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EXECUTIVE SUMMARY

The Spent Nuclear Fuel (SNF) Canister Storage Building (CSB) is the interim storage facility for
the K-Basin SNF at the U.S. Department of Energy (DOE) Hanford Site. The SNF is packaged
in multi-canister overpacks (MCOs). The MCQOs are placed inside transport casks, then
delivered to the service station inside the CSB. At the service station, the MCO handling
machine (MHM) moves the MCQ from the cask to a storage tube or one of two sample/weld
stations. There are 220 standard storage tubes and six overpack storage tubes contained i in a
below grade reinforced concrete vault. Each storage tube can hold two MCOs.

j
The purpose of this report is to investigate the potential for damage to the MCO during impact
from an eccentric accidental drop onto the standard storage tube, overpack tube, service station
or sampling/weld station.

The MCO impacts a 45° inclined surface on the lower flange at both the standard storage tube
and the overpack storage tube. The standard storage tubes have a smaller gap between the
tube and the embedment than the overpack tubes. This limits the tube lateral displacements to
a lower value, which means that during a drop mare force would be transferred to the MCO
causing more potential for damage. Therefore, the standard storage tube was selected to
represent the drop for both locations.

The shielding rings at the service and sampling/weld station are fixed in place and do not move
during impact. The inclinations of the impact surfaces of the shielding rings have been reduced
from 45° to 15° from vertical to reduce the impact damage to the MCO. The temporary shielding
at the sampling/weld station is less massive than the shield hatch ring at the service station and
will cause less damage to the MGO from an accidental drop. Therefore, the receiving service
station pit has been chosen to représent the drop for both locations.

The maximum equwa!entk_plastlc strain is 40 to 45% and occurs on the MCO bottom near the
point of impact and is compressive (negative triaxiality factor). Some gouging may occur but
since the compressive failure strain for the base metal is above 80%, it is not likely that through
the wall cracking will occur, however removal of local surface metal may occur.

The maximum predicted equivalent plastic strain at the MCO lower weld is about 2%, during the
drop onto the standard storage tube. This is well below the weld metal failure strain of 10% with
a triaxiality factor of greater than 2. The maximum tensile principal strain is in a radial direction,
therefore, any failure would be by spalling or flaking rather than through-wall cracking.

The deceleratioh of the MCO haskets are shown to be about 20 g or less, well within the design
allowable of 35 g.

The deformations of the MCO and standard storage tube are less than the tube clearance,
therefore, no wedging of the MCO in the tube is expected.

1021799
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ENGINEERING REPORT

ANALYSIS FOR
ECCENTRIC MULTI-CANISTER OVERPACK DROPS
AT THE CANISTER STORAGE BUILDING

INTRODUCTION

The Spent Nuclear Fuel (SNF) Canister Storage Building (CSB) is the interim * -
storage facility for the K-Basin SNF at the U.S. Department of Energy (DOE)
Hanford Site. The SNF is packaged in multi-canister overpacks (MCOs). The
MCOs are placed inside transport casks, then delivered to the service station
inside the CSB. At the service station, the MCO handling machine (MHM) .
moves the MCO from the cask to a storage tube or one of two sample/weld
stations . There are 220 standard storage tubes and six overpack storage tubes
in a below grade reinforced concrete vault. Each storage tube can hold two
MCOs.

OBJECTIVE

The purpose of thls report is to investigate the potential for damage to the MCO
during impagt frotn an eccentric accidental drop onto the standard storage tube,
overpack storage tube, service station or sampling/weld station. Damage to the
storage tube and sample/weld station is beyond the scope of this report. The
results of this analysis are required to show the following;

o |f a breach resulting in unacceptable release of contamination could occur in
the MCO.

» |fthe dropped MCO could become stuck in the storage tube after the drop.

e Maximum deceleration of the spent nuclear fuel baskets.

SUMMARY AND CONCLUSIONS

The maximum equivalent MCO strain is 40 to 45% and occurs on the MCO
bottom near the point of impact and is compressive (negative triaxiality factor).
Some gouging may occur but since the compressive failure strain is above 80%
for the base metal, it is not likely that through the wall cracking will occur but
removal of local surface metal may occur.

The maximum predicted equivalent. plastic strain at the MCO lower weld is about
2%, during the drop into the standard storage tube. This is well below a 42%
failure strain for a negatuve triaxiality factor. The maximum tensne pnnclpal

1 : _ 10!21/99
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strain is in a radial direction, therefore, any failure would be by spalling or flaking
rather than through-wall cracking.

The maximum deceleration of the MCO baskets is about 20 g or less, well within
the design allowable of 35 g.

The deformations of the MCO and target assembly are less than the tube
clearance, therefore, wedging of the MCO in the tube is not expected.

The analyses of the standard and overpack storage tube assemblies have been
studied in References 1 and 2. However, the strains found in this report are in

agreement with previous analyses and no rupture or through walt cracking is
anticipated.

EXPERT PANEL

An expert panel was assembled to oversee this report to verify that appropriate

inputs, methods, and assumptions were used and to ensure the findings of this

report would be available in a timely manner. The panel was made up of the
following members.

o L. D. Blackburn Metallurgy

e R.D.Crow Safety Analysis

e L. H. Goldmann © MCQO Design Authority

e R.P.Kennedy ' Structural Analysis

e L.K. Severud Engineering Management & Structural
: Analysis

The expert pane! report is included as an attachment to this report.

DESCRIPTION

Four eccentric MCO drops from the MHM in the CSB are studied in this report.

. The drops occur at the following locations:

Standard storage tube assembly
Overpack storage tube assembly
Service station

Sampling/weld station

The MCO is constructed of stainless steel and measures approximately 24
inches in diameter by about 13 feet in length as shown in Figure 5.1 as the shell
assembly. The MCOs are maneuvered inside the CSB by the MCO handling
machine (MHM). The MCO impacts a 45° inclined surface on the lower flange
at both the standard storage tube and the overpack storage tube. The damage
to the tube assembly has been studied in References 1 and 2. The standard

2 10/21/99
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storage tubes have a smaller gap (1/2") between the tube and the embedment
than the overpack tubes (1"). This limits the tube latera! displacements to a
lower value, which means that during a drop more force would be transferred to
the MCO causing more potential for damage. Therefore, the standard storage
tube was chosen to represent the drop for both |ocations. The standard storage
tube is 28 inches in diameter and approximately 40 feet long and is shownin
Figure 5.2. A sketch of the drop onto the standard storage tube is shown in
Figure 6.3. -

The shie_l,d‘fng rings at the service and sampling/weld station are fixed in place
and do not move during impact. The inclinations of the impact surfaces of the
shielding rings have been reduced from 45° to 15° from vertical to reduce the -
impact damage to the MCO. The temporary shielding ring at the sampling/weld
station is supported on steel posts from the base of the pit. The service station
shield hatch ring is more rigidly supported directly on the floor embedment and
is more massive than the sampling/weld station shielding ring. A drop on this
more rigid and massive ring would cause more damage to the MCO from an
accidental drop. Therefore, the service station was chosen to represent the

drop for both locations. A sketch of the drop onto the service station is shown

on Figure 5.4.

Each MCO has the capacity to contain six Mark 1A baskets (see Figure 5.5) or
five Mark [V baskets loaded with fuel pins. The baskets are stacked one on top
of the other. At the bottom of the MCO are 6 basket support plates (ribs) in a
radial arrangement These 6 ribs support the entire basket stack. The loaded
baskets make up about 70% of the total MCO welght

Drop Paranieters at Standard Tube Assembly

Loaded MCO weight, without cap 20,000 Ibf
Drop height 90 inches
Drop velocity 263.7 infsec

Kinetic energy at impact
Point of impact .

- Impact distance from inside face

of standard tube assembly
MHM off center dimension
Drop angle

Drop Parameters at Service Station
Loaded MCO weight, withoutcap

Drop height
Drop velocity

P e e e AR o B R rdbhatnp1min L o e

1,800,000 in-lbf
45° inclined surface of lower flange
2.75 inches

‘1 inch
2°21

20,000 Ibf
90 inches
263.7 infsec

10/21/99
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5.5

5.6

Kinetic energy at impact

Point of impact

ring

Impact distance from top inside
face of opening

MHM off center dimension
Drop angle

7
4

y
MCO Physical Properties
Wall thickness

Bottom thickness
Qutside diameter

Qutside diameter at head

SNF-5204, Rev. 1/CSB-5-0073

1,800,000 in-Ibf
15° inclined surface of shield hatch

1.58 inches

3.63 inches
1840’

0.5 inches
2.01 inches

24.0inches

25.3 inches

Standard Storage Tube Physical Properties

1

Lower ﬂan'ge thickness

Slope of lower flénge sealing surface

““
Tube inner diameter
Wall thickness

Service Station Physical Properties

Shield hatch ring thickness

Slope of shield hatch ring

Material Properties

3.5 inches
45° from vertical
27 inches
0.5 inches

10 inches
15° from vertical

The MCO is constructed from 304L stainless steel while the storage tubes are
constructed from ASTM A36 steel. The stress-strain curves for these steels are
dependent on the applied strain rate. Stress-strain data for a strain rate of

60 inchlinch per second (maximum strain rate observed in an earlier computer
run) was calculated (Appendix A) and is plotted on Figures 5.6 and 5.7 along
with the normal stress-strain curve for 304L and A36 steel, respectively.

The material properties for the MCO and storag'e tubes are as follows: _ ' )




MCO MATERIAL

{Ref. Drawing no. H-2-828043)

Elastic modulus
Poisson ratio

STANDARD TUBE ASSEMBLY
MATERIAL

Elastic modulus
‘Poisson ratio

em e ke o o b afmene e Ee e e

SNF-5204, Rev. 1/CSB-S-0073

304L stainless steel

28,000,000 psi
0.27

ASTM A36

29,500,000 psi
0.27

10/21/99
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Figure 5.3. MCO, MHM and Storage Tube at Time of Impact.
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ANALYSIS APPROACH AND ASSUMPTIONS

A finite element computer model is utilized to simulate the MCO impact analysns
The MCO, the standard storage tube assembly and the shielding ring are -
explicitly modeled so that elastic and plastic strains for both assemblies can be
computed to characterize the reactive forces and energy absorption dunng
impact. e
./ -
The high”strain rate material property was used to study the damage at the -
bottom of the MCO. The strain rate capability of the ABAQUS/Explicit program
was not used because it would significantly increase the computer run time.

Computer Program

Industry-accepted, quality assurance (QA) approved and efficient computer
analysis codes are required to perform sophisticated nonlinear dynamic finite-
element analyses. The ABAQUS/Explicit computer program was selected for
this analysis. ABAQUS/Expilicit is a well-documented and proven finite-element
program. Itis a general-purpose finite-element analysis program, which has
been used in the nuclear industry for decades. The program has an extensive
element library. Nonlinear geometry (contact surfaces, sliding surfaces and
large deﬂectlons) nonlinear material properties (plasticity and strain hardening},
and explicit time integration are specific options that make the program ideat for
evaluation of,nonflinear dynamic impact evaluations. Contact surfaces allow free
movement ofitwo adjacent nontouching surfaces but preclude penetration of one
contact surface into another. Sliding surfaces allow free movement of two
adjacent nontouching surfaces but resist movement if the two surfaces are in
contact. Friction forces that are determined by normal forces and prescribed
friction coefficients mode! the resistance. The program comes with a well-
documented theoretical manual and verification manual. The program has an
error reporting system available through the Internet. ABAQUS/Explicit has
extensive preprocessing, and graphics capabilities.

ABAQUS/Explicit has previously been used to simulate the puncture-drop tests
and drop tests on SNF canisters. Actual test drops were set up and performed

"to determine how well the simulated drop results and the actual drop results

matched. Evaluations of the drop simulations and actual drops are found in
References 13 and 14. There was a good match in deformations of the actual
dropped canister to those calculated in the model, with the model generally
overpredicting the deformations. The model was very good in simulating the
actual dropped canister response.

ABAQUS/Explicit has been verified and validated through the FDNW QA
program. ABAQUS/Explicit is currently maintained in accordance with these .
requirements. Use of the program at FDNW is restricted to authorized users’
administered by the FDNW software administrator. ABAQUSIExpltclt ver5|on )
5.8-10 is used in this analysis
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Computer Simulation

Two computer runs using the comprehensive finite-element model were used to
determine the effect of an MCO drop onto a standard storage tube assembly for
the material properties (nominal and maximum strain rate stress-strain curves)
and geometry parameters listed in Section 5.0. Another computer run was
performed for the MCO drop at the service station using the nominal strain rate
stress-strain curves (without considering the high strain rate effect).

Coefficients of friction for various materials are given in Reference 3. Sliding
coefficients for miid steel on medium steel varied from 0.53 to 0.18 for sliding
speeds of 0.0001 in/sec to 100 infsec. A coefficient of sliding friction of 0.3 is
used throughout this analysis.

Computer Modeling of MCO Drops onto Storage Tube Assembly

The interface surfaces of the MCO and the MHM (MCO handling machine) are
modeled with contact surfaces to control the lateral displacement of the falling
MCO. The interface surfaces of the standard storage tube assembly lower
flange and the concrete deck embedment are modeled with contact surfaces to
control the lateral displacement of the deflecting standard tube assembly lower
flange resulting from the glancing blow of the MCO onto the inclined surface of
the lower flange. ,The MHM and the concrete deck embedment are modeled
with rigid e!e[,nents.’

The interface surfaces of the MCO and the inclined surface of the standard tube
assembly lower flange are modeled with contact surfaces to characterize the
deformation and sliding at the point of impact. The elements depicting the
contact surfaces of the MCO and the standard storage tube assembly are
modeled with solid elements having elasto-plastic material properties. Figures
6.1 and 6.2 show the computer model for the drop at the standard storage tube
assembly.

. Two previous MCO drop analyses were performed to determine the effects of an

accidental drop. One analysis (Reference 1) studied the potential damage to
the standard storage tubes and the other (Reference 2) studied potential
damage to the overpack storage tube. The computer models of these reports
are not suitable to study the damage to the MCO.

The improvements in this analysis include better modeling of the MCO internals,
accounting for the strain rate effects on the material stress-strain properties,
refinement of the finite element model in areas of high strains, and inclusion of
appropriate predictions of the failure strain levels. Specifically, the MCO model
has been improved in the following ways:

14 - - 10/21/99
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e Mesh Size

A finer mesh was used in the high stress/strain area around the impact
location. The finer mesh yields lower results, but requires a longer run time.

¢ Shell vs. solid elements

In previous analyses the MCO bottom was made up of solid elements up to
the area of the weld between the bottom ahd the wall. From that pointup
shell lements were used. The transition from solid to shell elements at the
weld could cause undesirable effects on the results. For this analysis the
area of solid elements was extended above the high stress area. :

« Four elements vs. seven elements through the wall

A model with 7 elements across the thickness of the wall has been
developed to compare the results with a 4-element model. The maximum
equivalent plastic strain of the 7-element model is about 20% less than the
restilts of the 4-element model. Each element in the 7-element mode! is
about 0.07 inches thick. The time required for each iteration of the
ABAQUS/Explicit program is controiled by the eilement size. The 7-element
model requires about 60 hours of computer time to run. The final analysis of
the drop on the storage tube assembly uses the 7-element model.

]
e Basket mass

The mass of the basket and its contents was accounted for in previous
analyses'by placing mass elements in the MCO bottom. This method of
modeling did not accurately represent the movement of the baskets that
occurs during an impact. For this analysis the basket is modeled with solid
elements and beam elements in the proper locations. Contact surfaces are
modeled between the baskets and the MCO interior surface. The basket is
free to bounce inside the MCQ during impact, which more accurately
simulates the actual condition. The density of the basket material in this
model was increased to include the mass of the fuel pins. This process,
known as smearing, provides conservative results.

. For the MCO drop on the storage tube assembly, the vertical and horizental

gaps between the tube assembly and the concrete deck are included in the pre-
impact model configuration to accurately characterize the influence of the impact
of the MCO on the inclined surface of the tube assembly lower flange. As the
impact occurs the lower flange moves down and away from the point of impact.
At the same time the MCO slides down the inclined surface of the lower flange.

Computer Modeling of MCO Drops onto Service Station

The interface surfaces of the MCO and the inclined surface of service statlon

shield hatch ring are modeled with contact surfaces to characterize the '
deformation and sliding at the point of impact. The elements depicting the -

contact surfaces of the MCO and shipping cask are modeled with solid ele ents o
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having elasto-plastic material properties. Figure 6.3 and 6.4 show the computer
mode! for the drop at the service station.

Basically, the MCO model for the drop onto the service station is similar to the ‘
MCO model for.the drop onto the storage tube assembly except as follows

. The number of elements through the wall thickness was reduced from
seven to four. The reduction in elemerits reduces computer run time and
/gwes conservative results. _

. A finer vertical mesh was used through the full length of the MCO. A
finer horizontal mesh was used near the impact location (as in Standard
storage tube assembly drop) and on the opposite side of the impact
location.

The finer mesh on the opposite side of the impact location was necessary to
yield reasonable results because the basket bounces and |mpacts the MCO wall

-at that location.
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Figure 6.1. Computer Model of MCO Drop onto Storage Tube.
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3-D Sheall Elements

3-D Solid Elements

Standard Storage Tube

Embedment

Figure 6.2. Close-up of Computer Model of MCO Drop onto Standard Storage

Tube.
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MHM
MCO
; Baskets
. Shield Hatch Ring
Guide Ring

Shipping Cask

Figure 6.3. Computer Model of MCO Drop onto Service Station Shield Hatch
Ring.
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Figure 6.4. Close-up Computer Model of MCO Drop onto Service Station Shield
Hatch Ring. _
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The equivalent plastic strain (peeq) is calculated from three principal plastic
strain, and the value is greater than the maximum absolute value of the three
direction strains. It is convenient to measure the magnitude of permanent
damage/deformation by using peeq value that is represented by the plastic
strain in all directions. The Mises equivalent stress, triaxiality factors, and
peeq's for.each component are found in Appendix B. The triaxiality factors and
strains at critical location and critical time are summarized in Table 7.1.

“Table 7.1. Calculated Failure Strain and Predictad Strain

Location Node Time Triaxiality Effective Equivalent
number (second) factor failure strain | plastic strain
Lower weld 72179 0.021 -0.115 0.428 0.0175
Lower weld 72179 0.02175 0.656 0.018 0.0018
MCO bottom 70019 0.0052501 -2.678 (.80 0.3966

Figure 7.1 shows the deformed shape of the MCO and standard storage tube
0.03 seconds after impact. Figures 7.2 through 7.6 show the deformed shapes
and strains of the MCO and storage tube after impact. Deformation strains
along with failure strains at the bottom and lower weld on the MCO from the
ABAQUS analysis are calculated and documented in Appendix B. These
locations represent the areas of highest MCO strain.

The Mises time history plots of the stress near the outer weld surface and the
impact location are shown on Figure 7.11 and 7.12, respectively.

The basket velocity during impact with the standard storage tube is plotted in
Figure 7.7. The slope of the velocity curve gives the basket deceleration. The
steeper the velocity curve, the greater the deceleration. The steepest portion of
the curve is between 260 and 230 inches per second. The time interval
between the two points is 0.0045 seconds. The change in speed divided by the
time interval is 30/0.0045 or 6667 in/sec/sec. Since the acceleration from

" gravity is 386.4 inches per second, the g force that the basket experiences is

6667/386.4 = 17 g (say less than 20 g).

The basket velocity during impact with the service station is plotted in Figure
7.8. Using the method noted above, the basket g force is about 4 g. - The basket
nodes used for the g force calculations are shown in Figure 7.9.

The computer-generated views on Figures 7.10.a through 7.40.i show a timed
sequence of the MCO drop onto the standard storage tube.

The ABAQUS/Explicit computer simulation uses global coordinates to describe )
the stresses and strains in the model. The ABAQUS direction 1 corresponds to
stress/strain in the radial direction at the point of impact and 180° from the point

.21 1019
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of impact. At other locations around the MCO circumference, the direction 1
stress/strain represents some combination of radial and hoop stress/strain. The
hoop stress and strain at the point of impact is shown on Figures 7.15 and 7.18,
respectively. The radial stress and strain at the point of impact is shown on
Figures 7.13 and 7.18, respectively. The ABAQUS/Explicit direction 2
corresponds to the stress/strain in the meridian (vertical} direction. The _
ABAQUS direction 3 corresponds to the hoop stress/strain at the point of lmpact
and 180° from the point of impact. At other locations around the MCO
circumference the direction 3 stress represents some combination of hoop and
radial stress/strain. The meridian stress and strain at the point of impact is
shown én Figures 7.14 and 7.17, respectively.

The deformations near the point of impact for the MCO and standard storage
tube are shown in Figures 7.20 and 7.21, respectively. The clearances between
the MCO and standard storage tube after the drop are calculated below.

Cold tube O. D, 28.00"
tolerance - .or
- ’ 27.93"
Tube Wall Thickness - .588"
“ * - .588"
Cold Tube . D. 26.754"
*MCO topat 220°F -25.31"
Reduction jn tube O. D. - 1.07
Net Ciearance | 444"

e The top of the MCO is 25.31 inches in diameter while the maximum
deformed barrel diameter is about 24.1 inches, the larger of the two values
is used.

The maximum kinetic energy during the drop is about 1,800,000 in-lbf. The time
history of the kinetic energy for half of the MCO during the drop is plotted in
Figure 7.19.
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Figure 7.1. Close-up View at 0.03 Seconds After Impact Onto Storage Tube

Assembly.
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Figure 7.5. Equivalent Plastic Strain at MCO Bottom 0.04 Second After Impact
Onto Service Station Shield Hatch Ring. '
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Figure 7.9. Node Locations for Velocity Plot of MCO Drop onto Service Station.
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Figure 7.10.a. MCO Drop Animation (Time = 0 second)
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Figure 7.10.b. MCO Drop Animation (Time = .00375 second)
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Figure 7.10.c. MCO Drop Animation (Time = .0075 second)
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Figure 7.10.d. MCO Drop Animation (Time = .01125 second)
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Figure 7.10.e. MCO Drop Animation (Time = .015 second)
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Figure 7.10.g. MCO Drop Animation {Time 2.0225 second)
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Figure 7.12. Mises Equivalent Stress Time History Plot of Element 70019 at MCO

bottom near Impact location.
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Figure 7.16. Stress in Hoop Direction (direction 3) at Time 0.03 Second.
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FAILURE CRITERIA

(Discussion and criteria provided by Larry Blackburn, Metallurgy Consultant to
DESH/FDH.)

Failure of the MCO will not occur if the maximum principal strain resulting from
the drop is below a value that could initiate local cracking. The multi-axial
loading and deformation associated with the drop need to be considered in
evaluating limits on maximum principal strain. Manjoine (4) has proposed that
the tensile elongation measured in a tension test can be adjusted to predict
multi- axnarfallure strain by the relation.

=20 for TF20, and (1a)

=2 for TF<O0 - . (15)

L mr & my

where ¢ is the effective (Mises) strain at failure,

e, is the tensile elongation from tension test, and

TF i.s the stress state triaxiality factor.
The ratio of the Mises straln at failure divided by the uniaxial tensile elongatlon
is a measure of reldtive ductillty between muiti-axial and uniaxial stress states.

Ductility giveh by Equation (1) increases as the Triaxiality factor decreases from
one and decreases as the triaxiality factor increases from one as shown in

Figure 8.1 below.

