0.66 0.82
35~ 0,58 0.91 0.7 1.04 0.72 1.20 0.74 1.42
36— 0.78 1.75 0.78 2.18 0.8 2.78 0.82 3.5
+e=vavy MODEL WEIGHT = 1203.40 (K@)
avresr MOREL HEIGHT = 9000.00 (MM)
X +verss CORMER ANGLE = 0.00 (DEG.)
H +veaer INCREMENT DISP= S.00 (MM}
sasess K=FACTOR = 1.0000 1.0000 1.0000 1.0000 1,0000
Appendix B Sample Problem Output
INPUT DATA ECHO
DATA 1 2 3 4 5 & 7
! SEG. NO. Eheht TELY L e R L e R E EEL R RS Ee e EEE TS EESELELERS Pl RS- PR LS EEE TS Ty ]
1 TITLE NUPAC-125B CASK VERTICAL IMPACT MOUDEL
2 VERTICAL  1zZ33.8 9000.0 0.0 5.0 0.0 MM
3 LENGTH 1775.0 208.0 . SIGD
& RUN PLOT
5 RCOOR 0.0 220.0 247.0 350.0 3ag0.0
& 2C00R 224.0 224.0 350.0 474.0
7 ZL00R
-1 MESH 1.9 1.0 1.0 1.0 1.0
9 S1GN 24 1.0
10 0.0 0.0 0.92 0.2 0.03 Q.27 q.04 0.2¢9
11 0.05 0.3 0.25 ©.3 0.33 9.33 Q.4 0.34
i2 0.45 0.4 0.5 U.44 a.53 Q.52 0.58 0.57
' 13 0.6 0.61 0.62 0.88 a.64 0.74 0.66 0.82
14 0.68 0.91 0.7 1.046 Q.72 1.20 0.74 1.42
15 - 0.7s $1.75 0.78 2.18 c.8 2.78 0.82 3.5
16 5168 24 1.0
17 0.0 0.0 0.02 0.2 0.03 0.27 Q.04 Q.27
i 18 0.05 0.3 0.25 0.3 0.33 0.33 O.4 0.348
! 19 0,45 0.4 0.5 .44 0.55 0.52 0.58 0.57
| 20 0.6 0.61 D.462 0.68 0.64& 0.74 0.486 0.82
! 21 0.68 0.91 0.7 1.06 0.72 1.20 0.74 1.42
22 0.74 1.75 0.78 2.18 0.8 2.78 0.82 - 3.5
23 816¢C 24 1.0
24 0.0 0.0 0.02 0.2 0.03 o.27 0.04 0.2¥
25 0.05 0.3 0.25 0.3 Q.33 0.33 Q.4 0.3s8
28 0.45 0.4 0.3 O.44 Q.55 0.52 0.58 0.57
F44 6.6 0,61 Q.62 D.68 0.484 0.74 D.68 0.B82
28 0.48 ¢.71 9.7 1.048 0.72 1.2¢ 0.74 1.42
29 0.76 1.75 0.78 2.18 0.8 2.78 0.a2 3.5
3o SiGD 24 1.9
3 0.0 C.0 0.02 0.2 0.03 0.27 0.04 0.2%
32 0.05 0.3 Q.25 0.3 0.33 0.33 0.4 0.34
33 0.45 0.4 0.5 0.44 0.55 4.52 0.358 0.57
34 0.6 0.81 0.2 0.68 0.64 Q.74 Q.44 °.82
35 0.68 0.91 a.7 1.04 o.72 1.2¢0 0.74 1.42
35 6.764 1.75 a.7a 2.18 0.8 2.78 0.32 3.5

« = & INPUT DATA END =+ = »
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Appendix B (Continued)

Appendix B

NUPAt—lZEB CASK VERTICAL IMPACT MOPEL

MODEL TYPE

STEP

W0 N O W R e

VERTICAL

DEPTH
(MM

'5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
85.50
86.00
86.50
87.00
87.24

{Continued)

TOTAL ENERGY =

FORCE
(KG)

59082.74
110880.80
129096.61
134048.81
136093.81
136093.81
136093.81
136093.81
136093.81
136093.81
136093.81
137377.28
138981.62
140585.97
14223%9.82
144073.35
145906.88
146090.24
146273.59
146456.94
1466460.30
146727.76

4,39._

ENERGY
(KG-M)

345.41

B99.82
1545.30
2215.54
2896.01
3576.48
4256.95
4937.42
5617.89
6298.36
6978.83
7665.71
8360.62
9063.55
9774.75
10495.12
11224.65
11297.70
11370.83
11444 .06
11517.38
11552.40

11552.40 (KG-M)

ACCELERATION
(G)

53.82
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106.03
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108.27
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110.81
112.24
113,67
113.81
113.96
114.10
114.24
114.31
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Fig.C.1 Graphical Cutput of CRUSH1(1)
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Fig.C.2 Graphical Output of CRUSH1(2)
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Fig.C.3 Graphical Output of CRUSH1(3)
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Fig.C.L Graphical Output of CRUSHT(#)
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Fig.C.5 Graphical Output of CRUSH1(%)
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Fig.C.6 Graphical Output of CRUSH1(6)
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fAppendix D Job Control Data

The job control data for CRUSH1 execution on the computer FACOM
M-780 in JAERI is as follows:

//JCLG JOB

// EXEC JCLG

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

// JUSER XXXXXXXX.XX,XXXXXXXX,XXXX.XX,CRUSH1

// T.03 C.02 W.01 I.02 CLS GRP

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

// OPTP PASSWORD=XXXXXXXX

// EXEC LMGOEX,LM=J2322.LMCRUSH1, PNM=CRUSH1

// EXPAND GRNLP

//FT55F001 DD DSN=JXXXX.DTCRUSH1.DATA,DISP=SHR

//FTO02F001 DD DSN=SPACE=(TRK, {5,5)), UNIT=TSSWK

o

/7
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11.

12.
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Appendix E Program Abstract

. Name

CRUSHI1.
Computer for which the program is designed and others upon which
is possible:
FACOM M-780, SUN4 or IBM-PC.
Nature of physical problem solved:
Drop impact analysis of radicactive material transpeort
casks.
Method of solutions:
One dimensional static analysis.
Restrictions on the complexity of the problem:
None.

Typical running time:

FACOM-M780 : 2 seconds.
SUN4 : 5 seconds.
IBM-PC : 10 seconds.

Unusual features of the program:
None.

Related and auxiliary program:
None.

Status:

References:
"Simplified Analysis Computer Program and Their Adequacy
for Radiocactive Materials Shipping casks™, PATRAM'EI
(Washington) DC, USA June 11-16, 1989).

Machine requirement:
Required 1100 k bytes of core memory.

Program language used:

FORTRAN-77.
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13.0perating system or monitor under which the program is executed:

FACOM M-780 : MSP.
SUN4 : Selaris 2.1.
IBM PC : Windows 3.1, Windows 95 or Windows NT.

14.Any other programming or operating information or restrictions:

15.Name

The program is approximately 2800 source steps (include
comment lines). The graphical programs are used as follows:
FACOM M-780 : CALCOMP pltter or the compatible ones.
5UN4 ¢ X-windows.

IBM PC ¢ windows 3.1, Windows 95 or Windows NT.
and establishment of author:

T. Ikushima

Japan Atomic Energy Research Institute,

Tokai 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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