The effective strain and triaxiality factor is defined by the relations

;zg[(e,-ez)g(ez_e;) Hese) 7 s

where €4, €2, and €; are the principal strains, and

‘\/E(O'E+O'2+o'3) l ‘ "
[(J‘ -02)2 +(O'2 _0'3)2 +(°'3 _0'1)2]E

where oy, o2, and o; are the principal stresses.

TF =

52 ' . gpape
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_ f-F’igure 8.1 Ductility vs Triaxiality Factor.
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Manjoine indicates support for the correlation from several alloys, but does not
cite the specific references for the test data. A pressure vessel burst test
program sponsored by the Pressure Vesse! Research Committee (PVRC)
provides support for the Manjoine correlation. Boyer and Rolfe (5) report that €
measured after bursting by internal pressure of a smooth pressure vessel made
of carbon steel was 0.236, while e;was 0.33. These results are in good
agreement with Equation (1a). A test on a second pressure vessel containing

. an intentional notch reduced € to 0.125. Goller et al (6) report failure strains in

pressurized discs (both smooth and reinforced) of alloy steel that are twice as
large as the tensile elongation. These multi-axia! failure strains in discs are
much higher than would be predicted by the Manjoine correlation. Several
researchers (Blejwas [7], Clauss [8], and Horsche! [9]) report results for bursting
of sub-scale models of nuclear reactor containment structures of carbon steel.
In a simple 1/32-scale model, failure strains were about 0.21 for a smooth
geometry, and about 0.16 for geometry containing penetrations (Reference 7).
The tensile elongation for the steel was not reported, but the multi-axial failure
strains are similar to those cited above for the PVRC vessels. Containment
models that were 1/8 and 1/6 scale (References 8 & 9) were geometrically more
complex and contained various penetrations, hatches, and stiffening rings.
Localized failure strains were not measured directly, but indicated strain gage
readings for the 1/8 scale test would suggest local failure strain exceeded 0.08.

B 9/24/99
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In these models, failures initiated at a formed stiffener adjacent to the
reinforcement at an equipment hatch penetration (1/8 scale model), and at a
thickened region around a penetration (1/6 scale model). Both models were
loaded beyond general yielding, and the free-field strains (i.e.; away from
geometric discontinuities) were in the range 0.013 to 0.031 when ultimate failure
occurred. '

The MCO being analyzed in the present evaluation exhibits a smooth geométry
without any discontinuities or notches that would reduce failure strains below
those predicted from the Manjoine correlation.

For assessment of the weld region, the tensile elongation should be based on
tests of weld metal. Results from thirteen different welds (References 10 & 11)
tested at room temperature were used to determine tensile elongation. These
welds were produced using various welding procedures and represent 308, 16-
8-2, and 316 stainless steel weld metal compositions. For a total of 27 tension
tests on as-deposited welds, the mean value of e;is 0.37 with a standard
deviation of 0.078. Defining the minimum value of g, as the mean value minus
twice the standard deviation, &; {min.) is 0.214.

For assessment of base metal regions, the specification minimum value for e, of
304L. stainless steel base metal is 40% based on uniaxial tensile test at “low”
(nominal) strain rate. The maximum acceptable value of e, for 304L stainless
steel base metal is therefore about twice that for the weld metal.

L
- 4
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DISCUSSION

Results of the inelastic analysis calculations include the following significant
findings.

e Failure Criteria.

Conseryative failure strain levels were predicted for both welds and parent
304L., sfainless steel material, accounting for scatter in properties and multi-
axial stresses and strains, using the methods in Section 8. For a triaxiality
factor of 1.0 (uniaxial tension), the above values are 21% for the weld metal
and 40% for the base metal. For a triaxiality factor of 2.0 (maximum value for
biaxial tension at surface) the above values are 10% and 20%, respectively.
For negative values of triaxiality factor (significant compressive stress) that
are characteristic of the major portion of the strain accumulation in the drop,
the failure strain values are 42% and 80%, for weld metal and base metal
respectively.

¢ Drop onto Storage Tube.

Improving the model for the MCO internals and impact locations, using the
refined finite element model of the wall (7 solid elements through the wall),
and maximizing the strain rate effects gives the highest weld region effective
strain of dess than 0.6%. If the low strain rate effects are used, the value is
increased but is still less than 3% with a triaxiality factor less than 2.0.
Comparing these to the bounding 10% failure strain predicted above (or 5%
when including strain rate effect reduction factor) indicated to the Expert
Panel that no cracking would occur. Moreover, the maximum tensile principal
strain is in a radial direction, maximum at the outer surface and any failure
would be by spalling or flaklng rather than crack formation and propagation
through the wall.

With the improved models of above, the results indicate the MCO bottom
plate area-of-impact sustains a high triaxial compressive stress state
{triaxiality factor is negative) with a maximum effective strain of about 45%
and 40% for the cases using low (nominal} and high strain rate effects. Since
the predicted failure strain is 80%, no cracking is expected to occur. If the

- - strain rate reduction factor is included the failure strain is reduced to 40%,

indication a potential failure. However, the maximum tensile principal strain is
perpendicular to the base surface and is a Poisson's ratio effect, therefore
any failure would be through spalling or flaking.

The above results also show that the areas of MCO not discussed above are
structurally acceptable since the strains are much lower (mostly in the elastic
range). No structural instabilities are indicated, and the vertical deceleration
of the MCO baskets is less than 20 g's, well within a conservative allowable
of 35 g's from the MCO design criteria.

55 ©/24/99
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The deformation of the support tube where the flange attaches to the tube
cylinder is much less than that of the MCO-to-tube clearance, thus, no
adverse wedging of the MCO in the tube is expected.

e Drop onto Service Station Guide Ring.

The finite element model gives the highest weld region effective strain of
about 1%. Comparing this strain to the bounding 10% failure strain predicted
above (or 5% when including strain rate effect reduction factor) indicated to
the Expert Panel that no cracking would occur. Moreover, the maximum
tensile principal strain is in a radial direction, maximum at the outer surface
and any failure would be by spalling or flaking rather than crack formation and
propagation through the wall.

The results indicate the MCO bottom plate area-of-impact sustains a triaxial
compressive stress state (triaxiality factor is negative) with a maximum
effective strain of about 18%, which is less than the storage tube case. Since.
the predicted failure strain is 80% (or 40% when including strain rate effect
reduction factor), no cracking is expectedto occur. Moreover, the maximum
tensile principal strain is again perpendicular to the base surface and is a
Poisson’s ratio effect, therefore, any failure would be through spalling or
flaking. ‘

The above results also show that the areas of MCO not discussed above are
structurdlly acceptable as the strains are much lower {mostly in the elastic
range). No structural instabilities are indicated, and the vertical deceleration
of the MCO baskets are.about 4 g's, well within a conservative allowable of
35g's from the MCO design criteria.
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r 15,1999 Richland , WA

Earlier analysis of a postulated eccentric drop at a CSB tube indicated that significant inelastic
deformation in the MCO may occur and a breach of the MCO could not be ruled out. In
addition, criticality configuration contingency control for the spent nuclear fuel could not be
assured. The radiological dose consequences from such a breach had not been shown to meet
evaluation guidelines. Accordingly, a plan of action to resolve this issue was undertaken. This
plan included the assembly of an expert panel to provide guidance for further work including
modeling activities, preliminary calculations, refining the resolution strategy, and implementing
the resolution. The drop of the MCO was assessed for the drop on storage tube and for the drop
on the service station guide ring. The Expert Panel has met a number of times and the current
conclusions reported herein are the results and findings of the new modeling and calculations,

The Expert Panel members were:
LD Blackburn - Metallurgy
RD Crowe - Safety Analysis
LH Goldmann - MCO Design Authority
RP Kennedy - Structural Analysis
LK Severud - Engineering Management & Structural Analysis

The Expert Panel, after review of the earlier analysis, made recommendations for improving the
modeling and reducing the conservatism in the earlier model and calculations. These included
better modeling of the MCO internals and impact locations, accounting for the strain rate effects
on the material stress-strain properties, refinement of the finite element model in the areas of the
high strains, and inclusion of appropriate predictions of the failure strain levels. Results of the
inelastic analysis calculations with these changes include the following significant findings:

Failure Criteria. Conservative failure strain levels were predicted for both welds and parent
304L stainless steel material, accounting for scatter in properties and multi-axial stresses and
strains, and using the methods in Attachment 1. For a triaxiality factor of 1.0 (uniaxial tension),
the above values are 21% for weld metal and 40% base metal. For a triaxiality factor of 2.0
(maximum value for biaxial tension at surface) the above values are 10% and 20%. For negative
values of triaxiality factor (significant compressive stress) that are characteristic of the major
portion of the strain accumulation in the drop, the values are 42% and 80%, again for weld metal
and base metal respectively.

Drop onto Storage Tube.

1. Improving the model for the MCO internals and impact locations, using the refined finite
element model of the wall (7 solid elements through the wall), and maximizing the strain rate
effects gives the highest weld region effective strain of less than 0.6%. If the minimum strain
rate effects are used, the value is increased but is still less than 3% with a triaxiality factor less
than 2.0. Comparing these to the bounding 10% failure strain predicted above indicates to the
Expert Panel that no cracking will occur. Moreover, the maximum tensile principal strain is in a
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radial direction, maximum at the outer surface and any failure would be by spalling or flaking
rather than crack formation and propagation through the wall.

2. With the improved models of above, the calculations indicate the MCO bottom plate arc-of-
impact sustains a high triaxial compressive stress state (triaxiality factor is negative) with a
maximum effective strain of about 45% and 40% for the cases using maximum and minimum
strain rate effects. Since the predicted failure strain is 80%, no cracking is expected to occur.,
Moreover, the maximum tensile principal strain is perpendicular to the base surface and is a
Poisson’s ratio effect, so that any failure would be through spalling or flaking.

3. The above calculations also show that the areas of MCO not discussed above are structurally
acceptable as the strains are much lower, mostly in the elastic range, no structural instabilities are
indicated, and the vertical deceleration of the MCO baskets is about 20G’s, well within a
conservative allowable of 35G’s from the MCO design criteria.

4. The deformation of the support tube where the flange attaches to the tube cylinder is much
less than that of the MCO-to-tube clearance and so, no adverse sticking of the MCO is expected.

Drop onto Service Station Guide Ring.

1. The finite element model gives the highest shell weld region effective strain, located at the
outer surface, of less than 1%. Comparing this strain to the bounding 10% failure strain
predicted above indicates to the Expert Panel that no cracking will occur. Moreover, the
maximum tensile principal strain is in a radial direction, maximum at the outer surface and any

failure would be by spalling or flaking rather than crack formation and propagation through the
wall.

2. The calculations indicate the MCO bottom plate arc-of-impact sustains a triaxial compressive
stress state (triaxiality factor is negative) with a maximum effective strain of about 18%, which is
less than that for the storage tube case. Since the predicted failure strain is 80%, no cracking is
expected to occur. Moreover, the maximum tensile principal strain is again perpendicular to the

base surface and is a Poisson’s ratio effect, so that any failure would be through spalling or
flaking.

3. The above calculations also show that the areas of MCO not discussed above are structurally
acceptable as the strains are much lower, mostly in the elastic range, no structural instabilities are
indicated, and the maximum vertical deceleration of the MCO baskets is about 4G’s, well within
a conservative allowable of 35G’s from the MCO design criteria.
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Although the drop analysis report is yet to be drafted, checked and reviewed, the Expert Panel
judges that the ongoing work and final report will show that the MCO is not breached in the event
of a postulated drops on either the support tube or service station guide ring. The results of the
drop on the service station guide ring are also applicable to the drop of the MCO at the
sample/weld station.

Zo Sectiaen

LD Blackbu.(% - Metallurgy
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RD Créwe - Safety Analysis
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LH Goldmann - MCO Design Authority
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LK Severud - Engineering Management & Structural Analysis
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PREDICTION OF FAILURE STRAIN

Failure of the MCO will not occur if the maximum principal strain resuiting from the drop
is below a value that could initiate local cracking. The multi-axial loading and
deformation associated with the drop need to be considered in evaluating limits on
maximum principal strain. Manjoine (1) has proposed that the tensile elongation
measured in a tension test can be adjusted to predict multi-axiza! failure strain by the
relation.

=207 for TF 20, and (la)

Py =l

=2 jfor TF<O : (1)

where ¢ is the effective {Mises)} strain at failure
g, is the tensile elongation from tension test, and
TF is the triaxiality factor.

The effective strain and triaxiality factor are defined by the relations.

2 b l

fercof +(emesf +lesme) |7 @
whare €4, g4, and &, are the principal strains, and

— V2(o, +0, +0,) 1 )

[(O'l ~a,) + (o, “‘:73)2 +(o, "71)']2

whare oy, 6o, and g, are the principal stregses.

fManjoine indicates support for the correlation from several alloys, but does not cite the
specific references for the test data. A pressure vessel burst test program sponsored by
the Pressure Vessel Research Committee (PVRC) provides support for the Manjoine
correlation. Boyer and Rolfe (2) report that € measured after bursting by internal
pressure of a smooth pressure vessel made of carbon steel was 0.236, while e;was
0.33. These results are in good agreement witn equation 1a. A test on a second
pressure vessel containing an intentional noteh reduced € to 0.125. Goller et al (3)
report failure strains in pressurized discs (both smooth and reinforced) of alloy steel that
are twice as large as the tensile elongation. These multi-axial failures strains in discs
are much higher than would be predicted by the Manjoine correlation. Several
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researchers (Blejwas [4], Clauss [5], and Horschel [8]) report results for bursting of sub-
scale models of nuclear reactor containment structures of carbon steel. 1n a simple 1/32
scale mode!, failure strains were about 0.21 for a smooth geometry, and about 0.16 for a
geometry containing penetrations (Ref. 4). The tensile elongation for the steel was not
reported, but the multi-axial failure strains are similar to those cited above for the PVRC
vessels. Containment models that were 1/8 and 1/6 scale (Ref. 5, 6) were geometrically
more complex and contained various penetrations, hatches, and stiffening rings.
Localized failure strains were not measured directly, but indicated strain gage readings
for the 1/8 scale test would suggest local failure strain exceeded 0.08. In these models,
failures initiated at a formed stiffener adjacent to the reinforcement at an equipment
hatch penetration (1/8 scale model), and at a thickened region around a penetration (1/6
scale model). Both models were {oaded beyond general yielding, and the free-field
strains (i.e.; away from geomelric discontinuities) were in the range 0.013 te 0.031 when
ultimate failure occurred.

The MCO being analyzed in the present evaluation exhibits a smooth geometry without
any discontinuities or notches that would reduce failure strains below those predicted
from the Manjoine correlation.

For assessment of the weld region, the tensile elongation should be based on tests of
weld metal. Resuits from thirteen different welds (7, 8) tested at room temperature were
used to determine tensile elongation. These welds were produces using various welding
procedures and represent 308, 16-8-2, and 316 stainiess steel weld metal compositions.
For a total of 27 tension tests on as-deposited welds, the mean value of e,is 0.37 with a
standard deviation of 0.078. Defining the minimum value of e, as the mean value minus
twice the standard deviation, e; (min.) is 0.214.

For assessment of base metal regions, the specification minimum value for e, of 304L
steinless steel base metal is 0.40. The maximum acceptable value of e, for 304L
stainless steel is therefore about twice that for weld metal.
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 MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT '
Engineering stress-strain curve for 31 6 SS heat T. '-

On the basis of data pravided In table A-3 contalned in B!ackbum 1981, engineerng stress-stra!n curve can be
conslrxchaf by ltnear Interpolation, Stress values In the table are given in maga Pascals. Further the values are
converted to psl.

fi=0.22 . [ 0.000000 ] r 36114 )
g 1= fe2s, = 0.001000 ’ | 37408
: 0.002060 38261
'_ggg 2'%47?9 S t23 = f 123-Pa-1000000 0.003000 | 38972
04 538 | 0.004000 39610
005 2887 € e € - 0002 € pt =| 0.005000 $ 123 = | 40146 |°PSi
006 1 0.006000 40640
Eg%} ;g:: 0.007000 | #1048
s T3 0.008000 41379
)| 5333 0,018000 44498
0 058 _ , 0.028000 46949
03 323.7 0.035000 49052
: ;ﬁé ‘ . 0.045000 50981
:3: 363:4 ‘ 0.055000 52707
o7 Y ER 3 , 0.068000 54360
05 5N ' : 0.078000 55970
05 3ye. 0.088000 57464
; f . 0.093000 58842
- 5 o , 0.198000 68342
T oy : 0298000 73368
%1 333 o . 0.393000 . 77204
3 343 . 0.493000 79481
| 0.595000 | | 79481 |

Using the term "Engmaering stress-strain” it is implied that cross section of the specimen durang uniaxial
tension test remains unchanged.

—

VE o1 T € g VS 433 ' S t23’ 'vs 123(e) 1= linterp ve 5, vs 123, ¢

10
F _ -
= - 60 / /
5w
o
(%]
L)
o 20

o ;
0 0.1 02 0.3 o4 0S 0.6

Strain

ENGINEERING STRESS-STRAIN CURVE FOR 316 SS STEEL
INELASTIC RANGE
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MATERIAL PROPERTIES FdR ABAQUS/EXPLICIT INPUT

t
True stress-strain curve for 318 SS heat T.

Most materials that exhibit ductite behavior ((large inslastic strains) t.zield at stress levels thal are orders ot
magnitude less than the elastic modulus of matera!, which Implies that the relevant siress and strain measures
are "true” stress {Cauchy stress) and logariimic strain, Materlal data for all of thase models should, tharefors, bs
given in these measures. The englneering (}r;gominal) slress-sirain data from uniaxial test for isotropic material
can be simply converted to true stress and logarithmic plastic slrain by use of the follawing formulas:

. a
O true=% eng'(1 + € eng]  and ¢ pr=in(1 + ¢ gng) - true

Thus for 316 SS haat T steel true stress strain relation can be expressed as follaws:

5123
E 45316 i 28000000-pSi & gng. = E';?i%a' re g St = {1 +¢gng) 5123
, St
€ yp, 1= ln;“l +e eng,) B pvorr
—— ——t
VEtr T € ) VS =Sy
VS . € ¢t i= linterp, ve y, VS € g
[ 0.001290 ] ’ o [36161 [~0.000]
0.002336 37493 0.001
0.003366 38390 0.002
0.004392 39143 0.003
0.005415 | 39824 0.004
€ gng = | 0.006434 ; St =1 aps05 |*PSi € ¢r=| 0.005
0.007451 : . 40642 0.006
0.008466 : 41292 0.007
0.009478 ) ‘ - 41771 0.008 _
0.019589 f | 45369 0.018
0.029677 _ 48342 0.028
0.039752_ _ 51002 0.037
0.049821 _ 53521 0.047
0.059852 ' 55863 0.056
0.069941 : - 55162 - | 0.066
0.079999 60348 0.075
0.090052 | L] 62639 0.084
0.100101 | 64732 0.093
0.200441 . §2040 0.180
0.300638 : 96075 0.259
0.400757 : 108143 0.333
0.500839 ' 119288 0.402
| 0.600839 | - : [ 127236 | [ 0.466 |
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT '

| /L
!
120 ' : .
!
100 s -
-§- 30 : P el :
fod Vi,lr"'l m\ ' _?— // l
E o |~ | : ;
4 ' i : |
g ! ! i
a0 5 + ! : , ;
, i 1 |
! l ] : \ :
20 - - l i
a | | |
| | | |
0 ' ' ’
0 0.05 4.1 0.15 02 0.2 03 0.35 0.4 0.45 Gt
’ i
True plaslh'c strain

" TRUE STRESS-STRAIN CURVE FOR 316 §S STEEL

True stress-straln curve for 304 SS @ specific strain rate.

From ABAQUS output an estimated strain rate can be computed as follows:

Depsndent upon how fast the the sirain is applied to the material, the material exhibits varying value of 2% yle!d
siress. This behavior of Type 304 Stzinless Stesl Is captured in Steinken, 1971. Using actual slrain rate from
ABAQUCS/EXPLICIT run the material properties are adjusted accordingly.

'fime interval for which plastic strain can be approximated as stralght line is:

LB -3 ' 4 3 : ~ e
At := 'T9"5 10 sec-.[-g 5 10‘ sec At = 0.0019s2c

Corresponding plastic strain increzse is:
Ae pl := 0.1633 - 0.0475 At pl = 0.1158 | '

Aac i
At

= 60.28-5‘-.%"I

The effect of the strain rate on the vaiue of "0.2% Yield Stress” (Steicken, 1971, Figure 2.} for 30488S.

&
S ygs304 = 51820-psi _:.‘T_,-lo_ar so_}-wpoasxsls

A-4-




B SNF-5204, Rev. |
o CSB-$-0073

MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT

The stress-strain curves for 316 SS sleel end 304 SS sleol are similar, Due to similarity the final plastic strain
curve can be estimated by adjusling the 316SS curve by a difference In the value of the yleld stress for 318SS
and 304SS @ formerly computed straln rate.

AS y. =8 ygs304— S tr, 4As y= 15659.02 -psfl si=s 23, s = 36114.4 epsi
S trgs304 = S tr + A4S VS trs8304 *7 Strss304 VO irss304 (€ tr) 1= lnterp; ve ¢, VS trge304. € ¢ -
y _ () Ve 12 VS 1rs8304.€ tr -

- 1
£ alss304 © Ess3i6

ey := 0,0.0001..0.5
VS 55304 € tr) 17 1€ r<E g155304 € $8316°F ¢ VS tras304 € r) s
E 55318°€ glsga04 = 361144 ops]

VS 1rss304(.00127) = 5179688 +psi

ji=0.3
£ = fTpn i=
lnj tln}
000001 30032, S tin '= ftin-psi
0,253 160707, ‘
0.3 oTa3T, .
0,307 T0Z20T. plin == * in
300321 . ' 0.000010
s o] 100701 . | 0293000
0 =1 jorast|P plin = 4 300000
102201 | k 0307000
-———) _-’ -
VE plin *= € plin VS tin F 8 fin 8 fin, = 30032 +psi
§ tin,

® elss304 o3y ¢ elss3os = 0001073

VSiin € plin = lintere Ve gjin, VS tin. € plin -

VS jg) € p!in" = K g5315°F plia VS fin{-3) = 10143] «psi

4-5
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT

v8 orig (& plin) = (€ plin<€’ elss304- 3 tel (% plin)+ VS tin(€ piin))

€ plin = 0,0,0001..0:466
150 l
!
!
g 0 !
8 P
| %
g s
' ‘5’ 50 L/
g
- ;
L.~ . .
R R e
! | i | | 'E
o ! 3 L '
[+ 0.03 0.) 0.13 D2 0.1 0.3 D35 0.4 0.45 0.5
Straln
— new data @ 60.3 1/sec strain rate
— — griginal input datfa
Figure 2sr-0a. TRUE STRESS-STRAIN CURVES FOR 30488 STEEL
£:=0,0.0!.. 005 £ (' 0.05,0.10.. 0.5
VS trss304(€) VS trs5304 €
4 Iﬁﬁﬁ-pm . £ tr [ﬁ‘UU-pﬁ
0 50.10 0.05] [é69.68
)} 5 ‘ R | 15T
ooz [B131 ' 1) o750
k] I 17 “for]  [A0T08
004 [B7TO7 ; 10555
005 [89Ed o3| e
U. 175.33]
04 134.35
U35 [TA0TE
05| aEws
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MATERIAL PROPERTIES FOR I\E"\CIlJ=SIIE)("l.|(3!"'||!l’l]1r ]
8y . -
4y = {1+ ang) = B

s'ypi=strrasy

r 51820 ] -0.0000]
53152 0.0010
54049 0.0020
54502 0.0030
55483 0.0040

st » | s6064 |ePsi € = | 0.0050
56601 0.0060
57052 0.0070
57430 | : 0.0079
61028 - 0.0178
§4001 0.0275
66661 0.0372
69180 o 0.0467
71522 0.0562
73821 0.0655
76107 | 00748
78298 | : 0.0840
80391 0.0931 |
97699 0.1798.
111734 - 02504 §
123803 _ 03332
134947 04018

| 142895 | [ 0.4660
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MATERIAL 'PROPERTI'ESV FOR ABAQUS/EXPLICIT INPUT

Engineering stress-strain c‘ufve for- SA36.

ji=0.3
.= .= E .i= 29500000-psi
tes=  fost2y = - cs3g = =
| B [360a4 8 cgt23 = f cqr23-psi
i) - 3R : .
95 330335
: 8 c5t23
18T ZETIS - _ : _ Scst23,
€cspl“€ecs © €lcs36 "~ Fgag € olcsag = 0.00122183
0.000000 36044
] _ | 0020000 . L
espl ™ | 095000 est23 = | s5ng5 | P
0.161000 ‘ 64728

— _
VE cspl 1% 1€ cspl VS cs123 1% S cst2d VS cstea(e) = linterp, ve o), VS egt23, € € 1= 0,0.0001.. 0.161

70

i ! ! : |
60 ot ! : ! i ! __..-I—-""""_

8. 50 — ! ;
% 40 ~ j ‘
W Vacstaaie) 3! < | 3 _ |
g TR : : ;
[ B
2 I

0 :

10 fourm— ‘

ok . . .

¢ 0.02 0.04 0.06 0.03 0.1 0.2 0.34 016 0.18

T
Strain

ENG]NEERING STRESS-STRAIN CURVE FOR SA36 CS STEEL
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT
_True stress-strain curve for SA36 CS, ' B

8 cst2
E csag = 295000004psi € gggng = Tt & cst 1= (I te cseng,) S est2g,
‘ ; - . ?cslrl " Scshr, o .
3 cstrj = ll‘! .\I + & cseng}) - E"E's's—s' 'E—ca'lo L] 0.000001
—_— w—
VE cstr ©= (€ egtr) ~ VSestr® Scstr
VS cgte( € ) 1= linterp/ve cgir, VS carr € ;223: ':g:g:;:
0.001222 Scstr =) 5505 { P ® cstr = | o, 001985
) - 65064 k
i N 0.002281 06 | 0.002975
csend | 0.003867
0.005194 € := 0,0.0001 ., 0.161
§0
70 o . . : / i -
. . I . ’ / !, {
60 : ‘ :

M-

SAbG siress x 1000 psi
<
L3
| %i
0] -
[.]

E 2

- e —

1} | =g e e

o 0.02 o004 0.06 0.03 o1 ¢.12 Q.12 0.15

E
True plastic strain

TRUE STRESS-STRAIN CURVE FOR SA36 CS STEEL
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT ]

True stress-strain curve for SA36 @ specific strain rate.

From ABAQUS output an estimated straln rate can be computed as follows:
Time Interval for which plastic strain can be epproximated as straight line s:

. . 4
At:= -1-1!9?--5-10‘3-530 - Tg-S-IO'gvsec : Al = 0.0019+sec

Corresponding plastic strain increase is:

Ae pl = 0.1633 ~ 0.0475 At pl = 0.1158

Ag
P e 60.280sec™]
at

The effect of the strain rate on the value of 0.2% Yield Stress (Fjgura 2. ref......) for SA36,

. 17.2
8 ysad6 ‘= 57820-psi ( —7<10 + 50 1000 = 57818

The stress-strain curves for SA36 steel and 304 SS stael are similar. Due to similarity the final plastic strain
curve ¢an be estimated by adjusting the 31658 curve by a differenca in the value of the yleld stress for 318SS
and 30458 @ formerly computed strain rate. :

As y = S yga3g = S te, : as = 21659.02 +psi
———— : —r
S{sa36 ‘T Str+Asy VS trsa36 '= ® trsa3s VS tr3a38 € = HNMOID VE 4, VS 1152360 F r
as = 21659.02 «psi S = 5123, 5 = 36114.4 *psi
: Sire=tt
Strsalds =SirtAsy VS trsa36 = 8 lrsals VS trsa33 € | = nleP Ve, VS wsads v - Tr
$ trsa3g,

© elcs36 T E a5

€ :=0,0.0001..05

VS cg35 € g = IlE < elcgsé-E cs38°¢ trsVS trsal6 € tr
E cs36°€ elcsag = 57520 *psi € elesag = 000196
Vs cs36(0.00122183 ) = 36043.99 spsi

VS cg36( 0.0016) = 47200 +psi € oiceag = 0-00196
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT

S 123
L] ’ (] o
£ elcs36 B g3 €' glcsag ™ 0.00122422

vs' !23(:) = If(sr<£' elcs36 +E cg38°E. V8 123(3‘))

€ piin *= 0,0.00001 .. 0.16

100 - 1 — —

5 |
90 ' ‘i/:'/
: ‘ - ; ‘g
30 " I e - : o
70 T , l - ; :
@ / i 1 E /
o i : ! : \
50 : : . . !
§ ( H d i ' . ! !
g * :i/r - . ' - i
o -~ '
g 40 4 | ' ! I l
1 . 1
[ . : i !
30 : : T l
! | ’ ?
20 - -
‘ i ‘
i . :
10 -
0 ' : :
Q 0.0 0.04 0.06 0.03 [ 0.12 0.14 0.16
‘ . . Strain -

new data @ 60.3 1/sec strain rate
— — original input data

Figure 2sr-Qb. TRUE STRESS-STRAIN CURVES FOR SA36 STE-E'L
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MATERIAL PROPERTIES FOR ABAQUS/EXPLICIT INPUT ]

£ :=0,001. 0.16

VS trsa36(c)
€ IUUU'DSl
ol [552] _
072 %3'-51' " - "'ﬁ(l-!-c ) E—Strj $'4ri= 8 +as
u.02 . tr, = eng;] ~ rT S tr
vo3] 701 : 9 "’336_ : y
003 [7Z9
5| [753
[0.08] [78.0 ' [ 57820 ] [ 0.0001 T
po7| (8032
sl N o
009 [B52] '
e R 60802 0.0031
411 854 61483 0.0040
0.1Z| 973 8t =| 62064 |[*PSi € ¢ =| 0.0050
o3| [534 62601 | 0.0060
013 [954] 63052 0.0070
AL g;:: 63430 0.0079
67028 , 0.0178
70001 0.0275
7266 0.0372
75180 | 0.0467
77522 0.0562
79821 | 0.0655
82107 ' 0.0748
84298 0.0840
86391 0.0931
103699 0.1798
H7734 0.2594
129303 03332
140947 0.4018
| 148895 | | 0.4660 |
REFERENCES:

Blackburn, L.D., Granslade, D.L. Mechanical Froperties of b?ém 316 Stainless Steel Materfals
Afrer Irradiatlon 8! 515 *C and 6§85 °C. HEDL-TME 81-4, April 1981.Hanford
Enginsering Development Laboratory, Richltand, WA.

Stelcken J M High Strain Rale Mechamcaf Propsrties of Type 304 Stainless Stes! and Nickel
00 (RM-14). HEDL-TME 71-145, September 157 1.Hanford Engineering Development
Laboratory. Richland, WA. -
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APPENDIX B

B.1 CHECK CRITICAL AREA IN WELD REGION

SNF-5204, Rev. 1

CSB-8-0073

ELEMENT 70301 (element located at welding area near inside surface)

minimum | Intermed. | maximum} minimum | intermed. [ maximum
fime principal | principal | principal | principal | principal | principal | triexiality | Mises equivalent
(second){ stress stress strass plastic | plastic plastic factor stress plastic
{psl) {psi) (psi) slrain strain strain (TF) {psi) strain

0.0008] -39924 -5782 -1989] -0.00031| 0.00013] 0.00018] -1.3180] 38188 0.0003
0.0015] -43395] -136845 -2953] -0.00155] 0.00052{ 0.00102] -1.8528 36297| 0.0016
00023} -42909]{ -16688 -2867] -0.00668] 0.00162] 0.00508] -1.7799] 35151 0.0070
0.0030] -28058| -15954 -1376] -0.00668] 0.00162] 0.00506] -1.9341 23983] 0.0070
0.0038] -15477 -9839 -1150] -0.00668] 0.00162{ 0.00508] -2.1171 12501] 0.0070
0.0045] -14843 -2179 6607 -0.00668] 0.00162{ 0.00508] -0.55786 18677 0.0070|
0.0053 -8849 -7531 28411] -0.00613| 0.00128| 0.00485] 0.3285] 36819] 0.0065
0.0080] -11808 -9144 10543] -0.00582] 0.00112] 0.00471] -0.4986 21258] 0.0062
0.0068] -16102} -13519 -3429{ -0.00582| 0.00112] 0.00471] -2,8493 11599) 0.0062
0.0075] -23759] -18898 -5655] -0.00582| 0.00112] 0.00471] -2.9769 16229 0.0062
0.0083] -17337] -15182 -5220] -0.00582] 0.00112] 0.00471| -3.3707 11196] 0.0062
0.0000] -14405 -7115 1586] -0.00582( 0.00112} 0.00471] -1.4376 13867 0.0062
0.0098] -15306 -6741 4506) -0.00582 0.00112 0,00471] -1.0192 17210{ 0.0062
0.0105] -15936 -6283 4398{ -0.00582] 0.00112 0.00471] -1.0115 17618) 0.0062
0.0113] -17049 -6614 737] -0.00582|. 0.00112 0.00471] -1.4810 16480] 0.0062
0.0120] -18016 -6536 -32401.-0.00582] 0.00112] 0.00471] -2.0887 13435] 0.0062
.0.0128] -18344] -11635 -6068] -0.00582] 0.00112] 0.00471] -3.3861 10646f 0.0062
0.0135] -22769| -15744 -65331 -0.00582| 0.00112] 0.00471] -3.1940 14103} 0.0062
0.0143] -35357] -13943 -7171} -0.00582| 0.00112] 0.00471] -2.2159 25484} 0.0062
0.0150] -37669] -13260 -7139] -0.00582| 0.00112]| 0.00471] -2.0758 27976/ 0.0062
0.0158] -13778 -6544 -2704] -0.00582| 0.00112| 0.00471] -2.3645 §737( 0.0082
0.0165] -10715 -6214 -2998] -0.00582| 0.00112| 0.00471] -2.8670 6716{ 0.0062
0.0173] -12206 -5891 -1672] -0.00582] 0.00112| 0.00471] -2.1663 8172| 0.0062
0.0180] -17384( -15982 -6819] -0.00582] 0.00112] 0.00471} -4.0434 §938{ 0.0062
0.0188] -18902; -11656 -1148]-0.00582| 0.00112| 0.00471} -2.0508 15462] 0.0062
0.0195] -30888] -22322 -5421] -0.00582] 0.00112] 0.00471} -2.6122| 22445] 0.0062
0.0203] -23525] -16428 -5741] -0.00582( 0.00112] 0.00471] -2.946%8 15506]  0.0082
- 0.0210} -2917¢ -5845 -2128{ -0.00582| 0.00112| 0.00471| -1.4628 25397| 0.0062
0.0218) -32429] -15516 -4848] -0.00582( 0.00112| 0.00471] -2.19186 24089| 0.0062
0.0225] -34793] -23161 -5170{ -0.00582| 0.00112| 0.00471| -2.441% 25851 0.0062
0.0233] -36657| -24853 -5525] -0.00682( 0.00112] 0.00471] -2.4525 27222 0.0062
0.0240] -27363] -11578 -5707} -0.00582j 0.00112) 0.00471| -2.3016 18399 0.0062
0.0248]| -27891 -14712 -5179] -0.00582| 0.00112] 0.00471] -2.4189 19753 0.0062
0.0255] -27132] -13810 -5406] -0.00582| 0.00112] 0.00471] . -2.4425 18975 0.00862
0.0263] -28649] -14014 -5532} -0.00582| 0.00112{ 0.00471] -2.3794 20255 0.0062
0.0270] -28097] -14318 -45221 -0.00582| 0.00112] 0.00471] -2.2881 20513f 0.0062
0.0278] -26474] -12245 -4936] -0.00582] 0.00112] 0.00471} -2.3012 185671 0.0062
0.0285] -25230] -10376 -4122 -0.00§82 0.00112] 0.00471] -2.1156 18779f 0.0062
0.0293] -29796; -16385 -4335] -0.00582] . 0.00112] 0.00471] -2.2899 22060] 0.0062
0.0300] -30207] -14414]  -4467} -0.00562| 0.00112] 0.00471] -2.1834| 22482 0.0062|
Max. -8849 2179 284111 -0.00031] . 0.00162} 0.00506] 0.3285 36618}  0.0670
Min.] -43385] -24853 -7171] -0.00868] 0.00013] 0.00018] -4.0434 6716 0.0003
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ELEMENT 72307 (eloment located at welding area near outside surface)

APPENDIX B

SNF-5204, Rev. 1
CSB-S-0073

minimum | intermed. | maximum] minimum | intermed. | maximum|
time principal | principal | principal | principal | principal | principal | triaxdality | Mises |equivaleny
(second) | stress stress stress plastic plastic plastic factor stress plastic
{psi) (psi) {psi) strain strain strain {TF) {psi) strain
0.0008] -20419 4886 974] 000000} ©0.00000] 0.00000] -1.2776 18123| 0.0000
0.0015] -26572 -8035 283] 0.00000} 0.00000] 0.00000} -1.4408 238181 ©.0000
0.0023] -37094 -3577 -1147] -0.00108] 0.00013] 0.00085f -1.2018 34796| 0.0012
0.0030] -30850 4588 935] -0.00108] 0.00013| 0.00095) .1.1730] 29415| 0.0012|
0.0038} -27803 -6760 3780 -0.00108| 0.00013| 0.00095] -1.1053 27851]  0.0012
0.0045) -25385 -90684 5432} -0.00108| 0.00013] 0.00095] -1.0868 26704 0.0012
0.0053] -38303| -13248 2912] -0.00125| 0.00023] 000102] -1.3522] 35968{ 0.0013
0.0060] -35264| -10281 -3037] -0.00135] 0.00028| 0.00108] -1.2511 33584| 0.0014
0.0068] -38785| -12745 634) -0.00135] 0.00028] 0.00106] -1.4559 34720| 0.0014
0.0075] -40398) -14052 4241 -0.00143| 0.00032] 0.00111] -1.5071 35847| 0.0015
0.0083] -32723] -13413 503] -0.00143| 0.00032| 0.00111] -1.5780 28901} 0.0015
0.0090]  -224421 -10835 904] -0.00143] 0.00032] 0.00111] -1.6012 20218} 0.0015
0.0098] -19816 9560 798] -0.00143] 0.00032 0.00114] -1.6019 17853] 0.0015
0.0105] -17671 -8000 737] -0.00143} 0.00032| 0.00411} -1.5634 15948| 0.0015
0.0113] -17162 -81086 566] -0.001431 0.00032| 0.00%11] -1.6088 15354 0.0015
0.01201 -17912 -7857 5491 -0.00143] 0.00032] 0.001114 -1.5754 16008 0.0015
0.0128] -20536 -8448 _414] -0.00143] 0.00032] 0.00111] -1.5686 18214] 0.0015
0.0135] -23707 8707 -21251 -0.00143] 0.00032] 0.00111] -1.8028 19159| 0.0015
0.0143] -26063 -5176| - 4304 -0.00143] 0.00032| 0.00111] -1.0009 26910| 0.0015
0.0150] -19025 -1410 12283] -0.00143] 0.00032{ 0.00111] .0.2999] 27184| 00015
0.0158}  -3694 -1459 10768| -0.00143| 0.00032] 0.00111] 0.4164 13484] 0.0015
0.0165 -B71 3024 10703} -0.00143] ©.00032] 0.00111] 1.2870] 10135 0.0015
0.0173 -1881 817 11618} -0.00143] 0.00032| 0.00111] 0.8201 12504 0.0015
0.0180 -5302 -4562| 8694] -0.00143| 0.00032| 0.00111] -0.0858 13641]  0.0015)
0.0188] -18367 -3883| 22937 -0.00153] 0.00035] 0.00118] 0.0189 36298| 0.0016
0.0195] -13869 -7743|  -1457] -0.00155] 0.00035} 0.00120} -2.1461 10749| 0.0016
0.0203] -22390| 2710 14387} -0.00155] 0.000351 000120) -0.1826] 32548 0.0018
0.0210 4778 16048} 41430] -0.00169| 0.00035! 0.00134] 1.9146] 32516; 0.0018
0.0218 16347 18717]  34009| -0.00169] 0.00035] 0.00134] 4.1588 16604  0.0018]
0.0225 6979 16797 36565] -0.00169] 0.00035] 0.00134] 23118 26101] 0.0018
0.0233 3884 15880 34990] -0.00169| 0.00035] 0001341 2.0151 2717 0.0018
0.0240]  -4428| 13432| 32283] -0.00168{ 0.00035] 0.00134] 1.2685 31797] 0.0018
0.0248 -7804] 42392 28695] -0.00168| 0.00035] 0.00134] 1.0510 31668] 0.0018
0.0255 -5459 12484  28998]1--0.00169] 0.00035] 0.00134) 1. 20849| 0.001E
0.0263 128 13935| 29668| -0.00169] 0.00035] 0.00134] 1.7082 25601} 0.0018
| 0.0270 -3835 10715] __ 28162] -0.00160] 0.00035} 0.00134] 1.2620| 27748; 0.0018
00278 -908 12178 28248] -0.00169]| 0.00035] 0.00134] 1.5626} 25292] 00018
0.0285] - 8929 15297 30875] -0.00169| 0.00035] 0.00134] 2.8178 18556| 0.0018
0.0293 156382 18333 33257] -0.00169{ 0.00035| 0.00134] 4.0372 16591 0.0018
0.0300 16211 20580 33409} -0.00169] 0.00035] 0.00134] 4.5340 154831 0.0018
Max] 16347 20580] 41430] 0.00000[ 0.00035| 0.00134] 4.5340| 36298 0.001E
Min | -40398| -14052 -2425] -0.00169| 0.00000] 0.00000] -2.1481 10135} . 0.000C
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CHECK LOWER WELD

The table values are the results at the center of the elements. The strain contour plots

presatdrpolated at the surface. Following calculations are based on the stress and straln plbt at
node 72179. ' S . '

AT TIME = 0.021 SECOND NOTE: maximum maximum principa! stress from table

minimum principal stress 0, i=-20000
intermadiats principal stress o, 15400
~maximum principal stress o, 1=16000
equivalent plastic strain ‘ € ¢q '=0.0175
than the mises stress is
‘ 1
Mises =) { N2, - 32 ( : 2]1
ies '”"J-;_‘ ("1‘ “g) + ("z" ) +\%~ "!) Mises =3.12710'
Triaxlality Factor Is
O+ Cr+ O a
n-*::.(’_’___'-l)_ TF =-0.115

Mises
Total elongation for stainiess steel 304L Is

e,:=0.214

effective failure strain is

N
e f:=i{ﬁ>o,<et-2‘““’),z-e ,]

e r=0428 >

B
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AT TIME = 0.02175 SECOND  NOTE: near maximum triaxial factor

* minimum principal stress o) #=-9500
intermediate princlpal stress G, i=5400
maximum princlpal straés o, 1=22000
equivalent plastic straln L Beqi® 0.02

than the mises stress is

: : 1
.1 "2 Y 2 2
.Mises .-——’\,-.-;'-.-[(l;l Uz) + (f’z" U;Q + ("3" “1) ] Mises =2.72910"

Triaxiality Factor is

G, + T, +C '
TF::K_'_Q TF =0.656

Mises

effactive fallure strain is

ef:=i{ﬁ>0,(¢:t-2""‘?‘),2-e t] : - -

eg=0272 . 6gq

B-10
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‘Minimum Principal Stress on node 72179 at 0.02175 Second
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-Equivalent Plastic Stress on node 72179 at 0.02175 Second
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B.2 CHECK MCO BOTTOM

ELEMENT 70018 (located at MCO bottom maximum strain area)

APPENDIX B

SNF-5204, Rev. 1
CSB-8-0073

minimum | intermed. | maximumn} minimum | intermed. | maximum

time principat | principal | principal { principal | principal | principal triaxiality Mises equivalent

(second}| stress stress stress plastic plastic | plastic factor slress plastic

: (psi) (ps) (psi) strain strain strain (TF) {psl) strain
0.0008] 179210} -124550] -69634] -0.1448| 0.0012{ 0.1438] -3.9348 94898] 0.1665
0.0015] -192760] -128700| -67042| -0.2081[ 0.0018] 0.2073] -3.5775] 108875] 0.2404
0.0023] -208460] -134520| -62126] -0.2861| 0.0014] 0.2847] -3.2248] 124997| 0.3206
0.0030] -211240] -135840| -62855] -0.3142| 0.0016] 0.3128] -3.1898} 128511] 0.3619
0.0038] -183340] -121980] -49669] -0.3308| - C.0018[ 0.3280} -3.0631} 115802] 0.3808
0.0045] .118230] -91761| -26585] -0.3308| 0.0018) 0.3280] -2,8958 81692] 0.3809
0.0053] -97087| -78911] -191768] -0.3308] 0.0018] (©.3280] .2.7647 70587} 0.3808
0.0060] -104790] -85078| -25733] -0.3308| 0.0018) 0.3250] -3.0249 71276] 0.3809
0.0068] -133200] -100830| -3716%}f -0.3308| 0.0018] 0.3280] -3.2044 84632] 0.3808
0.0075] -162260] -115330| -47240] -0.3308 0.0018] 0.3290] -3.2428! 100171] 0.3809
0.0083} -124870| -97508| -33537] -0.3308( 0.0018] 0.3290] -3.15622 81187 0.3808
0.0090] -81260| -73948| -15979] -0.3308] 0.0018] 0.3280] -2.7633 81949] 0.3809
0.0098] -65744| -54569 -7096] -0.3308|. 0.0018] 0.3280] -2.3637 54072] 0.3809
0.0105] -54531] -33510 -85] -0.3308| 0.0018] 0.3200] -1.8531] . 47557 0.3808
0.0113] -49601| -22341 2844 -0.3308] 0.0018] 0.3290} -1.5210 45431 0,3809
0.0120] -57787| -37133 -2865| -0.3308] 0.0018| 0.3280] -2.0412 47956] 0.3809
. 0.0128] -64941] -51582 -8088] -0.3308] 0.0018| 0.3280] -2.4202 51493] 0.3809
0.0135] -154570] -113450 -48452] -0.3308] 0.0018] 0.3290] -3.3269 04523] 0.3809
0.0143] -112710] -96877| -43459} -0.3310] 0.0018; 0.3292] -4.0263 62848 0.3812
0.0150] -62543] -21574 -4666] -0.3310] 0.0018] 0.3292] -1.7224 51547| 0.3812
0.0158] -59030] -11461 gess] -0.3310] 0.0018] 0.3282] -1.0204 60371] 0.3812
0.0165] -49230 -7998 27905] -0.3310]- 0.0018| 0.3282] -0.4386 66854| 0.3812
0.0173]  -41876 -9322 29111)]- -0.3310 0.0018 0.3282] -0.3589 61547 0.3812
0.0180} -50712] -10719 24812 -0.3310 0.0018 0.3202] -0.6595 65444 023812
0.0188] -79223] -38824] -10472] -0.3310] 0.0018] 0.3292] -2.1478 59844 = 0.3812
- 0.0195] -81066] -30487 -7435] -0.33106] o0.0018| 03292} -1.8240 65235 0.3812
0.0203] -78094] -17704 -2898] -0.3310] 0.0018] 0.3292) -1.4305 68995| 0.3812
0.0210] -69833| -19316 -6858] -0.3310] 0.0018;  0.3292] -1.6621 57763 0.3812
0.0218] -64766{ -21103 B8776] -0.3310] 0.0018] 0.3292)] .1.7708 52319 0.3812
0.0225] -64810] -20060 -5768] -0.3310/ 0.0018] 03292y -1.6989 53352] 0.3812
0.0233] -83435| -34240} -12015] -0.3310/ 0.0018] 0.3282] -2.0487 63304| 0.3812
0.0240] -74938] -16608 17591 -0.3310] 0.0018] 0.3282] -1.3926] 6€6998] 0.3812
0.0248] -81402] -33337 -9693] -0.3310} 0.0018] 0.,3292] -1.9660 63201] 0.3812
0.0255] -77050| -30684 -7337] -0.3310{ 0.0018] 0.3292] -1.8723 §1461] 0.3812
0.0263] -74068] -30800 -8495y -0.3310f 0.0018] 0.3292] -1.9631 57747 0.3812
0.0270] -70087f -27218 -7756] -0.3310] 0.0018] 0.3292} -1,9021% 55234] 0.3812
0.0278] -60973] 27192 -6981] -0.3310] 0.0018{ 0.3202] -1.8685 55708] 0.3812
Max.] -41876 -7998 20111[ -0.14480] 0.00178] 0.32020] -0.3589 128511] 0.3812
Min.t -219240| -135840[ -69634} -0.33100]. 0.00120] 0.14360] -4.0263 45431] .0.1665
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. CHECK MCO BOTTOM
Following balcﬁlatloris are based on the stress and siraln plot at node
700189, : 3 :
AT TIME = 0.0052501 ~ NOTE: near maximum triaxial factor
SECOND
minimum principal stress @, i=-107500
intermediate principal stress @, 1=-78910
maximurn principal stress - @ 1=-20300
equivalent plastic strain € ¢q 1203966

than the mises stress Is

T .
2] -

S - NS Ne /
Mises I-T'[ (ﬁl - 62) + \oz- 0'3) +.(°J— Ul)] Mises -7.73'104
LN ‘ . y '
Triaxiality Factor is
= (oy+opres) TF =-2.679
Mises -
Total elongation for stainless steel 304L s
¢,:=0.40
effective fallure strain Is
. hY
egi= i{TF>0,G 2" “),2-e t]
‘ ;=08 > teq OK

- B-16
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Minimum Principal Stress on node 70019 at 0.0052501 Second
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Intermediate Principal Stress on node 70019 at 0.0052501 Second
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APPENDIX C
ABAQUS INPUT FILE
SECTION ONE

MCO DROP ON STANDARD STORAGE TUBE

QOriginator: ‘KC —(—41 M Date: 4{3&{2?
Checked by: M3 Z/HJF’&/ r/’té‘\’?}S‘ Date:_%/27/94
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INPUT FILE N1010.inp

**  file "n10_10.inp"

*HEADING

MCO DROP OKTO TUBE{MCO mhell ul 7 solid el &
basket support)

*INCLUDE, INPUTumcO7,txt

‘lNCLUDE, INPUT=bsk184. txt

*SYSTEM '

*INCLUDE, .INPUTmgstdatd2. txt
*SYSTEM

-1,22.75,

*NOOE ,NSET=RGD
g5001,-17.5,55,0
$5003,-17.5,114.15,0
25005,-13.625,128.91,0
95007, -13.625,140,,0
*NODE , NSET=RGD2

95011, 17.5,85,0
95013,17,5,114.15,0
95015,13.425,128.91,0
95017, 13.625,160.,0
*SYSTEN

rrs
*NODE ,NSET=RGD3
95031,15.25,-34.5,0
$5041,15.25,-3,0
95051,16.00,-2.25,0
95061,23.625,-2.25,0
95071,23.625,6,0
*NCOPY, CHANGE NUMBER-1 OL0 SET=RGD3,SHIFT,NEW
SET=RGDJ Sultiplecs
0,
a
e, O 0,0,1,0,3.44
‘NCOPY CHANGE NUMBER=1,0LD SET=RGO2,SHIFT,NEW
SET=RGD2

001
0,0,0,0,1,0,3.7%

*NCOPY ,CRANGE NUMBER=1,0LD SET=RGD1,SHIFT, NEW

SET=RGO T

!ol

0,0,0;0,1,0,-15.

*node

95020,-12.625,100,,
95099,23.625,-70,0

*element, type=R3D4, elset=rgd!
95001, 95001, 95002, 95004, 95003
95002, 95003, 95004, 95006, 95005
95003, 95005, 93006, 95008, 95007
*element, type=R3D4, elaat=rgd2
95004, 95011, 95012, 95014, 95013
95005, 95013, 95014, 95014, 95015
95006, 5015, 95014, $5018, 95017
*glement, typasR3IDs , elsetargds
95007, 95031, 95032, 95042, 95061
*eigen,etsetergdd
95007,4,10,1,5,1,4

(3

*ELSET, ELSET=SSTA
FLANG, TUBES, TUBEP
"ELSET, ELSET=TTY
NCO, EBSK, SSTA

i

*SOLID SECTION, ELSETwFLAKG, MATERIALwSAZS
*SOLID SECTION, ELSETwTUBES, MATERTAL=SA3S
*SHELL SECTION, ELSETwTUBEP, MATERTALSSA3S
0.5

*rigid body, elsetzrgdl, ref node=95020

.31

*rigld body, elsetmrgd?,ref node=$5020
0.001

*rigid body, elserwrgdy, ref nodes95099
0.009

*MATERIAL ,HAME=SS304
*DENSITY

.000735

*ELASTIC

28.E+06, .27

WPLASTIC

34161,0

333%0,0.02
40405,0.05
41771,0.08
45349,0.18
$1002,0.37
127236,0. 466
*MATERIAL ,NAME=3A34
*DENSITY

.0007339

“ELASTIC

29.5£6,0.30

*PLASTIC

35088,0

38590,0.0197
60421,0.0904
75291,0.1488

e

*BOUNDARY

95020, encastre

95099, encastre

*INITIAL CONDITIONS, TYPEx=VELOCITY
MCQ, 2, -264

BSK, 2, -264

*RESTART, WRITE, NUMBER INTERVAL=40
*STEP

*DYNAMIC, EXPLICIT

,J.E-2

"W

*SURFACE DEFINITION, NAME=FTOF
FLGO, S4

FLGE,S1

TUBD, 54

*SURFACE DEFINITION, NAME=DECK
rgd3, SNEG

*CONYACT PAIR, INTERACTION=FO
FTOF ,DECK

*SURFACE INTERACTION, NAME=FD
*FERICTION

0.3

L 2 )

'SURFACE DEFIHITIOH NAME=FTIF
FLGI,S6

TUBI, $6

*SURFACE DEFINITION, NAME=MCOBF
MCOBF, S4

MCoes, s1

*CONTACT PAIR, INTERACTION=FM
MCOBF,FTIF .

*SURFAGCE INTERACTION, RAMEaFM
"FRICTION

0.3

el

*SURFACE DEFINITION, NAME=rgdif
rgd!, SPOS

*SURFACE DEPINITION, NAME=MCOTL
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INPUT FILE N1010.inp

MCaTL, SPOS T6205,76240,1

*COKTACT PAIR, INTERACTIONwFMTL 77205,77240,1

rgdif NcoTL 78205,78240,1

®SURFACE INTERACTION, -NAMESFMTL 79205,79240,1

*FRICTION 80205,80240,1

0.3 81205,81240,1

ekl a22p5,82240,1

*SURFACE DEFINITION, NAMEsrgd2f 83205,83240,1

rgd2, SNEG ‘ ‘ R 84205,84240,1

*SURFACE DEFIKITION, NAME=MCOTR 85205,85240,1

MCOTR, SPOS 84205,85240,1

*CONTACT PAIR, INTERACTION=FMTR 87205 ,87240,1

rgd2t, MCOTR 85205,88240,1

*SURFACE INTERACTION, NAME=FMTR 89205 ,89240,1

*FRICTION 90205 ,90240,1

0.3 91205,91240,1

e 92205,92240, 1

*SURFACE DEFINITION, NAMEsbskbi 93205,93240,1

bskb1,81 *SURFACE DEFINITION, NAME=mcopi
bskct,sl mcap{ ,sneg

bskb1l,84 ] *CONTACT PAIR, IKTERACTIOK=bt
*SURFACE DEFINITION, NAMEsbskb?2 BSKB1,mcosi

bskb2,51 ’ “SURFACE INTERACTION, NAME=zbhi
bske2, sl *FRICTION

bskb2, S6 0.3

*SURFACE DEFINITION, NAME=bskb3} *CONTACT PAIR, INTERACTION=h2
bakb3,$1 BSKB2, mcopi

bske3, 81 *SURFALCE INTERACTIOH, NAMEsh2
bakb3, 54 *FRICTION

*SURFACE DEFINITION, WAME=bskbé 6.3

bskb4é,§1 *CONTACT PAIR, INTERACTION=DLY
bsked, s 85KB3, mcopi .-
bakbé,$4 “SURFACE INTERACTION, NAMEsHY
*SURFACE DEFINITIOK, NAME=bgkb5 *FRICTICN .
bskb5,51 0.3

bskeS, 81 *CONTACT PAIR, INTERACTIONab4
bskb5,54 BSKB4, mcopl

*SURFACE DEFINITION, NAME=hskbé *SURFAGCE INTERACTION, NAMEsbd
bakbé, 51 ) *FRICTION

bskeé,s1 0.3

bakbé,sé *CONTACT PAIR, INTERACTION=DS
*CONTACT NODE SET, NAME=hspb 85KB5, mcopi .

bspb *SURFACE INTERACTION, NAME=bS
*SURFACE DEFINITION, NAME®mcosi *FRICTION

meobt, S 0.3

mcosi,sé . *CONTACT PAIR, INKTERACTION=DhS
*CONTACT PAIR, INTERACTION=BSmco BSKBS, mcopl

bspb,meos i *SURFACE INTERACTION, NAME=bé
*SURFACE INTERACTION, NAMExBSmco *ERICTION

*FRICTION ' : 0.3

o _3 . . -n

*CONTACT NODE SET, NAMExbspt *NSET,NSET=ROUT

bspt 70019,70000,70179,82019,94019,82133,94133
*CONTACT PAIR, INTERACTION=BSXO1 31231,32231,33231,34231,35231,36231,94577
bspt ,BSKB1 *NSET,GENERATE ,NSET=TOUT
*SURFACE INTERACTION, WAME=BSKO1 250,380,40

*FRICTJON 100,220,560

0.3 . 24100,24220,60

*SURFACE DEFINITION, MAME=mcot 400,850,50

ncot, 1 ' 24600, 24850, 50
*elset,elset=mcopi,generate 70300,94300,1000
70205,70240,1 70301,94301,1000
71205,71240,1 70302,94302, 1000
72205,72240,1 70303,94303,1000
73205,73240,1 70304,94304,1000

T4205,74240 .1 70303,94305, 1000

75205 ,75240,1 70306,94306,1000
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70307,94307, 1000

70308,94308, 1000

70309,94309, 1000
*QUTPUT,HISTORY, TIME INTERVAL=1.E-4
*NOODE OUTPUT, NSETSNOUT

U,V,A-

*NODE OQUTPUT, NSET=TOUY

U ‘

‘*NODE QUTPUT, NSET=PFLR

RF

*nget,nset=rgdn
95020,95099

*NODE OUTPUT, NSET=rgdn
RF

WELSET,ELSETWEOUT
70301,70304,70307,70019
*ELEMENT QUTPUT ELSET=EQUT
s,5P,PE,MISES ,PEEQ
*ENERGY output

ALLKE

*elset, elsetaat

flang, tubes, tubep

*snergy output,elset=st
sllie,allpd

*output, field, number fntervals40
*element output
§,5P,MISES,PE,PEEQ,E,EP
*node output

u,v,rtf

*MONITOR, NODE=70019, DOF=2
"END STEP

** end of file

APPENDIX C SECTION ONE

INPUT FILE N1010.inp

c5
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APPENDIXC SECTION ONE
INPUT FILE Mco.bxt

o MMCOT.TXTY

*+ T elements through thickness

*» with bagket support plates off symm plane
** MCO model drop on lower right corner
*SYSTEM

4,834, 2.78, 0,
4.426,12.7716, 0
w*~ ¥CO bottom ring
*NQDE
70012,10.3,0,0
70132,11.0125,2.01,0
*NGEN,NSET=N3
70042,70132,20

*NODE ,NSETaN3
701592,11.346,2.1564,0
70172,1%.50,2.51,0
*NODE
7001%,11,423,0,0
70079,11.93076,1.13,0
*NGEN,NSETaN&
70019,70079,20

*NODE
70099,12,1.423333,0
70139,12,2.01,0
70179,12,2.51,0

*NGEM ,NSET=NL
70099,70139,20
70139,7017%,20

*NFILL NSETaN34
N3,N4,7,1

*NODE ,NSET=N34

70019, 11.394,0.0502,0
w» ghell (solld)
*NODE
70200,11.5,2.8,0
70900,12.0,2.8,0
70260,11.5 22.5,0
70940,12,0,22.5,0
*ngen NSET=ssb
70200,70900,100
*ngen,NSET=sst
70240,70940,100
*nfill ,nset=n3dé
ssb,sst, 40,1

** KLO top ring
*ROOE,naet=st
70574,11.75,148,0
*NODE,NSET=N34
70577,11.75,140,0
*node, nset=sbh
70541,11.75,22.5,0
*NFILL,NSET=N34,BIAS=,71
sb,st, 35,1

14,8255,3.19, 0

.*NCDPY CHANGE NUMBER=1000,0LD SET'HBG SHIFT,HEW

SET=MCO

lof

4,834,2.78,0,6.4624,12.7716,0,3.75
*NCOPY,CHANGE NUMBER=2000,0LD SET=N34,SHIFT, NEW
SETBHCO

4 534 2.78,0,4.426,12.7716,0,7.5
*NCOPY, CHANGE NUHBERI3000 OLD SETaN34,SHIFT, NEW
SET=HCO

0, .
4.836,2.78,0,4.424,12.7716,0,11.25

SNF-5204, Rev. 1
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*NCOPY,CHARGE NUMBER=4000,0L0 SET=N34,SHIFT,NEW
SET=NCO

.0, -
6 536 2.78,0,4.424, 2. 7716,0,15.
*NCOPY, CHANGE NUNBER=5000, OLD SET=N34,SHIFT,NEW
SETIHCO

LK : :
4.834,2.78,0,4.424,12.7716,0,18.75
*NCOPY,CHAKGE NUMBER=&000,0LD SETaN34,SHIFT,NEW
SET=MCO

0,
4,834,2.78,0,54.424,12.7116,0,22.5
*HCOPY,CHANGE NUMBER=7000,0LD SET=N34,SHIFT,NEW
SET=NCO
.Io.l
4.834,2.78,0,6.424,12.7716,0,26.25
*HCOPY,CHANGE NUMBER=8000,0LD SET=N34,SHIFT,NEW
SET=NCO
.9,
4.834,2.78,0,6.424,12.7716,0,30.
*NCOPY, CHANGE KUMBER=9000,0LD SET=N34,SHIFT,NEW
SET=NCO
0,
4.834,2.78,0,4.424,12.7715,0,36,
*NCOPY,CHANGE NUMBER=10000,0LD SET=N34,SHIFT,NEW
SET=NCO
,0,
4.83¢,2.78,0,‘.424.12.7716,0,62.
*NCOPY, CHANGE NUMBER=11000,0LD SET=N34,SHIFT,NEW
SET=NCO
.0,
4.834,2.78,0,4.424,12.7716,0,48,
*NCOPY , CHANCGE NUMBER=12000,0LD SET=N34, sulrr NEW
SET=NCO

lol

4.B34,2.78,0,4.424,12.7716,0,54.

*HCOPY, CHANGE NUMBER=13000,0LD SET=N34,SHIFT,NEW
SET2MCO

lof

4.834,2.78,0,4.424,12.7716,0,60.

*NCOPY,CHANGE NUMBER=14000,0LD SET=N34,SHIFT,NEW
SET=MCO

lol

4£.834,2.78,0,4.424,12.7716,0,67.5

*NCOPY, CHANGE NUMBER=15000,0LD SET=N34,SHIFT,NEM
SET=MCO

Jo'

4.834,2.78,0,4.424,12.7716,0,75.

*HCOPY,CHANGE NUMBER#14000,0LD SET=N34,SHIFT NEW
SET=MCO

lol

4.834,2,78,0,4.424,12.7716,0,82.5

*NCOPY,CHANGE NUMBER=17000,0LD SET=N34 , SHIFT NEW
SETSHCO

.0,

4.834,2.78,0,6.626,12.7716,0,90.

*NCOPY,CHANGE KUMBER=18000,0L0 SET=N34,SKIFT,KEW
SETIHCO

4 834,2.78,0,4.426,12.7716,0,100.

*NCOPY , CHANGE NUMBER=19000,0L0 SET=N34,SHIFT, NEW
SETEMCO

0

4.834,2.76,0,4.424,12.7716,0,110.

*NCOPY, CHANGE NUMBER=200D0,0LD SET»N34,SHIFT NEW
SETaNCO ’
101
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INPUT FILE McoT.ixt CSB-§-0073
4.834,2.78,0,4.424,12,7716,0,120. 70303, 24, 1000, 1000 -
*NCOPY ,CHANGE NUMBER=21000,Q0LD SET=N3I4,SHIFT, NEW 704304 ,24,1000,1000 -

SET=NCO 70308, 24,1000, 1000 -
9, 70306, 24,1000, 1000

4.834,2.78,0,4.426,12.7T716,0,135,

. 70307,24,1000, 1000
‘NCOPY CHANGE NUHBER’22000 OLD SET=N34,SHIFT, NEH

70308,7, 100 1 40,1,? 24, TOOO 1000

70133,7,1,%,2,20,20,24, 1000, 1000

_SET!HCO *mpe
0, beam, 70541, 70240
4. 834 2.78,0,4.424,12.7716,0,150, beam, 71541, 71240
*NCDPY CHANEE NUHBES-ESODO DLD SETaN34,SHIFT NEM besm, 72541, 72240
SET=MCO beam, 73541, 73240
0, beam,74541,74240
4.8%4,2.78,0,4.424,12.7716,0,165. beam, 75541,75240
*NCOPY ,CHANGE NUMBER®24000,0L0 SET=N34,SHIFT,NEMW beam, 76541,76240
SETsMCO heam,77541,77240
.0, beam, 78541, 78240
4.8%4,2.78,0,4,424,12.7716,0,180 beam, 79541, 79240
*NODE beam,80541,80240
© 70000,%.25,0,0 beam,81541,812L0
70060,1.25,1.13,0 beam,82541,82240
*NGEN, HSET=N? beam,83541,83240
70000,70060,20 beam,845641,84240
*HODE besm,85541,85240
70120,2.13,2.01,0 beam,86541,85240
*NGEN,NSET=N1 beam,87541,87240
70080,70120,20 beam,88541,88240
*NCOPY,CHANGE NUMBER=1000,0LD SET=N1,SHIFT, NEW beam, 89541 ,89240
SET=N1,MULTIPLE=24 beam,90541,90240
.0, beam,91541,91240
4.834,2.78,0,6.426,12.7716,0,7.5 beam, 92541, 92240
*NSET, NSET-NZ GENERATE beam, §3541,93240
70012,94012, 1000 beam,$45461,94240
70032,94032,1000 beam, 70541,70240
7005294052, 1000 beam, 71541,71340
70072,94072,1000 beam, 72541,72340
70092,94092,1000 beam, 73541 ,73340
70112,94112,1000 beam, 74541,74340
70132,94132,1000 beam, 75541, 75540
*NFILL,NSET=K12, BIA581 01 beam, 76541,76340
N1,N2,12,1 beam,77541,77340
'ELEHENT TYPE=C3ID8R ,ELSET=MCOB beam, 78541, 78340
70001, 70000,70001, 71001, 71000, 70020, 70021,71021,7 beam, 79541, 79340
1020 : beam, 80541, 80340
*ELGEN,ELSET=NCOB . beam,B81541,81340
70001, 99,1,1,6,20,20,24, 1000, 1000 beam, 82541, 82340
70113,2,20,20 beam, 83541 ,83340

beam, 84541 ,84340

YELEMENT, TYPERCIDAR, ELSET=MCOPS beam,85541,85340
70301, 70172, 70173, 71173, 74172, 70200, 70300, 71300, 7 beam, 86541, 86340
1200 beam,87541,87340
70302,70173,70174,71174, 71173, 70300,70400,71400,7 beam, B854 1,88340
1300 . beam,89541,89340
70303,70174,70175,71175, 71174, 70400, 70500, 71500, 7 beam, 90541, 0340
1400 beam,$1541,91340
70304,70175,70176, 71176, 71175,70500, 70600, 714600, 7 - beam,92541,92340
1500 , beam, 93561,93340
70305,70176,70177,71177, 71176, 70600, 70700, 74700, 7 beam, $4541,94340
1500 beam, 70541, 70440
70306,70177,70178,71178,71177,70700,70800,71800,7 beam, 71541,71440
1700 . beam,72541,72440
70307,70178,70179, 71179, 71178, 70800, 70900, 71900, 7 beam, 73541, 73440
1800 beam, 74541, 74440
70308, 70200, 70300, 71308, 71200, 70201 70301,71301,7 beam, 75541, 75440
1201 besm, 76541, 76440
© EtGEN,ELSET=MCOPS beam, 77541, 77440
70301,24, 1000, 1000 beam, 78541, 78440
70302, 24,1000, 1000 beam, 79541, 79440




beam, 80541 ,80440
beam,B1541,81440
beam, 82541 ,82440
beam,83541,83440
beam, 84541,84440

beam,B5541,85440

beam, 856551 ,858440
beam,B87541,87440
beam,88541,88440
beam, 89541, 89440
beam,90541,90440
beam, $1541,91440
beam, 92541, 924640
beam,93541,93440
baam, 94561,94440
beam,70541,70540
beam,71541,71540
besm,72541,72540
beam,73541,73540
beam, 74541, 74540
beam, 75541, 75540
beam, 76541, 76540
beam, 77541,77540
beam, 78541, 78540
beam, 79541,79540
beam,B0541,80540
beam, 81541,81540
beam,82541,82540
beam,83541,83540
beam, B4541,84540
beam,85541,85540
beam, 84541,86540
beam, 87541,87540
beam, B8541,88540
beam, B95417,89540
beam, 90541,90540
beam,$1541,91540
besm, $2541,92540
beam,93541,93540
beam, 94561,94540
beam, 70541,70840
beam, 71541, 71640
beam, 72541, 72640
beam, 73541, 73640
beam, 74541, 74640
beam,75541,75640
beam, 76541, 746440
beam, 77541, 77640
beam, 78541, 78640
beam, 79541, 79440
beam,80541,80640
beam,81541,815640
beam,82541,825840
beam,B83541,835640
beam, 84541, 84640
beam,85541,85640
beam, 86541, 86640
beam,B7541,87640
beam, 88541,88440
beam,89541,89640
beam,90541,90640
beam,91541,91640
beam, 92541,92640

beam,93541,93540

beam, 94541, 94840
beam, 70541, 70740
beam, 71541, 71740

APPENDIXC SECTION ONE
INPUT FILE Mco7.txt

beam,72541,72740
besm, 73541, 73740
beam, 76541, 74740
beam, 75541, 75740
bezm, 76541, 76740
beam,77541,77740
beam, 78541, 78740
beam, 79541,79740
beam, 80541, 80740
beam,81541,81740
beam, 82541 ,82740
beam,83541,83740
beam, 84541, 84740
beam,85541,85740
beam,86541,85740
beam,87541,87740
beam, B8541,88740

beam, 89541,89740

beam, 90541,90740
besm,91541,91740
beam, 92541,92740
beam, 93541,93740
beam, 94541,94740
beam, 70541, 70840
beam, 71541,71840
beam, 72541,72840
beem, 73541,73840
beam, 74541, 74840

beam, 75541, 7S840

beam, 76541, 74840
beam, 77541, 77840
beam, 78541, 78840

beam, 79541, 79840

beam,80541,80840
beam,81541,81840
beam, 82541,82840
beam,83541,83840
beam, 84541, B4R4O
beam,85541,85840
beam,86541,86840
beam,87541,87840
beam, 88541, BABAO
beam, 89541,89840
beam,90541,%0840
beam,91541,91840

‘beam,92541,92840

beam,93541,93840
beam, 94541, 94840
beam, T0541,70940
beam,71541,71940
beam,72541,72940
beam, 73541, 73940
benm, 74541,74940
beam,75541,75960
beam, 76541, 76940
beam,77541,77940
beam, 78541, 78940
Seam, TP541, 79940
beam, 80541,80940
beam,81541,81940

beam,82541,82940

besm,8354%,83940
beam, 84541,8494D
beam,85541,85940
beam,84541,86940
beam, 87541 ,87540
beam, 868541,88940

SNF-5204, Rey 1
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APPENDIX C SECTION ONE
INPUT FILE Mco7.txt

bean,89541,89940
beam,90541,90940
beaam,91541,91940
beam,92541,92940
beam,$3541,93940

beam, 94541,94940
*ELEMENT, TYPE=S4RS, ELSET=MCOPL -
70205,70540,71540,71541, 70541
*ELGEN,ELSETwMCOPL .
T0205,35,1,1,24,1000, 3000
** MCO bottom center
*NODE

40000,-1.08,0,C

66000, -.7437,0,-.7637
*NGEN,NSET=L1

60000, 45000, 1000

- "NQDE

60012,1.08,0,0

66012, .7637,0,-.7637
*NGEN,NSET=L2
60012,66012,1000

*NODE

60005,0,0,0
44006,0,0,-1.08

*NGEN ,NSET=L3

60006 ,65006,1000
*NEILL,NSET=L12

L1,13,6,1

L3,L2,6,1

*NCOPY,CHANGE NUMBER=460,0LD SET=L12,SHIFT,NEW
SET=L13

-0.0262,0.8796,0

*NEILL,NSET=L14

L12,013,3,20

*ELEMENT, TYPEaCEDBR , ELSET=MCCB

60101, 60000 460001, 61001 $1000,60020,60021,61021,6
1020

*ELGEN,ELSET=MCOB

60101, 12 1,1,6,1000,12,3,20,72

‘ELEMENT TYPE-C3D!R ELSE?-EB!

60001, 600!2 70000, 71000 61012 60032,79020,71020,6
1032

*ELGEN,ELSET=EB2

60001,6,1000,1,3,20,6

*ELEMENT, TYPE=C3DBR ,ELSET=ER3

£001¢,45012,76000, 77000, 86011, 66032,75020,77020,6 -

233;0,66011,77000,78000,66010,6&G31,77020,78020,6
:gggl $6010,78000, 79000, 6600966030, 78020 79020,6
23322 65009 79000, 30000 65008,464029,79020,80020,6
gggg} £6008, 80000, 81000, 66007, £4028,80020,81020,6
EEEE# 656007,81000,82000, 65006, 66027 81020,82020,6

60025, 66006, 82000, 83000, 66005, 66026 ,82020,83020,6

4025

60026, 66005, 83000, 84000, 66004, 66025 ,83020,84020, 6
6024

60027, 66004 ,84000 85000,66003 66024 ,84020,85020,6
6023 -

60028, 66003 ,85000, 84000, 66002, 65023 ,85020,84020,6
&022

SNF-5204, Rev. 1
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23259,66002,86000,57000,66001,66022,66020,87020,6

23230,66001,8?000,88000,66000,6&021.8?020;&5020,6

600:1 65000, 83000, 89000, 65000, 64020, 88020, 89020,6
502

£0032, 65000, 89000, 90000, 45000, 65020, 59920 90020,4

4020

gogg! 64000,90000,91000,63000,66020,90020,91020,6
lu]

gggg& ,63000,91000,92000,52000, 43020, 91020, 92020, 6

GDgJS ,62008,92000, 93000 41000,62020,92020,93020,6

1020

50236,61000,93000,94000.60000,61020.93020,9&020,6

00

*ELCOPY,ELEMENT SHIFT=18,0L0 SETsEB3,SHIFT

NODES=20, NEW SET=EB4

*ELCOPY ,ELEMENT SHIFT=18,0LD SET=EBS,SHIFT

NODES=20, NEU SET=EBS

*"ELSEY,ELSET=MCOB

EB2,EB3,EB4L,ERS

** MCO top center

*NODE

50000,-8.,148,90

56000,-1.,148,-8.5

*HGEN,NSETaT1

50000,556000, 1000

*NCDE

50012,10.8,148,0

56012, 9.1,148,-3.77

*NGEN ,NSET=T2

50012,54012,1000

*NODE

50006,5.8,148,0

56006,5.8,148,-7.97

*NGEM ,NSETaY3

50006,56006, 1000

*NFILL, HSET=T 12

11,73,6,1

13,712,6,1

*NCOPV ,CHANGE NUMBER=20,0LD SETaT12,SHIFT,NEW

SET¢T13

-0.4920,11.,9899,0

*ELEMENT,TYPE<C3DBR,ELSET=sMCQT
60501,50000,50001,51001,5%1000,50020,50021,51021,5
1020

*ELGEN, ELSET=MCOY

60601,12,1,1,4,1000,12

“ELEMENT , TYPESC308R, ELSET2EB11

50001, 50012, 70576, 71576, 51012, 50032, 70577, 71577, 5
1032 '
*ELGEN,ELSET=EB1}

50001,6,1000, 1

*ELEMENT, TYPE=C308R, ELSET=EB]2

50007, 56012, 76576, 77576, 56011, 56032,76577,77577,5
6031
50008,56011,77576,78576,56010,56031, 77577, 78577,5
6030
50009,56010,78576,79576,56009,56030, 78577, 79577, 5
6029

50010, 56009, 79576,80576, 56008, 54029,79577,80577,5
4028

50011,56008, 80576, 81576, 56007, 56028 ,80577,81577,5
4027
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INPUT FILE Mco7.txt

50012,56007,815756,82576,56006,56027,81577,82577,5
60264
50013,54006,82574,8357¢,56005,56026,82577,83577,5
5025
S0014,5600%,83576,84576,56004,56025,83577,84577,5
5024

50015,56004 84576, 05576 56003,56024,84577 85577, 5

:g:{ﬂ 56003, 85576, 86576 ,56002, 56023, B5577,84577,5
gggf? 56002, 86576,87576,56001,56022,84577,87577,5
gggla 56001, B7576,88575,56000,56021,87577,84577,5
ggg?o 56000,58575,59576,55000,56020,8&577,39577,5
ggggu,ssooo.69576,90575,54000,55020,59577,905?7,5
§§§§1,55000,9057&,91575,53000,54020,90577,915?7,5

50022, 53000,91576,92576, 52000, 53020,91577,92577,5

2020

50023 ,52000,92576,93576,51000,52020,92577,93577,5
1020 _
50024 ,51000,93576,94576, 50000,51020,93577,94577,5
0020 ‘
*ELSET , ELSET=NCAT

EE11,EB12

L 2 ]

*ELSEY,ELSET=MCO88,GENERATE
70019,82019,1000
70018,82018, 1000
70017,82017,1000
T00%6,82014,1000
70015,82015,1000

70G14 ,82014,1000

*ELSEY ,ELSET=MCOBF ,GENERATE
70019,82019,1000
70039,82039,1000
70059,82059,1000
70079,82079,1000
70099,82099,1000
70119,82119,1000
70139,82139,1000
*ELSEY,ELSET=NCOTR

70239

*ELSET,ELSET=MCOTL

93239

*ELSET,ELSETaMCOSF, GENERATE
70202,70215,1

71202,71215,1

v2202,72215,1

T3202,73215 1

T4202,74215,1

75202,75215,1

75202,76215,)

77202,77215,1

78202,78215,1

79202,79215,1

** add basket support plates
“*nede

40140,1.25,2.01,0
40200,19.25,3.25,0
40154,11.01,2.01,0
40214,11.01,3,25,0
*ngen,nset=bspi
40140,40200,20

c-10

*ngen, nsetxbsp?

40154,40214,20

‘NCOPY CHANGE NUMBER=1000,0LD SET=bspl,SHT¥T,NEW
sET-b.pB

lol

*NCODPY , CHANGE NUHEER¢2000 oLe SET=bspl SHIFT,NEW
SET-b|p3

é. 334 2.78,0,4.424,92.7716,0,30
*NCOPY CHANGE NunaER-SOOO OLD SET=bspl, SHIFT,NEW
SET-bspS

4.856,2.78,0,4.624,12.7?16,0,60

*KCOPY,CHANGE NUMBER=4000,0LD SET=bapl,SHIFT,NEW
SETsbap3

.0,

4.8346,2.78,0,54.4624,12.7716,0,80

*NCOPY,CHANGE NUMBER=5000,0LD SET=bspi1,SHIFT,NEW
SETw»bsp3

lol

4.834,2.78,0,4.424,12.7716,0,90

"KCOPY,CHANGE NUMBER=5000,0LD SET=bsp1,SHIFT NEW
SET=bsp3

.0,

4.834,2.78,0,4.424,12.7716,0,120

*NCaPY, CHAHGE ﬁunaen-?nco.cLo SETubspt , SHIFT , NEW
SETabspd

,0,
4.836,2.78,0,4.424,12.7716,0, 120

*NCOPY, CHANGE NUMBER=800D,0LD SET=bspl,SHIFT, NEW
SET=bsp3

Jul' . 7 .
4.834,2.78,0,6.424,12.7716,0,150

*NCOPY,CHANGE NUMBER=9000,0LD SE¥sbspl, SHIFT NEW
SETabsp3

lol

4.B34,2.78,0,4.424,12.7716,0,180

*NCOPY,CHANGE NUMBER=1000,0LD SET=bsp2,SHIFT, NKEW
SET=hsph

.9,

4.8364,2.78,0,4.424,12.7716,0,26. 7458

*NCOPY, CHANGE NUMBER=2000,0LD SET=bsp2, SHIFT, NEW
$ET=bsps

.0,
4.834,2.78,0,4.424,12.7716,0,30

*NCOPY,CHANGE NUMBER=3000,0LD SET=bsp2,SHIFT,NEW
SET=bgpé

Iol

4.834,2.78,0,4.424,12.7716,0,33.2542
*NCOPY,CHANGE NUMBER=4000,0LD SET=bsp2, SHLFT,NEW
SET=bspd

Jof

6.834,2.78,0,4.424,12.7716,0,86.7458
*NCOPY,CHANGE NUNBER=5000,0LD SET=bsp2,SHIFT,NEW
SET=sbspé

lol

4L.834,2.78,0,4.424,12.7716,0,%0

*NCOPY,CHANGE NUMBER=5000,0LD SET=bsp2,SHIFT NEW
SET=baph

0

4.834,2.78,0,4.424,12.7716,0,93.2542

“NCOPY ,CHANGE NUHBER’?OO0,0LB SET=bsp2, SHIFT,NEW
SET=bspé

lof

4.834,2.78,0,64.424,12.7716,0,146. 7458
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INPUT FILE McoT.txt .
*NCOPY,CHANGE NUMBER=8000,0LD SETabsp2, SHIFT,NEW 70102,93102,1000 |
SET-blp4 _ 70103,93103,1000
,0, : 70104,93104,1000 ‘ -
G 836 2.78,0,4.424,12.7716,0,1%0 70105,93105, 1000
'NCOPV BHANGE NUHBERI9000 DLD SET'blpZ SHIFT, HEH 70106,93106, 1000
SET=bspé : 70107,93107, 1000
.0, : 70108,93108, 1000
4 834 2.78,0,4. 62& 12 7716 O 153 2542 . 70109,93109, 1000
*nget nsut-hsp3 . : 70110,93110,1000
bap1 70111,93111, 1000
*nset,nsetsbspd . 70112,93112,1000
bsp2 *elset, elsetemzosi,generate
*afitl,nsetemco 70133,93133,1000
bsp3,bsph, 14,1 70153,93153, 1000
*ELEMENY,TYPE~C3D8R,ELSET=bsp 70301,93301, 1000
97001,41140,41141,42141,42140,49160,41161,42161,4 - 70308,93308, 1000
2160 70315,93315,1000
97101,42140,42143,43141,431450,42160,42181,43161,4 70322,93322,1000
3180 70329,93329, 1000
*ELGEN,ELSET=hsp 70335,93335, 1000
$7001,14,1,1,3,20,14,3,3000,200 *NSET,NSETuMCOSY , GENERATE
97101,14,1,1,3,20,14,3,3000,200 . 70000, 70999, 1
*mpc - 94000, 94999, 1
Link,43140,44140 50000,50999,1
link,43140,441460 40000,60999,1
link,43180,44180 . 79140, 79200,20
tink,43200,44200 ’ . “BOUNDARY
Link,46140,47140 MCOSY, ZSYMM
Link,46140,47150 . ** end of file
link,46180,47180
Link,44200,47200
“ELSET, ELSET=MCOSL
MCOT, MCOB8

*SOLID SECTION, ELSETsMCOSL, MATERIAL=$S304
*SOLID SECTICH, ELSET=MCOPS, MATERIAL=85304
*SHELL SECTION, ELSET=MCOPL, MAIERIAL-55304
0.5

*SOLID SECTION, ELSET=bsp, MATERIAL=55304
*mset,nsetsbsph, generate

40140,40154,1

41140,61154,1

42140,42154 1

43140,43154 1

44140,44154,1

£5140,45%5154,1 -

46140,461564 1

47140 ,47154 1

48140,48154,1

49140,49154 1

*nset,nsetsbspt, generate

40200,40214 1

41200,61214,1

42200,42214,1

43200,43214,1

44200, 46214 ,1

£5200,45214 1

46200,46214,1

47200,47214,1

48200,48214 1

45200,49214 1

*NSET ,NSETaMCO

N34,58,8T,N12,L14,T712,T13 : -
bspt,bspb

*ELSET, ELSET=MCO

MCOPL, NCOSL, mcops, bsp
velset,alset=mcobt,genarste
70101,93101,1600
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INPUT FILE Bsk1ad.txt

**  marklad.txt
*SYSTEM

4.7003, 6.0373, O,
4.4240,12.7716, ©
*node, ngetanbsk0
31000,11.3125,0,0

14.6919,6.4473, ©

‘*NCDPT CHANGE NUHBERU1 OLD SET=nbsk0,SHIFT, NEW

SET-nbsk1

4.7003.6.0373,0,4.424u,{2.7716,0,3.75
*NCOPY,CHANGE NUMBER=2,0LD S$ETenbsk0,SHIFT,NEW
SET=nbsk1

0

¢.7003,6.0373,0,4.4240,12,7716,0,7.5

*NCOPY ,CHANGE NUMBER=3,0LD SET=nbsk0 SHIFT NEW
SET=nbsk1

0

4.7003,6.0573,0,4.4240,12.7716,0,11.25

*NCOPY ,CHANGE NUMBER=4,0LD SET=nbak0,SHIFT NEW
SET=nbak1

u’

4.7003,6.0373,0,4.4240,12.7716,0,15.

*NCOPY  CHANGE NUMSER=S,0L0 SET=nbsk0,SKIFT,NEW
SETunbski

lol

4.7003,6.0373,0,4.4240,12.7716,0,18.75
*NCOPY,CHANGE NUMBER=&,0LD SET=nbskD,SHIFT,NEW
SET=nbsk1

JDI'

4.7003,6.0373,0,4.4240,12.7716,0,22.5

*NCOPY, CHANGE NUMBER=7,0LD SET=nbskO,SHIFT,NEW
SET=nbsk1

.0

4.7003,6.0373,0,4.4240,12.7714,0,26.25
#NCOPY . CHANGE NUMBER=B8,0LD SET=nbsk0,SHIFT,NEW
SET=nbsk1

.0,

4.7003,4.0373,0,4.4240,12.7716,0,30.

*NCOPY, CHANGE NUMBER=9,0LD SET=nbsk(,SHIFT, NEW
SET=nbsk1

ool

4.7003,6.0373,0,4.4240,12.7715,0,36.
*NCOPY,CHANGE NUMBER=10,0L0 SET=nbskO,SHIFT, NEW
SETenbskl

.0 -

4. }003 6.0373,0,4.4240,12.7716,0,42

*NCOPY CHANGE NUHBER 11 OLD SET‘nbskO SHIFT , NEW
SET=nbsk1

L0,

4.7003,6.0373,0,6.4240,12.7716,0,48.

*NCOPY ,CHANGE NUMBER=12,0LD SET=nbsk0,SHIFT,NEW
SETanbsk1

g, - '
4.7003,6.0373,0,4.4240,12.7716,0,54.

ANCOPY | CHANGE NUMBER=13,0LD SET=ribskd,SHIET,NEW
sET-nbsk1

$07003,6.0373,0,4.4240,12.7716,0,60

'NCOPY CHANGE NUHBER=15 oL SET-nbskn SKIFT,NEW
SET=nbsk1

,0,
i.7003,6.0373,0,4.4240,12.7716,0,67.5
“NCOPY,CHANGE NUMBER=13,0L0 SET=nbsk0,SHIFT , NEW
SET=nbsk1

0

4.7003,6.0373,0,4.4240,12.7716,0,75.
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*NCOPY,CHANGE NUMBER=15,0LD SETw=nbskO,SHIFT,NEW
SET=nbsk1

.0, -
4.7003,6,0373,0,4.4240,12,.77156,0,82.5

*NCOPY, CHANGE NUH!ER-1? OLD SET=nbsk0,SHIFT, NEW
SET=nbsk1

A ‘ .
4.7003,6.0;73,0,6.4240,12.7?16,0,90.
“NCOPY,CHANGE HUMBER=18,0L0 SET=nbakO,SHIFT, NEW
SET=nbsk1

l'of ' -
4.7003,6.0373,0,4.4240,12.7714,0,%00.
*NCOPY,CHANGE NUMBER=19,0LD SET=nbsk0,SHLFT,NEW
SET=nbskt

Jol

4.7003,6.0373,0,4.4240,12.7714,0,110,

*NCOPY ,CHANGE MUMBER¥20,0LD SETanbak0,SHIFT, NEW
SETanbsk1

.0,
4,7003,6,0373,0,4.4240,12,.77156,0,120.
*NCOPY,CHANGE MUMBER=21,0LD SET=nbskO,SHIFT,NEW
SETanbsk1

0,
4,7003,6.0373,0,4.4240,12,7716,0,135,
*NCOPY,CHANGE NUMBER=22,0LD SET=nbgk0,SHIFT NEW
SET=nbsk1

lol
4,7003,6.0373,0,4.4240,12.7716,0,150,
*NCOPY,CHARGE NUMBER=23,0LD SET=nbsk0,SHIFT, NEW
SET=nbsk1

.0,
4 7003 6.0373,0,4.4240,12.7716,0,165.
*NCOPY, CHANGE RUHSER'ZG OLD SET=nbsk@, SNIFT NEW
SET=nbsk1

lol
4,7003,6.0373,0,4.4240,12.7716,0,180,
*nset,nsetz=nbsk1
nbskD
*nade
31037,-8.,0,0
31115,-1.,0,-8.5
*ngen, nlet-hcktl
31037,31115,13

*node
31025,10.6,0,0
31103, 9. ,0,-3.76.
*ngen, nsetsbskt?
31025,31103,13
*node
31031,0,0,0
31109,5.7,0,-7.9
*ngen, nset=bskt3
31031,31109,13
*nfill, nsatanbsk
bskt2,bskt3,6,1
bskt3,bske1,6,1

*NCOPY,CHANGE NUMBER=200,0L0
SET=nbskt,SHIFT,NEW SET=nbsk1
-0.041,0.9992

*node, nset=bskpl

31410,11.3125,8,0

314611,11.3125,14,0

31412,11.3125,23.164,0

*NCOPY , CHANGE NUHBER'10 OLD SET=bskp0,SHIFT, NEH
SET-nbskp,multipll-B

l'of
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INPUT FILE Bsk1ad.tx

4.7003,56.037%,0,4.4240,12.77164,0,50.

*node, nset=nbskp

31400, ,8,0

31401, ,16,0

31402, ,23.166,0

*nset,nsetsnbak]

nbskp,bskpﬂ

*NCOPY,CHANGE NUHBER-1OGO oLo sETsnbsk1 SHIFT NEW
SET=nbak

-0.9499,23.1445

*NCOPY,CHANGE NUMBER=2000,0LD SET-nbsk1 SHIFT,KEV
sET-nbsk
-1.8998,46.,2930

*KCOPY, CHANGE NUMBER»3000,0LD SET=nbsk1,SHIFY HEW
SETsnbsk
-2.8497,69.4395

*NCOPY,CHANGE HUHBER=4000,0LD SET=nbsk1,SHIFT NEU
sET-nhsk
-3.7996,92.5861

*NCOPY , CHANGE NUMBER=5000,0LD SET=nbski, SHIFT,NEW

SET-nbsh
“4.7495,115,7326

*nset, naetabsk

nbsk, nbsk1

*ELEMENT, TYPE=C3D8R,ELSETubskC
31001,31025,31000,31001,31038,31225,31200,31201,3
1238

3too02,31038, 31001 31002,31051, 31235 31201 31202,3
1251

31003 31051,31002,31003,31064,31251,31202,31203,3
1264

31004,31064,31003,31004,31077,31264,31203,31204, 3-

;fggs 31077,31004,31005,31090,31277,31204, 31205, 3
;$§gﬂ 31090,31005,%1005,31103, 31290, 31205 31206,3
;igg? 31103 31006,31007,31104,31303,31206,31207,3
;23:9 31115,31018,31019,31102, 31315 31218 31219,3
%3530 31102,31019,31020,31089,31302,31219,31220,3

31021,31089,31020,31021,31076,31289,31220, 31221, 3‘

1276
31022,31076,31021,31022,31063,31276,31221,31222, 3
12563

31023,31063,31022, 31023 31050, 31263 31222, 31223 3
1250 -

31024,31050,31023,31024,31037,31250, 31223 31224,3
1237
31025,31026,3102%,31038,31039,31226,31225,31238,3
1239

“ELGEN,ELSET=bsk0

31007,12,1,1

31025,12,1,1,6,13,12

*ELcopy,alement shift=1000,0ld set=bsk0, shift
nodes=1000,new SET=bsk

*ELcopy,element shift=2000,0ld set=bek0, shift
nodes=2000,new SET=zbsk

*ELcopy,element shifre3000,0ld set=bsk0, shift
nodes=3000,new SET=bsk

SNF-5204, Rev. 1
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*ElLcopy,element shift=4000,0ld set=bsk0,shift
nodes=4000, new SET=bsk
*ELcopy,element shift=5000,0ld satabsk0,akift
nodes=5000, new SET=bgk
*ELEMENT, TYPE=BX1 ELSET=poste
31101,31031, 31231
31102,31231,31400
31103,31400,31401
*ELEMENT, TYPE=B31,ELSETsposth
31111,31000,31200
31112,31200,31410
31113,31410,31411
*ELEMENT,TYPE=B31,ELSET=postf
31121,31013,31213
31122,31213,31420
©O31123,31420,31420
31131,31020,31220
31132,31220,31430
31133,31430,314631
"ELEMENT ,TYPE=831 ELSET=posth
31141,31024,31224
31142,31224,31440
31143,31440,31441
“ELGEN,ELSET=pestc
31101,6,1000,1000
31102,6,1000,1000
31103,2,1,1,6,1000, 1000
*ELGEN,ELSET=posth
31111,46,1000,1000
31112,6,1000,1000
31113,2,1,1,6,1000,1000
31141,6,1000,1000
31142,6,1000, 1000
31143,2,1,1,6,1000,1000
*ELGEN,ELSET=post?
31121,6,1000,1000
31122,6,1000,1000
31125,2,1,1,6,1000,1000
31131,4,1000,1000
31132,6,1000,1000
31133,2,1,1,6,1000,1000
*elsat elgetebsk
bsk0
valset,elset=ebsk
posth,postf,postec,bsk
*SOLID SECTIONM, ELSET=bsk, MATERIAL=bsk
*BEAM SECTION, ELSEY=zpostc, MATERIALzbskp,
SECTION=arbitrary
4,1.906,0,1.348,1.348,2.4375
0,1.906,2.4375
~1.548,-1.348,2.4375
-1.906,0,2.4375
*BEAM SECTION, ELSET=postf, MATERIAL=bskp,
SECTION=trapezoid
3.194,.45,1.25,0
*BEAM sEcTIOH ELSE!=polth MATERIAL=bskp,
SECTIOM-:rapezoid
1.557,1.45,0.615,0
*MATERIAL ,NAME=bsk
*QENSITY
.015546
*ELASTIC
28.E+06, .27
*PLASTIC
30032.,0.0
100701.,0.293
101451.,0.300
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INPUT FILE Bsk1ad.bct

102201.,0,307 32225 ,32237 .1
*MATERLAL , NAME=bskp 33025,33037,1
*DENSITY 33225,33237,1
,Q00735 34025,34037, 1
*ELASTIC 34225,34237,1
28_E+056,.27 35025,35037,1
*PLASTIC 35225,35237,1
30032.,0.0 35025,346037,1
10070%.,0.293 36225 ,36237,1 .
101451.,0.300 31400,36400, 1000
102201.,0.307 31401,36401,1000
*mpe 31402,34402,1000
Link,32031,31402 31410,36410, 1000
| Ink,32000,31412 31411,36411,1000
link,32013,31422 31412,36412,1000
link,32020,31432 31440,36440,1000
Link,32024,31442 31441,36441,1000
Link,33031,32402 31442,38442,1000
tink,33000,32412 +BOUNDARY
link,33013,32422 BSKSY, ZSYMM
Link,33020,32432 ** end of file
Link,33024,32442
Link,34031,33402
{ink,34000,33412
link,34013,33422
link,34020,33432 -
link,34024,33442
Link,35031,34402
Link,35000,34412
Link,35013,34422
Link,35020,34432
Link,35024,34442
Link,34031,35402
| 1nk,34000,35412
Ltnk,36013,35422
tink,36020,35432
link,36024,35442
*alset,elaet=bskbl, generate
31001,31024,1

*plget,elsetabskb2, generate
32001,32024,1 ) )
*ulset, elset=bskb3, generate
33001,33024,1
*plset,elsetabskbs , generate
34001,34026,1
*elget,elset=bskbS,generate
35001,35024,1
*alset,elsetsbskbs, generate
36001,35024,1

*elyet, etsetabakel, generats
21025,31096,1 '
*elget,elsetebsked, generate
32025,32096,1 ‘ .
*glset,elset=bske3, generate
I3025,33096,1
*elset,elsetsbsked, generate
34025,34095,1
*glset,elsetsbakes, generate
35025,35096,1

*alset, elset=bskesd,generate
35025,36096,1

*nget, niet=BSKSY, generate
31000,36000,1000
31024,34024,1000
31025,31037,1

31225,31237 1

32025,32037,1
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INPUT FILE Stdstd2.txt

s*srtandard storage tube
WNODE

100,13.5,0,0
104,14.0,0,0
106,14.5,0,0
*HGEN,NSET=SSN1
100,304 ,1
104,106,1
*NODE
140,13.5,0.
164,14.5,0.
146,15.0,0
*NGEN,NSET=
140,144 1
144,146 ,1
*NODE
113,19,0,0,0

*NGEN,NSET=SSN1

106,113,1

*NODE

193,19.5%,0.5,0

*)GEN,NSET=SEN2Z

145,153,1

*NFILL,NSET=flange

SSN1,%88N2,2,20

*NODE

45D,16.50,3.5,0

468,18.25,3.5,0

*NGEN, NSET=55N3

460,468,1

*NODE

473,19.50,3.5,0

*NGEN,NSET=SSN3

448,473,

*NFILL,NSET=flange

SSN2,55N3,16,20

*NORE

508,18.25,4.5,0

513,19.50,4.5,0

*NGEN,NSET=SSNSG

508,513,1

*nget NSETsSSNS, genernte

468, &73 1

"NFILL, Nssr-flange

SSNS,8584,2,20

*NCOPY,CHANGE NUMBER=1000,0LDSET=FLANGE,SHIFT

5
5
5
]

0,-10,0, 0,10,0,3.75
*NCOPY,CHANGE NUMBER=2000,0LDSET=FLANGE,SHIFT

0,-10,0, 0,10,0,7.5
*NCOPY CHANGE NUMBER=3000,0L0SET=FLANGE, SHTFT

0,-10,0, 0,10,0,11.25
*RCOPY,CHANGE NUMBER=4000,0LDSET=FLANGE,SHIFT

-10,0, 0,10,0,15.
*NCOPY CHANGE NUHBER=SODO OLDSET=FLANGE, SHIFT

o,-10,0, 0,19,0,18.75
*NCOPY,CHANGE WUMBER=6000,0LDSET=FLANGE, SKIFT

6,-10,0, 0,10,0,22.5
NCOPY, CHANGE NUMBER=7000,0LDSET=FLANGE,SHIFT

¢,-10,0, 0,10,0,26.25
*NCOPY, CHAHEE NUH!E!*BOOB OLOSET=FLANGE ,SKIFT

C-1§
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0,-10,0, 0,10,0,30,
*NCOPY,CHANGE NUMBERs9000,0LDSET=FLANGE, SHTFT

0,-10,0, 0,10,0,34.
*NCOPY , CRANGE nunasn-10000,0Lnssr-rLAucs,suzfT

o,-10,0, 0,10,0,42,
‘NCOPY CHANGE HUHBER-1IOOO CLOSET#FLANGE,SHIFT

0,-10,0, 0,10,0,48.
‘NCOPY CHANGE HUHBER-12000.GLDSET-FLANG! SHIFT

0,-10,0, 0,10,0,564.
*NCOPY, CHANGE NUMBER=13000, OLDSET=FLANGE , SKIFT

0,-10,0, 0,10,0,40.
*NCOPY, EHANGE NUMBER=14000,DLOSET=FLANGE ,SHIFT

-10,0, 0,10,0,47.5
‘NCOPY CHANGE NUHlER-15000 DLDSET!FLANGE SHIFT

0,-t0,0, 0,10,0,75,
*HCOPY, CHANGE NUMBER=14000,0LDSET=FLANGE,SHIFT

0,-10,0, 0,10,0,82.5
“NCOPY , CHANGE NUMBER=17000,0LDSET=FLANGE ,SHIFT

0,-10,0, 0,10,0,%0.
*NCOPY,CHANGE NUMBER=18000,0L0SET=FLANGE,SHIFT

0,-10,0, 0,10,0,100.
*NCOPY CHANGE NUMBER=19000,0LDSET=FLANGE,SHIFT

e, 10 Q, 0,%0,0,110.
"NCOPY,CHANGE NUHBER'ZUOG0,0LDSET=FLANGE,SHIFT

"0,+10,0, 0,10,0,120.

*NCOPY,CHANGE NUMBER=21000,0LDSET=FLANGE, SHIFT

0,-10,0, 0,10,0,$35.
*NCOPY,CHANGE NUMBER=22000,0LDSET=FLANGE ,SHIFT

0,-10,0, 0,10,0,150.
“NCOPY,CHANGE NUMBER=23000,0LDSETCFLANGE,SHIFT

0,-10,0, 0,10,0,165,
*NCOPY,CHANGE NUMBER=24000,0LDSET=FLANGE, SHIFT

¢,-10,0, 0,10,0,180.
*ELEMENT, TYPE=C3D8R , ELSET=FLAKG
1,100,101,1101,4100,120,121,1121, 3120
*ELGEN,ELSET=FLANG
1,18,20,1,13,1,18,24,1000,1000
*ELEMENT, TYPE=C3D8R,ELSET=FLANG
235,468,469, 14569, 1463, 488,489, 1489, 1488
“ELGEN, ELSET #FLANG
235,2,20,1,5,1,2,24, 1080, 1000

e

*NODE
600,13.5,-26.25
604,14.0,-26.25
*NGEN,NSETe$551
600,604, 1

*NOOE
660,13.5,-20.25
666,14.0,-20,25
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INPUT FILE Stdstd2.txt

*NGEN,NSET=5552
860,664,

*NFILL NSET=SS812
£851,89%2,12,%
*NODE
665,13.5,-20.
669,14.0,-20.
*NGEN,NSET=8553
665,669.1

*NODE
840,13.5,-0.5
844,15.0,-0.5
*NGEN, NSET=S§54
860,864,1
*NFILL, NSET=8834
5553%,5554,39,5
*NODE
855,13.50,-0.25
849,14,00,-0.25
870,14,25,-0.25
*NGEN,NSET=5555
865,889,1
*NSET,HSET=TUBES
§512,5534,5555,870
*NCOPY,CHANGE NUMBER=1000,0LDSET=TUBES,SKIFT

0,-10,0, 0,10,0,3.75
‘NCOPY CHANGE NUHBER-ZOQO LOLOSET=TURES ,SHIFT

0,-10,0, 0,10,0,7.5
*NCOPY,CHANGE NUMBER=3000,0LDSET=TUBES,SHIFT

0,-10,0, 0,10,0,11.25
*NCOPY ,CHANGE NUMBER=4000,0LDSET=TUBES,SHIFT

¢,-10,0, 0,10,0,15.
‘NCOPY CHANGE NUMBER-SDDO OLDSET=TUBES, SHIFT

¢,-10,0, 0,10,0,18.75
*NCOPY CHANGE NUMBER-bDOO OLDSET=TUBES , SHIFT

0,-10;0, 0,10,0,22.5
*NCOPY,CHANGE NUMBER=7000,0LDSET#TUBES,SHIFT

-10,0, 0,10,0,26.25
'NCOPY CHANGE NUHIER=BODO OLDSET=TUBES, SHIFT

0,-10,0, 0,10,0,30.
*NCOPY, CHANGE NUMBER=%000,0LDSET=TUBES,SHIFT

0,-10,0, 0,10,0,36.
*NCOPY, CHANGE NUMBER=10000,OLDSETTUBES, SHIFT

0,-10,0, 0,10,0,42.
*NCOPY,CHANGE NUMBER=11000, OLDSET=(USES, SHIFT

0,-10,0, 0,10,0,48. -
'NCOPY CHANGE NUHBER'1ZUOO OLOSET=TUBES, SHIFT

0,-10,0, 0,10,0,54.

*NCOPY, CHAHGE NUMBER-13000 OLDSET=TUBES,SHIFT

o,-10,0, ©0,10,0,60.
'NCOPY CHANGE NUHBER-14000 OLDSET=TUBES,SHIFT

¢,-16,06, 8,10,0, 67.5
*NCOPY, CHANGE HUMBER-15000 OLDSET=TUBES,SHIFT

C-16
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0,-10,0, 0,10,0,75.
*NCOPY, CHANGE NUMBER=16000,0LDSET=TUSES, SKIFT

0,-10,0, 0,10,0,82.5
*NCOPY,CHANGE NUMBER=17000,0LDSET=TUBES, SHIFT

0,-10,0, ©,10,0,90.
.*NCOPY, CHANGE NUMBER=18000,0LDSET=TUBES,SHIFT

0,-10,0, 0,10,0,100.
*NCOPY, CHANGE KUMBER=19080,0LDSET=TUBES,SHIFT

¢,-10,0, 0,10,0,110.
*NCOPY,CHANGE NUMBER=20000,0L0SET=TUBES, SRIFT

@,-10,0, 0,10,0,120.
*NCOPY,CHANGE RUMBER=21000,0L0SET=TUBES, SHIFT

0,-10,0, 0,10,0,135.
*NCOPY, CHANGE NUMBER=22000,OLDSET=TUBES, SHIFT

0,-10,0, 0,10,0,150.
*NCORY,CHANGE NUMBER=23000,0L0SET=TUBES,SHIFT

0,-10,0, 0,10,0,165.
*NCOPY, CHANGE NUMBER=24000, OLOSET=TUBES, SHIFT

0,-10,0, 0,10,0,180.

*ELEMENT, TYPESC3D8R ,ELSET=TUBES
301,400,601, 1501, 1600, 605,606, 1606, 1605
*ELGEN,ELSETHTUBES
301,53,5,1,4,1,53,24,1000, 1000
*ELEMENT, TYPE=C3DAR ,ELSET=TUBES

550, 845, 864, 1866, 1865, 100,101, 1101,1100
*ELGEN, ELSET=TUSES
550,5,1,1,24,1000, 1000

*ELEMENT, TYPE=C3D& , ELSET=TUBES

556,849, 870,864, 1869, 1870, 1864

*ELGEN ,ELSET=TUBES

556,24,1000,1000

*ELEMENT, TYPE«C3D4 ELSET=TUBES

557,105, 106,870,1105, 1106, 1870

ELGEN, ELSET=TUBES

557,24,1000, 1000

L 13

*NOOE ,NSET=§5P1

900,135.75,-475,0

*NODE , NSET=SSP2

997,13.75,-27,0

*NFILL,BIAS=1.035, NSET=TUBER

s5P1,85P2,97,1

*NCOPY,CHANGE NUMBER=1000,0LDSET=TUBEP, SHIFT

0,-10,0, 0,10,0,3.75
*NCOPY, CHANGE NUMBER=2000,0LDSET=TUSEP,SHIFT

0,-10,0, 0,10,0,7.%
“NCOPY,CHANGE NUMBERa3000, OLDSET=TUBEP,SHIFT

0,-10,0, 0,10,0,11.25
*NCOPY , CHANGE NUMBER=4000,0LDSET=TUBEP,SHIFT

0,-16,0, 0,10,0,15.
*NCOPY,CHANGE NUMBER=5000,0LDSET=TUREP,SHIFT

0,-10,0, 0,10,0,18.,75
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INPUT FILE Stdstd2 ixt

*NCOPY, CHANGE HUH!ERUGDOO,QLDSET-TUBEP,SHIFT

0,-10,0, 0,10,0,22.5
®NCOPY ,CHANGE NUMBER=T0Q00,0LDSETSTUBEP,SRIFT

0,-10,0, 0,10,0,26.25

*NCOPY, CHANGE NUNBER=8000,OLDSET=TUBEP, SH1FT

0,-10,0, 0,10,0,30.
'NCOPT CKANGE NUHB!R-9000 OLDSETGTUBEP SHIFT

0,-10,0, 0,10,0,38,
*NCOPY ,CHANGE NUMBER=10000,OLDSET=TUBEP,SKIFT

¢,-10,0, 0,10,0,42.
*NCOPY, CHANGE NUNBER=11000, DLOSET=TUSES, SKIFT

0,-1¢,0, 0,10,0,48.
*NCOPY,CHANGE NUMBER=12000,0LDSET=TUBEP,SHIFT

0,-10,0, 6,10,0,54.
'HCOPT,CHAHGE NUMBER=13000,0LDSET=TUBEP,SHIFT

0,-10,0, 8,10,0,40. _
*NCOPY,CHANGE NUMBER=14000,0LDSET=TUBEP,SHIFT

0,-10,0, 0,10,0,67.5
*NCOPY,CHANGE NUMSER=15000,OLOSET=TUBER,SHIFT

g,-10,0, 0,10,0,75.
*NCOPY,CHANGE NUMBER=16000,OLOSET=TUBEP,SHIFT

0,-10,0, 0,10,0,82.5 _
*NCOPY, CHANGE NUMBER=17000,0LDSET=TUBEP,SHIFT

0,-10,0, 0,10,0,90.
*NCOPY,CHANGE NUMBER=1B000,0LOSET=TUBEP,SHIFT

¢,-10,0, 0,10,0,100. -
*NCOPY CHANGE NUHBERI19000 OLDSET=TUBEP, SHIFT

0,-10,0, 0,10,0,310,
*NCOPY CHANGE NUMBER=20000, OLDSETaTUiEP SHLFTY

0,-10,0, 0,10,0,120.
*NCOPY CHAHGE NUHGER!E1000 OLDSETBTUBEP,SHIFI

0,-10,0, 0,10,0,135,
*NCOPY ,CHANGE NUMBER-ZZUOD,ULOSETITPBEP,SHIFT

0,-10,0, 0,106,0,150.
‘NCOPY CHANGE NUMBER=23000, OLDSET:TUBEP SHIFY

-10,0, 0,10,0,145.

'NCDPY CHANGE HUHBEH=24000 OLDSET=TUBEP,SHIFT .

0,-10,0, 0,10,0,180, " ‘
*ELEMENT, TYPE=SGRS,ELSET=TUBEP
600,900, 1900, 1901,901
*ELGEN,ELSET=TUBEP
600,97,1,1,24,1000,1000
*ELEHENT,TYPE-SﬂRS,ELSET'TUlEP
&98,997, 1997, 1602, 602

*E\GEN, ELSET=TUBEP
698,24,1000,1000
‘ELEHEHT,TYPE'S‘RS,ELS!TETUBEP
699,602,1602, 1607,607

C-17

*ELGEN,ELSEYSTUBEP
&99,24,1000,1000
*nist,nsetufsym, generate -
1,513 1

24001,24513 1

400,870,1

24600,24870,1

901,997,1

24901 24997 1

*nset nset-PFLl,sener.te
900,24900,1000
*tlsut,!llnt-FLBI,9enerate
1,18,1

1001,1018,1

2001,2018,1

3001,3018,1

4001,4018,1

5001,5018,1

6001,45018,1

roat,7018,1

8001,8014,1

$001,9018,1
*elget,elsetsFLGO, generate
217,234 1

1217,1234,1%

243,1243,1000

244 ,1244,1000
*eiset,elsetsFLGE, generate
109,217,18

1109,%217,18
*elget,elset=TUB!, generate
301,353,1

1301,1353 1

2301,2353 .1

3301,3353 1

4301,4353 .1

3301,5353.1

6301,6353,1

7301,7353,1

8301,8353,1

9301,9353.1

550,9550,1000
*elget,elset=TUBO, generate
460,511 1

1460,1511,1

554,1556- 1000
557,1557,1000

*BOUNDARY

FSYM, ZSYMN

FFLR, ENCASTRE

**END OF FILE
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INPUT FILE 5210.inp
** file "g210,1np" 0007339
*HEAD ING YELASTIC
MCO DROP ONTO SERVICE STATIONC(MCO shell ¢l & 29.5E6,0.30 -
baskst support) *PLASTIC
*INCLUDE, [KPUT=mcos2.txt 35088,0
*INCLUDE, INPUTabskias.txt 38590,0.0197
*SYSTEM o 60421,0.0904
e ] 75291,0.1486
*INCLUDE, INPUT=service.txt bk
*SYSTEM *BOURDARY
-1,22.75, 95020, encastre
*NODE ,NSET=RGD3 *INITIAL CONDITIONS, TYPE=VELDCITY

95001,-17.5,55,0
95003,-17.5,114.15,0
$5005,-13.625,128.91,0
95007, -13.625,140.,0
*NODE , NSET*RGD1
95011,17.5,55,0
95013,17.5,114.15,0
©5015,13.625,126.91,0
95017, 13.625,140.,0
*SYSTEM

t2s
*NODE ,NSET=RGD

*NCOPY, CHANGE WUMBER=1,0LD SET=RGDT,SHIFT, NEW

SETs=RGD1

lol

0,0,0,0,1,0,3.75

*NCOPY, CHANGE NUMBER=1,0LD SET=RGD3,SHIFT,NEW
SET=RGD3

.0,

0,0,0,0,1,0,-15.

*node

95020,-12.625,100.,"

*alament, typesR3D4,elset=rgdi
95001, 95001, 95002, 95004, 95003 -
95002, 95003, 95004, 95004, 95005
95003, 95005, ¥5006, 95008, 95007
*element, type=R3D4, elget=rgd2
$5004, 95011, 95012, 95014, 95013
25005, 95013, 95014, 95016, 95015
95004, 95015, 95014, 95018, 95017
*w

Wi

*SOLID SECTION, ELSEY=HATCH, MATERIAL=SA3S
*SOLID SECTION, ELSET=GUIDE, MATERIAL=SAZS
*SOLID SECTION, ELSET=CASK, MATERIAL=SA3S
0.5
*rigid body, elset=rgdl,ref nodes95020
1.0
*rigid body, elset=rgd2,ref nodea95020
0.001 .
*MATERIAL , NAMEnSS304

. "DENSITY
.000735
*ELASTIC
28,.E+06, .27
*PLASTIC
36161,0
38390,0.02
40405,0.05
41771,0.08
45369,0.18
51002,0.37
127236,0.466
*MATERIAL,NAME=SA3S
"DENSITY

‘c-19

MCO, 2, -264

BSK, 2, -284

*RESTART, WRITE, NUMBER INTERVAL=40
*STEP .
*DYNAMIC, EXPLICHT

,6.E-2

*ELSET,ELSETaTTT

GUIDE ,HATCH, CASK, MCO, BSK
*DLOAD
FTIT,GRAV,386.4,0,-1,0

L 1]

** Surface definitions for Service Station
Lid

“SURFACE DEFINITION, MAME=SSIF

FL81,86

_*SURFACE DEFINITION, NAME=MCOBF

MCOBF, S4

HCOBR, §1

*CONTAGCT PATR, INTERACTION=FM1
MCOBF,§51F

*SURFACE INTERACTION, NAME=FN!
*ERICYION '

0.3

*SURFACE DEFINITION, NAME=GSIF
GSI,S6

*CONTACT PALR, INTERACTION=FM2
MCOBF,GSIF

*SURFACE INTERACTION, NAMEsFM2
*FRICTION

0.3 :

®SURFACE DEFINITION, NAMEsSSIC
CAl1,56 .

CAl2,52

CAT3,S1 -
*CONTACT PAIR, INTERACTIONaFM3
MCOBF,SSIC

*SURFACE INTERACTION, NAMEwFM3
*FRICTION

0.3

** tuide, Cask contact surfaces
L 1]

*SURFACE DEFINITION, NAME=GSEB
GS81,81

G582,%6

Gs83,51

*SURFACE DEFINITION, NAME=CAT
CAT1, 82

CATZ, 54

CAT3, 52

*CONTACT PAIR

GSB,CAT

W
ik
"k
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INPUT FILE 5210.Inp

“SURFACE DEFINITION, NAMEsrgd)f
rgdi, SPOS '

“SURFACE DEFINITION, NAMEsMCOTL
MEOTL, SPOS

*CONTACT PATR, INTERACTION=FNTL
rgd1f MCOTL

*SURFACE INTERACTION, NAME=FMTL
*FRICTION ) '
0.3 )

W

*SURFACE DEFINITION, NAME=rgd2f
rgd2, SNEG

*SURFACE DEFINITION, NAMEsMCOTR
MCOTR, SPOS

*CONTACT PAIR, INTERACTION=FMTR
rgd2f,MCOTR

*SURFACE INTERACTION, NAME=FKTR
*FRICTION

0.3

wh

“SURFACE DEFINITION, NAME=hakb1
bskb1,51 '
bake!,s?

bskb1,54

*SURFACE DEFINITION, NAMEzbskb2
bakb2,s1

bekc2, s

bskb2, 54

*SURFACE DEFINITION, MAME=bskb3
bskb3,s1

bske3,s1

bskb3,56 .

*SURFACE DEFINITION, NAMEsbskbé
bakb4, 51 :
bskes,s1

bskbs, 54

*SURFACE DEFINITION, NAMEsbakb5
bskb5,51

bske5,s1

bskb5, 54

*SURFACE DEFINITION, NAME=bakhb
bskbs,S1

bskch, 51

bskbb, 54

*CONTACT NODE SET, NAMEsbsph
bspb . .
*SURFACE DEFINITION, NAMEsmcos!
mcobt, 82

mcosi, e

*CONTACY PAIR, INTERACTION=ESMco
bspb,mcosi ’

*SURFACE INTERACTION, NAME=BSmco

*FRICTION

0.3

*CONTACT NOQDE SET, NAME=bipt
bspt

*CONTACY PAIR, INTERACTION=BSKO1
bspt,B5KB1 ’
*SURFACE INTERACTION, NAMEsBSKO1
*FRICTION

0.3

*SURFACE DEFINITION, ﬂAM!-mcotb
meot, 51 ‘

*SURFACE DEFINITION, NAME=mcopi
mcopl, sneg

*CONTACT PAIR, INTERACT1ION=bi
BSKB1,meopi

Cc-20

*SURFACE INTERACTION, NAMEsb1
*FRICTION

0.3

*CONTACY PAIR, INTERACTION=b2
88XB2,mcopi

*SURFACE INTERACTION, NAME=b2

"WFRICTION .

0.3 o
*CONTACT PAIR, INTERACTION=bL3
BSKB3,meopf

*SURFACE INTERACTION, NAME=b3
*FRICTION

0.3 '
*CONTACT PAIR, INTERACTION=bG
BEKB4, meop]

*SURFACE INTERACTION, NAME=bs
*FRICTION

0.3

*CONTACT PAIR, INTERACTION=bS
B5X85, meopd

*SURFACE INTERACTION, NAMEsbS
*FRICTION

0.3

“CONTACT PAIR, INTERACTION=bLS
BSXB6,mcopi

*SURFACE INTERACTICH, NAME=bé
*FRICTION

0.3

i

“HSET,NSET=NOUT

70019,70000, 70179,82019,94019, 82133, 94133
31231,32231,33231,34231,35231,36231,94577

*n$er, N3ptEnout, generate
31000,36000, 1000
31024,36024, 1000
31025,31037,1
32025,32037, 1
33025,33037,1
34025,34037, 1
35025,35037, 1
36025,36037,1
*NSET,GENERATE,NSETaTOUT

-

[ 3]

100,800, 20
»=100, 220, 60
24100,24220,60
600,850,50
24600, 24850,50
70300,94300, 1000
70301,94301, 1000
70302,94302, 1000
70303, 94303, 1000
70304 ,94304, 1000
70305, 94305, 1000
70306,94306, 1000
70307,94307, 1000
70308,54308,1000
70309, 94309, 1000
*ELSET,ELSET=EQUT, generate
70016, 70156,20
70017,70157,20
70018,70158, 20
70019,70159,20
70160,70175,1
71016,71156,20

** nodeg for Service Stetion output
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71047,71157,20

71018,71158,20

71019,71159,20 . _ -
71160,71175,1

72015,72156,20

72017,72157,20

72018,72158,20

72019, 7215%,20

72160,72175,1

73018,73156,20

73017, 73157,20

73018,73158,20

73019,73159,20

73160,73175,1

*CUTPUT, HISTORY, TIME INTERVAL=1.E-4
*NODE OUTPUT, NSET=NOUT

u,v,A
*NDDE OUTPUT, NSET=TOUT

U

*NODE OUTPUT, NSET=FLY

RF

*NODE QUTPUT, NSET=FLXY2
RF

*NODE QUTPUT, NSET=CAXYZ

RF :
*nget,NSeturgdn

95020

*NODE OUTPUT, NSET=rgdn

RF :

*ENERGY output

ALLKE

*eiser,elsetsst
hatch,cask,guide

*snergy output,elsetust
allie,allpd

*ELEMENT

OUTPUT ,ELSET=EQUT,positionsnodes,varisblesprese
lect

woutput,field, nunber intervals4l
*slement output - '
s,57,MISES,PE,PEEQ,E,EP
*node output

u,v,rf

*MONITOR, NODE=70019, DOFs2
XEND STEP

** ond of file

C-21
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INPUT EILE Bsk1as.txi

**  markia3.txt
*SYSTEM
3.5355,-3.7513, 0,
3.3392,2.9958, O
*nade,nsetanbsk
31000,11.3125,0,0
*NCOPY,CHANGE NUM!ER:1 OLD SET=nbsk0,SHIFY, NEW
SEftnbski

,0, .
3.5355,-3.?513, 0,3.3392,2.9958, '0,3.75
*NCOPY , CRAKGE NUMBER®Z,0LD SETanbsk0,SHIFT,NEW
SETunbsk?

lol )
3.5355,-3.7513, 0,3.3392,2.9958, 0,7.5
*NCOPY,CHANGE NUMBER=3,0L0 SET=nbsk0,SHIFT, NEW
SEVunbskl

,D,
3.5355,-3.7513, 0,3.3392,2.99%8, 0,11.25
*NCOPY,CHANGE NUMBER-A ULD SET-nbskU SHIFT,NEW
SETtnbsk1

.0,
3.5355,-3.7513, 0,3.3392,2.9958, 0,15.
*NCOPY,CHANGE NUMBER=5,0LD SET=nbsk0,SHIFT,NEW
SET=nbakt

13.5312,-3,4504,0

90,
3.53%5,-3.7513, 0,3.33%2,2.9958, 0,20.0

*NCOPY,CHANGE NUMBER=S,0LD SET=nbsk(,SHIFT, NEW

SETanbsk1

lnf

3.5%55,-3.7513, 0,3.3392,2.9958, 0,25.0
*NCOPY,CHANGE NUMBER=7,0LD SET=nbak0,SHIFT NEW
SEY=pbsk1

0
3.5355,-3.7513, 0,3.3392,2.9958, 0,30.0
*NCOPY CHANGE NUMBER=S,0L0 SET=nbsk0,SH1ET,NEW
SETlnbskf
.0,
3.5355,-3.7513, 0,3.3392,2.9958, 0,37.5
“NCOPY . CHANGE NUMSER=9,0LD SET-nbsI:O SHIFT,NEW,
s£T=nbak1
0,
3.5355,-3.7513, 0,3.3392,2.9958, 0,45.0
“NCOPY ., CHANGE NUMBER=10,0LD sET-nbsko SHIFT NEW
SETanbik1
.0,

3.5355,-3.7513, 0,3.3392,2.9958, 0,60.0

*NCOPY ,CHANGE NUMAER=11,0LD SET=nbsk0,SHIFY NEW

SETznbsk1

lol
3.5355,-3.751%, 0,3.3392,2.9958, 0,75.0
“NCOPY,CHANGE NUMBER=12, oLD SET-nbsko SHIFT,NEW
sET-nbsk1

,0,

3.5355,-3.7513, 0,3.3392,2.9958, 0,90.0

*NCOPY,CHANGE NUMBER=13,0LD SETlnbsFO,SHlFT,NEH :

SET=nbsk!

lol' ) ) .
3,5355,-3.7513, 0,3.3392,2.9958, 0,10%.0
*NCOPY,CHANGE HUHBER814,0LD SET=nbak0, SHIFT NEW
SETunbak1

IOJ

3.5355,-3.7513, 0,3.3392,2.9958, 0,120.0
*NCOPY,CHANGE NUMBER=15,0LD SET=nbsk0,SHIFT NEW
SET=nbsk1

LI
3.5355,-3,7513, 0,3.3392,2.9958, 9,135.0

- c22

*NCOPY,CHANGE NUMBER=16,0LD SET=nbskd,SHIFT,NEW
SET=nbak1

lnl -
3.535%5,-3.7513, 0,3,3392,2.9958, 0,142.5
*NCOPY ,CHANGE NUMBERx=17,0LD SET=nbsk0,SNIFT,NEW
S£T=nbsk1

9.

3 5355 -3.751%, 0,3, 3392 2.9958, 0 150 0
*NCOPY CHANGE NUHBER-18 oLp SET'nblkD LSHIFT, NEW
sET-nbsk1

roa

3.5355,-3.7513, 0,3,3392,2.9958, 6,155.0

*NCOPY ,CHANGE NUMBER=19,0LD SETwnbsk0,SHIFT,NEW
SET=nhgkl

l'ol'

1.53155,-3.7513, 0,3,3392,2.9958, 0,150.0
*NCOPY,CHANGE NUMBER=20,0LD SET=nbskDd, SHIFT,NEW
SET=nbsk1

lDl

3.5358,-3.7513, 0,3,3392,2.9958, 0,165.0
*NCOPY, CHANGE WUMBER=21,0LD SET=nbsk®,SHIFT NEW
SET=nhski

fDJ

3.535%,-3.7513, 0,3.3392,2.9958, 0,168.75
“NCOPY,CHANGE NUMBER=22,0LD SETanbak0,SHIFT,NEW
$ET=nbsk

.G,

3.535%,-3.7513, 0,3.3392,2.9958, 0,172.5
*NCOPY,CHANGE NUMBER=23,0LD SEY=nbsk0,SHLIFT,NEW
SET=nbsk1

lcl

3.5355,-3.7513, 0,3.3392,2.9958, 0,176.25
*NCOPY,CHANGE NUMBER=24,0LD SE€T=nbsk0,SHIFT,NEW
SET=nbak1

40,

3.5355,-3.7513, 0,3.3392,2.9958, 0,180,
*nset,nset=nbsk? .
nbsk0

*node

31037,-10.3,0,0

31115,-8.9,0,-5.1

*ngen, n3et=hsktl

31037,31115,13

*node

31025,10.3,0,0

31103, 8.9,0,-5.1

*ngen, neet=bskt?2

31025,31103,13

*node

31034,0,0,0

31109,0,0,+10.3

*ngen, nsetwbsktl

31031,31109,13

*afill, nset=nbaki

bskt2,bskt3,s,1

bakt3 bskt1,4,1

*NCOPY,CHANGE NUMBER=200,0L0 SET=nbsk1,SHIFT, NEW
SET=nbsgk1

-0.0291,0.9996

*node, nset=bskpl

31610,11.3125,7,0

$1411,11.3125,13,0

31412,11.3125,19,0

*NCORY,CHANGE NUMBER=10,0L0 SETwbskpO,SHIFT,NEW
SETenbskp,multiples3

0,
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INPUT FILE Bsk1as.ixt

3.5355,-3.7513, 0,3.3392,2.9958, 0,460.
*node,nsetanbskp

31400,,7,0

31401,,13,0

31402,,19,0

*nsat,nset=nbsk!

nbskp,blkpo

*NCOPY,CHANGE NUMBER=1C0C, OLn SET-nblki SHIFT NEU
SET=nbsk .

-0.6738,23.1562

*NCOPY,CHANGE NUMBER=2000,0LD SET=nbsk1,SHIFT NEW
SETw=nbsk
“~1.3476,46.3124

*NCOPY,CHANGE NUMBER=3000,0LD SET=nbski,SHIFT, HEW
SET=nbsk
«2.0213,69.4686

*HCOPY,CHANGE KUMBER=4000,0L0 SET=nbsk!l,SHIFT, NEW
SET=nbsk
-2.695!.92.6248

*NCOPY ,CHANGE NUMBER=5000,0LD SET=nbskl,SHIFT,NEW
SET=nbsk
-3.3689,115.7810

*nset,nsetsbsk

nbsk,nbskl

*ELEMENT, TYPE=C308R, ELSET-bskO

31001, 31025 31000,31001,3%038,31225,31200,31201,3
1238

31002, 31033 31001,31002,31051,31238,31201,31202, 3
1251

31003,31051,31002,31003,31064, 31251 31202,31203,3
1264

31004,33064,31003,31004,31077,31264, 31203,31204,3
1277

31005,31077,31004,31005,31090,31277,31204, 31205,3
1290
31006,31090,31005,31006,31103,31290,31205,31206,3
1303
31007,31103,31006,31007,31104,31303,31206,31207,3
1304
31019,31115,31018,31019,31102,31315,31218,31219,3
1302

31020,31102,31019,31020,31089, 31302 31219,31220,3
1289

31021 31089,31020,31021,31076,31259,31220,31221,3
1274
31022,31076,31021,31022,31063,31276,31221,31222,3
1263

31023, 31063 31022,31023,31050,31263,31222,31225,3
1250

31024 31050,3102},31024,31037,31250,31223,31225,3
1237
31025,31026,31025,31038,31039,31226,31225,51238,3
1239

*ELGEN,ELSET=bsk0

31007,12,1,1

31025,12,1,1,6,13,12

*ELcopy,element shift=1000,0ld set=bsk0, shift
nodes=1000,new SET=bsk

*ELcopy,element shift=2000,0ld |ot-h|k0 shife
nodes=2000, new SET=bsk

‘ELcopy,alemont shift=3000,0ld s.t-bsku,shift
nodes=3000, new SET=bhsk

*Elcopy,slement shift=4000,0lc set=bskO,shift
nodes=4000,new SETwbsk
*Elcopy,elemant shi{ft=35000,0ld getsbsk0,shift
nodess5000, new SET=bsk
*elget, elsetsbsk
bsk0 :
*ELEMENT,TYPE=B31,ELSETxpostc
31101,31031,31231
31102,31231,31400
31103,31400,3140%
31105,31402,32031
'ELENEHT TTPEI!31 ,ELSET»posth
3, 3!000 3te0Q -
31112,31200,31410
31113,31410, 31411
31115,31412,32000
*ELEMENT , TYPE=R31 ,ELSETxpostf
¥1121,31010,31210
31122,31210,31420
31123,31420,31421
31125,31422,32010
31131,31014,31214
31132,31214,31430
31133,31430,37431
31135,31432,32014
*ELEMENT,TYPE=B31,ELSET=posth
J1141,31624,31224
31142,31224,31440
31143,31440, 31441
- 31145,31442,32024
“ELGEN,ELSET=postc
31101, 4,1000,1000
31102,6,1000,1000
I1103,2,1,1,6,1000, 1000
31105,5,100¢, 1000
*ELGEN,ELSET=posth
31111,6,1000,1000
31112,6,1000, 1000
31113,2,1,1,6,17000,1000
31115,5, 1000, 1000
31149,6,1000,1000
31142,6,1000,1000
31143,2,1,1,6,1000,1000
31145,5,1000, 1000
*ELGEN,ELSET=postf
31121,6,1000,1600
31122,6,1000,1000
31123,2,1,1,6,1000, 1004
31125,5,1000, 1000
31131,5,1000,1000
31132, 6,1000, 1000
31133,2,1,1,6,1000,1000
31135,5,1000,1000
*elset,elset=ebik
posth,poatf poste
*SGLID SECTION, ELSETehgk, MATERIAL=bsk
*3EAM SECTION, ELSETspostc, MATERIAL=bskp,
SECTION=pipe
3.125,2.4375
*BEAM SECTION, ELSET=postf, MATERIAL=bskp,
SECTIONstrapezold
3.114,1.45,1.25,0
*ZEAM SECTION, ELSET=posth, MATERIAL=bskp,
SECTION=trapezoid
1.557,1.45,0,415,0
*MATERIAL ,NAME=bsk
*"DENSITY

Cc-23
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INPUT FILE Bsk1as.txt CSB-5-0073

01472 BSKSY, ZSYMN
*ELASTIC ** ond of file
28.E+06, .27 -
*PLASTIC

X0032.,0.0

100701.,0.293

101451.,0.300

102201.,0.307 .

*MATERIAL ,NAMNE=bskp

*DENSITY

,000735

*ELASTIC

28 E+04, .27

*PLASTIC

30032.,0.0

100701.,0.293

101451.,0.300

102201.,0.307

*giset, elset=bakbt, generate
31001,31024,1

*alset, el3et=bskb2, gensrate
32001,32024,1

*elget,elsetrbskbl, generate
33001,33024,1

*eiset,elset=bskbs, generate
34001,34024,1
*giset,elset=bskb5,generats
35001,35024,1

*elget,elaetchskbbd, generate
35001,36024,1

*alget,ulset=bskcl, generate .
31025,310946,1 ’
tei{get, eiset=bskc?, generate
32025,32096 1

*elset,elsetsbske3, generate
33025,330%6,1

*slset,elset=bskeéd, generate
34025,340%96,1 )
*elset,elset=bhskes, generate
35025,35096,1

*glget,elsetzbskcs, penerate
36025,36096,1 .
*nset,nset=BSKSY,generste
31000,346000, 1000 . :
31024 ,36024,1000 ‘ . _ -
3102%,31037,1

31225,31237,1

32025,32037 1

32225,32237,1

33025,33037,1

33225,33237,4

34025,34037,1

34225,34237,1

35025,35037,1

35225,3%5237,1

36025,34037,1

36225,36237,1

31400,36400,1600
31401,34401,1000

31402 ,34402,1000
31410,36410,1000
31411,34411,1000
31412,34612,1000
31440,38440,1000
31441,38441,%000
31442,348442, 1000

“BOUNDARY

- C-24
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INPUT FILE Mcos2.txt

**  NNCOB2.TXT®

nx 4 slements through thickness

** yith basket support plates off symm plane
** MCO model drop on lower right corner
*SYSTEM
3.630,-7.0, 0,
3.3392,2.9958,0 -
** NCO battom ring

*NODE

70015,10.3,0, 0

70135,11. 0125 2.01,0

*RGEN,NSET-HS

70015,70135,20

*NODE ,NSET=N3

70155,11.388,2.1564,0
70175,11.50,2.51,0

*HODE

70019,11.423,0,0
70079,11.93076,1.13,0

*NGEM,NSET=N&

70019, 70079, 20

*KODE

70099,12,1.423333,0

70139,12,2.01,0

70179,12,2.51,0

*NGEN,NSET=N4

7009%,70139,20

70139,70179,20

*NFILL,NSET=N34

N3, NG, 41

*NODE,NSET=N34

70019,11.394,0.0502,0

*NODE , NSET=ND2

70205,11.5,8.51,0

70209,12.0,8.51,0

*NGEM ,NSET=ND2

70205,70209,1

*NSET , NSET=ND1,GENERATE

70175,70179,1%

*NFILL NSET=n34

ND1,KD2,4,5

#* ghell (shell)

*NODE,nset=sb

70300,11.75,8.51,0

** MCO top ring

*NODE,nset=st

70575,11.75,148,0

*NODE,NSET=N34

70577,11.75,160,0

*NFILL,NSETaN34

sb,st, 276 1

*NCOPY, CHANGE NUMBERi1000 oL SET-NS& SHIFT,NEW
SEtsnco :

.0,

13.6258,-6.7092,0

- 3.630,-7.00, 0,3.3392,2.9958,0,3.75

*NCOPY, CHANGE NUMBER=2000,0LD SET=N34, SKIFT,NEW
SET=NCO

.0, )

3.630,-7.00, 0,3.3392,2.99¥58,0,7.5
*NCOPY,CHANGE NUMBER®3000,0LD SETuN34, SHIFT, MEW
SETsMCO

.0,

3.630,-7.00, 0,5.3392,2.9958,0,11.25
UCOPY , CHANGE KUMBER=4000,0L0 SETaN34,SHIFT NEW
SETWMCO.

.0,

3.430,-7.00, ©,3.3392,2,9958,0,15.

C-25

*NCOPY,CHANGE NUMBER=5000,0LD SETaN34,SHIFT,NEW
SET=MCO

0, )
3.4630,-7.00, 0,3.3392,2.9958,0,20.0
*NCOPY,CHANGE NUMBER=5000,0LD SET=N34,SHIFT,NEW
SETaMCO

«0,

X.630,-7.00, 0,3.3392,2.9958,0,25.0

*NCOPY, CHANGE NUMBER=7000,0L0 SET=N34,SHIFT,NEW
SET=MCO

0, .
3.430,-7.00, 0,3.3392,2.9958,0,30.0
*NCOPY,CRANGE NUMBER=8000,0L0 SET=N34,SHIFY,NEW
SET=MCO

,0,
3 630 -7.00, 0,3.3392,2.9958,0,37.5
*NCOPT CHANGE NUMBERIPOGO aLp SET'NSQ SHEFT ,NEW
SETHHCO

lol'

3.630,-7.00, 0,3.3392,2.9958,0,45.0
*NCOPY,CHANGE NUMBER=10000,0LD SET=N34,SHIFY, NEW
SET=KCO

s0,

3.630,-7.00, 0,3.3392,2.9958,0,560.0
*NCOPY,CHANGE NUMBER=11000,0L0 SET=N34, SHIFT,NEW
SET-HCO

.0,

3.630,°7.00, 0,3.3392,2.9958,0,75.0
*HCOPY,CHANGE NUMBER=12000,0L0 SET=N34,SHIFT, NEW
SET=MCO

<0,

3.4630,-7.00, 0,3.3392,2.9958,0,90.0

*NCOPY, CHANGE NUHBER=13000 OLD SETwN34,SHIFT,NEW
SEYHHCO

0 -

3.630,-?.00. 0,3.3392,2.9958,0,105.0

*NCOPY ,CHANGE NUMBER=14000,0LD SET=N34,SHIFT, NEW
SET=MCO

0

3.630,-7.00, 0,3.3392,2.9958,0,120.0

*NCOPY, CHANGE NUMBER=15000,0L0 SET=N34,SHIFT,NEW
SET=MCO

0,

3.630,-7.00, 0,3.3392,2.9958,0,135.0

*NCOPY ,CHANGE NUMBER=14Q00,0L0 SET=N34,SHIFT MEW
SET=MCO

0.

3.630,-7.00, 0,3.3392,2.9958,0,142.5
*NCOPY,CHANGE NUMBER=17000,0LD SET=N34, SHIFT NEW
SETaMLOD

lul

3.630,-7.00, 0,3.3392,2.9958,0,150.0

*NCOPY, CHANGE NUMBER=18000,0LD SETa=N34,SHIFT,NEW
SETaNCO

Iol

3.630,-7.00, 0,3.3392,2.9958,0,155.0

*NCDPY, CHANGE NUMBER=19000,0LD SET=N34,SHIFT NEW
SET=MCO

lof - *

3.630,-7.00, 0,3,3392,2.9958,0,160.0
*NCOPY,CRANGE NUMBER=20000,0LD SET=N34,SHIFT NEW
SETaNMCO

lof

3.630,-7.00, ©,3.3392,2.9958,0,165.9

*NCOPY, CHANGE NUMBER=21000,0LD SET=N3é,SHIFT, NEW
SET=MCO

0,
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INPUT FILE Mcos2.txt
3.630,-7.00, 0,3,3392,2.9958,0,168.75 ) beam, 90300, 90205
*NCOPY,CHANGE NUMBER=22000,0L0 SET=N34,SHIFT NEW beam,9?1300,91205
SETeMCO - beam 92300,92205
.0, beam,93300,93205
3.430,-7.00, 0,3.3392,2,9958,0,172.5 beam, 94300,95205
'RCOPY CKANGE NUHBER-ZBOOO OLD SET=N34&,SKIFT, NEH beam, 70300,70204
SET-MCO o ‘ beam,71300,71206
. . beam,72300,72206

3.630,-7.00, 0,3.3392,2.9958,0,176.25 beam,73300,73206
*HCOPY,CHANGE NUMBER=24000,0LD SET=NI4 SHIFT NEW besm, 74300,74206
SET=MCO beam,75300,75206
L0, beam, 76300,74204
3.630,-7.00, ©,3.3392,2.9958,0,130 beam, 77300,77206
*NODE beam, 78300,78206
70000,1.25,0,0 beam, 79300, 79204
70060,1.25,1.13,0 beam, 80300, 80206
*NGEN,NSET=N1 beam,81300,81206
T70000,70050,20 beam, 82300, 822056
*NODE beam,83300,83206
70120,2.13,2.01,0 beam,84300,84206
*NGEN,NSET#N1 bear,85300,85206
70040,70120,20 beam,86300,86206
*NCOPV CHAMGE NUNBER=1000,0L0 SET=N1,SHIFT NEW beam, 87300, 87206
SET=N1,MULTIPLE=24 beam, B8300, 88206

.0, . beam,89300,89208
3.630,-7.00, 0,3.3392,2.9958,0,7.5 beam, $0300,90206
*NSET NSET=N2,GENERATE beam,$1300,91204
70015,94015,1C00 beam, 92300,92204
7003%,94035, 1000 beam,93300,93206
70055,94055, 1000 beam, §4300, 94206
70075 ,94075, 1000 pin, 70300, 70207
70095 ,94095, 1000 pin, 73300, 71207

70115,94115,1000
70135,96135,1000

*NFILL, NSETIN12 BIASaT. 01

N1,N2, 15 1

'ELEHENT TTPEICSDSR ELSET=MCOB
70001, 70000 , 70001, 71001 71000, 70020, 70021,71021,7
1020
70160,70175,70175,71176,71175,70180,70181,71181,7
1180

*ELGEN,ELSET=MCOB

70001, 19 1,1,6,20,20,24,1000, 1000
70116,2, ZU 20
70136,4,1,1,2,20,20,24,1000,1000
70160.4.1.1.6.5,4,24,1000, 1000
*mpe

beam, 70300, 70205

beam, 71300, 71205

beam, 72300,72205
beam,73300,73205

beam, 74300,74205
beam,75300,75205

beam, 76300,74205
beam,77300,77205
beam,78300,78205

beam, 79300, 79205

beam, 80300, 80205
beam,81300,81205

beam, 82500,82205
beam,83300,83205

beanm, 84300,584205

beam, 85300,85205

beam, 846300, 86205
beam,87300,87205
beam,83300,88205

beam, 89300, 89205

C-26

pin, 72300, 72207
pin, 73300, 73207
pin, 74300, 74207
pin,75300,75207
pin, 76300, 76207
pin, 77300,77207
pin,78300,78207
pin, 79304, 79207
pin,80300,80207
pin,81300,81207
pin,82300,82207
pin,83300,83207
pin,84300,84207
pin,85300,85207
pin,B&300, 88207
pin,87100,87207
pin,88300,88207
pin,89300,89207
pin,90300,90207
pin,91300,91207

- pin,¥2300,92207

pin,93300,93207

pin, 94300,94207

beam, 70300,70208
beam,71300,71208
beam, 72300,72208
beam, 73300,73208
beam, 74300, 74208
beam, 75300, 75208
beam,756300,746208
beam, 77300,77208
beam, 78300, 78208
beam, 79300, 79208
beam, 803060,80208
beam,31300,81208

SNF-5204, Rev. 1
CSB-5-0073




beam,82300,82208
beam,83300,83208
beam,84300,84208
beam,85300,85208
beam, 84300 ,85208
beam, 87300, 87208
beam,83300,88208
beeam,89300,89208
beam, 90300,90208
beam,91300,91208
beam,$2300,92208
beam, $3300,93208
beam, $4300,94208
beam, 70300, 70209
beam, 71300,71209
beam, 72300,72209
beam, 73300,73209
beam, 74300,74209
beam, 75300,75209
beam, 76300, 76209
beam, 77300, 77209
beam, 78300, 78209
beam, 79300, 79209
beam, 80300, 80209
beam,81300,8120%
beam, 82300,82209
beam, 83300, 83209
beam, 84300, 84209
besm, 85300,85209
beam, 86300,86209
beam,87300,8720%
beam,833060,8820¢9
beam,B9300, 89209
beam, 0300, 90209
beam,91300,91209
beam,§2300,92209
beam,93300,93209
beam, 94300,94209

®ELEMENT, TYPE=S4RS ,ELSET=NCOPL
70300,70300,71300,71301, 70301

*ELGEN,ELSET=NCOPL
70300,277,1,1,24,1000, 1000
** MCO beottom center
*NODE
60000,-1.08,0,0
65000,-.7637,0,~.7637
*NGEN,NSET=L1
60000,64600,1000
*NODE

60012,1.08,0,0
&6012,.7637,0,-.7637
“NGEN,NSET=L2
60012,66012,1000
*NODE

60006,0,0,0
646006,0,0,-1.08
*NGEN,NSET=L3
60006,645006,1000
*NFILL,NSETaL12
L1,L3,6,1

L3,L2,6,1

*NCOPY,CHANGE NUMBER=50,0LD SET=L12,SRIFT NEW

SEr=L13 :
+0.0254,0.8796,0

*NFILL,NSETeL1%
Liz,113,3,20

SNF-5204, Rev. 1
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INPUT FILE Mcos2.txt

*ELEMENT, TYPEwC3DBR, ELSET =sMCOB
60101,60000,60001,51001,61000,40020,60021,61021,6
1020 -
*ELGEN,ELSET=MCOB

£0101,12,1,1,6,1000,12,%,20,72

*ELEMENT, TYPE=C3D8R,ELSET=EB]
60001,£0012,70000,71000,61012,60032, 70020, 71020, 6
1032 .

*ELGEN, ELSET=ER2

&0001,6,1000,1,3,20,6
*ELEMENT , TYPE=C3D8R,ELSET=E£@3
60019,66012,76000,77000,465011,65032,76020,77020, 6
6031
$0020,66011,77000, 78000, 65010,46031,77020, 78020, 4
6030

£0021,64010, 78000, 79000, 66009, 66030, 78020, 79020, 6
5029 .

60022,64009, 79000,80000, 66008,65029, 79020,80020,6
6028

60023, 66008, 80000,81000, 68007, 64028, 80020, 81020,6
&027

60024,65007,81000,82000, 686006,46027,81020, 82020, 6
6026

60025, 65004 ,82000, 83000, 65005, 56024, 82020, 83020, 6
4025

60026, 66005 ,83000, 84000, 55004, 44025,83020,84020,6
6024
60027,46004,84000, 85000, 66003, 66024, 84020,85020,6
6023

460028, 66003, 85000, 85000, 56002, 646023, 85020,85020,6
6022

60029, 56002, 856000, 87000, 66001, 66022, 86020, 87020,6
6021

%0030, 46001, 87000, 88000, 65000,64021,87020,88020,6
£020

- 60031, 66000, 83000, 89000, 65000, 66020, BB02C, 9020, 6

5020 :
60032,65000, 89000, 90000, 64000,65020, 89020,90020,6
4020 : .
60033, 44000, 90000, 91000, 63000, 64020,90020,91020,6
3020

60034 ,63000,91000, 92000, 62000, 63020,91020,92020,6
2020
40035,62000,92000,93000, 61000, 62020,92020,93020,6
1020 -
60016,61000,93000, 94000, 60000,61020,93020,94020,6
0020

*ELCOPY,ELEMENT SHIFT=18,0LD SET=EB3,SHIFT
NODES=20, NEW SET=EB4

*ELCOPY,ELEMENT SHIFTw13,0LD SET=EB4,SHIFY
NODES=20, NEW SET=EBS

*ELSET,ELSET=MCOB

€82,EB3,ER4,EBS

»* MCO top center

*NODE

50000,-10.8,148,0

56000,-9.3,148,-5.4

“NGEN,NSET=T1

50000,56000, 1000

*NODE

50012,10.8,148,0¢

56012, 9.3,148,-5.4

*NGEN,NSET=T2

50012,56012,1000

*NODE

50006,0,148,0

56006,0,148,-10.8
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INPUT FILE Mcos2.txt
“NGEN , NSETaT3 70019, 82019, 1000
50004,540056,1000 70039,82032, 1000
*NFILL NSETST12 70059, 82059 1000 -
71,73,6,1 7007%,8207¢9,1000
13,712,6,1 70099,82099,1000
'NCOPY CHANGE NU"BER-ZU oLD SETST12 SHIFY NEW 70119,82119,1000
SET=T13 70139, 82139, 1000
-0.3490,11.9949,0 “ELSET,ELSET=MCOTR
' 70576
*ELEMENT, TYPE=C3D8R , ELSETuMCOT *ELSET, ELSET'HCDTL
604601, 50000,50001,5100%,51000,50020,50021,51021,5 93574 .
1020 ***ELSET ,ELSET#NCOSF,GENERATE
*ELGEN ,ELSET=MCOT **70202,70215 1
60601,12,4,1,6,1000,12 “+71202,71215 1
*ELEMENT, TYPE=C3D8R,ELSET=ER11 *w72202,72215 .1
50001, 50012, 70576, 71576, 51012, 50032, 70577, 71577, ~*73202, 73215, 1
1032 *NPL202,74215 1
“ELGEN, ELSET=ER11 *%75202,75215, 1
50001,6,1000, 1 7620276215 1
*ELEMENT, TYPE=C3DER,ELSET=ER12 wn77202,77215,1
50007,56012,76576,77574,56011,56032,76577,77577,5 **73202,78215,1
6031 whP9202,79215,1
$0008,56011, 77576, 78576, 56010, 56031, 77577, 78577, 5 *» ydd basket support plates
4030 ) . *node
50009,56010, 78574, 79576, 56009,56030, 78577, 795775 40140,0.5,2.01,0
6029 ] 40200,0.5,3,25,0
50010,556009, 79576,80576,54008,56029,79577,80577,5 40154,11.00,2.01,0
4028 40214,11.00,3.25,0
50011,56003,50576,81576,56007,56025.30577,81577,5 *ngen, nset=bspl

6027
50012,56007,81576,82576,56006,56027,81577,82577,5
6026 .
50013,56006,82576,83576,56005,56026,82577,83577,5
4025

50014 ,56005,83575,B4576,56004,56025,83577,84577, 5

:gg?s 56004 ,84576,85576,56003,56024,B4577,85577,5
:gg:‘:b 56003,85576,846576,56002, 56023 85577,86577,5
;ggff 56602 BASTH,B7574,56001,56022, 8657? a7577,5
;gg:a £6001,87576,88574,54000,56021, 87577 88577,5
§§§E9 56000,88576,89574,55000,56020,88577,89577,5

50020,55000,89576,90576,54000,55020,89577,90577,5

4020
50021,54000,905746,91574,53000,54020,90577,91577,5
3020

50022, 53000 $1576,92576, 52000 53020,91577,92577,5
2020

50023,52000,92576,93576,51000, 52020, 92577 93577,5
1020

50024 ,51000,93575,94576,50000,51020,93577,94577,5
0020

*ELSET,ELSET=MCOT

EB11,E812

LA

*ELSET,ELSET=MCOBE, GENERATE
70019,82019, 1000
70018,82018, 1000
70017,82017, 1000
70016,82016, 1000
70015,82015, 1000
7001482014, 1000
*ELSEY,ELSET=MCOBF, GERERATE

c-28

40140,40200,20
*ngen,nset=bsp2
40154,40214,20
*NCOPY CHANGE NUMBER-1000 oLe SET'bsp1 SHIFT, NEW
$ET=bspl

,0,
3.630,-7.00, 0,3.3392,2.9958,0,0
*NCOPY,CHANGE NUMBER=2000,0L0 SET=bspl,SH!FT,NEW
SET=bsp3

vor
3.630,-7.00, 0,3.3392,2.9958,0,30
*NCOPY,CHANGE NUMBER=3000Q,0LD SETsbspi,SH!FT NEW
SET=bsp3

voo
3.630,-7.00, 0,3.3392,2.9958,0,60

*NCOPY ,CHANGE NUMBER=4000,0LD SETabspl,SHIFT, NEW
SET=hspd

Jof

3.630,-7.00, 0,3.3392,2.9958,0,60

*NCOPY ,CHANGE NUNBER=5000,0L0 SETsbspl,SHIFT NEW
SET=bsp3

.0,

3 630,-7.00, 0,3.3392,2.9958,0,90

*NCGFY CHANGE NUMBEIIbODD DLD SEle!p1 SHIFT NEW
SET-bspS

[ 0, .

3.430,-7.00, 0,3.3392,2.9958,0,120

*NCOPY,CHANGE NUMBER=7000,0LD SET=bsp1,SHIFT,NEW
$ET=bapl ’

.0,

3.630,-7.00, 0,3.3392,2.9938,0,120
*NCOPY,CHANGE KUMBER=8000,0L0 SET=bspi,SKIFT, NEW
SET=bap3

.0,

3.630,-7.00, 0,3.3392,2.9958,0,150

*NCOPY ,CHANGE NUMBER=9000,0LD SET=bspl,SHIFT,NEY
SET=bap3

!ol




APPENDIXC SECTION TWO

INPUT FILE Mcos2.ixt
3.430,-7.00, 0,3,3392,2.9958,0,180 41140,41154, %
*NCOPY,CHANGE NUMBER=1000,0LD SET=bsp2,SHIFT NEW 42140,42154,1
SET=hspd - 43140,43154,1
,0, 44140,44154,1
3.630,-7.00, ©,3.3392,2.9958,0,28,69805 45140,45154, 1
*NCOPY, CHANGE NUMBER=2000,0LD ssr-bspz SHIFT,NEW 46140,48154,1
sET:bsp# 47140,47154 1

.0, 48140,4B154,1

3.430,-7.00, o,s.ss9é,z.9§ss.o,3o

*NCOPY, CHANGE NUMBER=3000,0L0 SETabsap2,SHIFT, NEW
SET=bspé

0,

3.450,-7.00, 0,3.33%2,2.9958,0,%1,30195
*NCOPY,CHANGE NUMBER=4000,0LD SET=bsp2,SHIFT, NEW
SET=hspé

,0

3.630,-7.00, 0,3.3392,2.9958,0,88.49805

*NCOPY ,CHANGE NUMBER=S000,0LD SETwbsp2,SHIFY,NEW
SETsbspé

.0,

3.630,-7.00, 0,3.3392,2.9958,0,90

*NCOPY ,CHANGE NUMBER=AQDD,OLD SETabap2,SHIFT,NEW
SETsbapt

lu'

3.630,-7.00, 0,3.3392,2.9958,0,91.30195

*NCOPY, CHANGE NUMBER=700Q,0LD SETwbsp2,SKIFT, NEW

SET-bsp6

3 630 +7.00, 0,3.3392,2.9958,0,148,69805

*NCDPY CHANGE NUHBER-BDOD OLD SET=bsp2,SHIFT, NEW
SET-bsp4

foi N

3.630,-7.00, 0,3.5392,2.9958,0,150

*NCOPY ,CHANGE NUMBER=9000,0LD SET=bsp2,SHIFT NEW
SET=bspé

,0,

3.630,-7.00, 0,3.3392,2.9958,0,151.30195
*nset,nset=bspl

bapl

*nset,nset=baph

bsp2 .

*nfill,nsetsmeco

bspd, bsph, 14,1

*ELEMENT TYPE-C3DBR ELSET»bsp

97001, 41140 41149, 42141 42140,41160,4716%,42161,4

2160

Q7101,42140,62141,43141,43140,62160,42161,43161,4
3160

*ELGEN,ELSET=bsp
97001,14,1,1,3,20,14,3,3000,200
97101,14,1,1,3,20,14,3,3000, 200

‘II'IPC

Link,%3140,44140

Vink, 43160,44160

Link,43180,44180

Link,43200,44200

1ink,48140,47140

link,44160,47140

Link,46180,47180

link,46200,47200

*ELSET, ELSET=MCOSL

MCOT, MCoa

*SOLID SECTION, ELSEYaMCOSL, MATERLAL=55304
*SHELL SECTION, ELSETIHCUPL, MATERIAL=55304
0.5

*SOLID SECTION, ELSET=bsp, HATERIAL'SSSO4
*nset nset-bspb,generate

49140,49154,1

*nset ns-t-bspt gensrate

41200,41214,1
42200,42214,1
43200,43214,1
44200,64214,1
45200,45214,1
46200,648214,1
47200,47214,1
48200,48214,1
49200,49216,1
*NSET,NSET=MCO

N34,58,5T,N12,L14,T12,T13

bspt,bspb
*ELSET, ELSETsNCO
MCOPL, MCOSL, bap

*elset,elsetsmcobt, generate

76101,93101, 1000
70102,93102, 1000
70103,93103, 1000
70104,93104, 1600
70105,93105, 1000
70106,93106, 1000
70107,93107, 1000
70108, 93108, 1000
70109,93109, 1000
70110,93110, 1000
70111,93111,1000
70112,93112, 1000
70113,93113, 1900
70114,93114, 1000
70115,93115, 1000

velset, elset=mecs(,generate

70134,93134, 1000
70156,93158, 1000
70160, 93160, 1000
70164 ,931464,1000
70168,93148, 1000
70172,93172, 1000
70176,93176,4000
7018¢,93150, 1000

*NSET,NSET=MCOSY,GENERATE

70000,70999,1
94000, 94999,1
50000,56999,1
60000, 609%%,1
79140,79200,20
*BOUNDARY
MCOSY, 2SYMM
** end of file

SNF-5204, Rev. 1

CSB-S8-0073
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INPUT FILE Service.txt

wwgervice station
L 1] .

** Shield Hateh Ring definition
W

*sysrem

0,-10.0,0

*NGDPE ,NSET=HATCH
100,14.815,0,0
120,14.815,0.38,0
$00,17.25,10.0,0
114,27.875,0,0
340,16.2375,6.0,0
354,29.5,6.0,0
359,33.125,6.0,0
519,34.25,10.0,0 -
*NGEN,NSET=HATCH

120,500,20

114,354, 20

354,359,1

500,519,1

340,354 ,1
*NSEY,NSEY=SSN1,GENERATE
100,340,20 -
*NSET,NSET=5SN2,GENERATE
114,354, 20

"NFILL,NSET=RATCH
SSN1,SSN2,14,1
*NSET,NSET=SSN3,GENERATE
340,359,1
*NSET,NSET=S5N4,GENERATE
500,519,1
*NFILL,NSETuHATCH

S5N3,58N4, 8,20 ‘
*NCOPY, CHANGE NUNBER-1000,0LDSEt!HATCH,SH[FT

0,-10,0, 0,10,0,3.75
*NCOPY,CHANGE NUMBER=2000,0LDSET=NATCH, SHIFT

0,-10,0, 0,10,0,7.5
*NCOPY CHANGE NUHBERBSDOO OLOSET=HATCH,SKIFT

¢,-10,0, 0,10,0,11.25
*NCOPY ,CHANGE NUMBER=4000,OLDSET=HATCH, SHIFT

Q,-10,0, 0,10,0,15.
*NCOPY ,CHANGE NUMBER=5000,0LDSET=NATCH,SHIFT

Q,-1¢,0, 0,10,0,20.0
*NCOPY ,CHANGE NUMBER=6000,CLDSET=HATCH,SHLFT

0,-10,0, 0,10,0,25.0

*NCOPY ,CHANGE NUMNBER=7000,0LOSET=HATCH,SHIFT

o,-10,0, 0,10,0,30.0
*HCOPT CHANGE HUHBER'BOOO OLDSET-HATCH SHIFT

o,-10,0, 0,10,0,37.5
*NCOPY ,CHANGE NUMBERa9000,0LOSET=HATCH,SHIFT

Q,-10,0, 0,10,0,45.0
*NCOPY ,CHANGE NUMBER=10000,CLDSETaHATCH,SHIFT

0,-10,0, 0,10,0,80.0
*NCOPY,CHANGE NUMBER=11000, OLDSET=HATCH,SHIFY

6,-10,0, 0,18,0,75.0

C-30

—

*NCOPY,CHANGE NUMBER=12000,0LDSET=NATCH,SHIFT

¢,-10,0, 0,10,0,90.0
"HCOPY,CHANGE NUMBER=1300D0,CLDSET®HATCH, SHIFT

0,-10,0, 0,10,0,105.0
‘ICDPY CHANGE NUMBERI14000 OLD!ETIHATCH SHIFT

Q, 10 0, 0,10,0,120.0 )
'NCOPY,CHA&GE NUMBER=15000,0LDSET=HATCH, SHIFT

¢,-10,0, 0,10,0,135.0
*NCOPY,CRANGE NUMBER=16000,0LDSET=HATCH, SHIFT

'0,-10,0, 0,10,0,142.5

*HCOPY,CHANGE NUNBER=17000,0LDSET=HATCH, SKIFT

0,-10,0, 0,10,0,150,0
*KCOPY ,CHANGE NUKBER=18000,0LOSET=KATCH,SHIFT

0,-10,0, €,10,0,155.0
*NCOPY,CHANGE NUMBER=19000,0LOSET=HATCH, SHIFT

¢,-10,0, 0,10,0,160.0
*NCOPY,CHANGE NUMBER=20000,OLDSET=HATCH,SHIFT

0,-10,0, 0,10,0,145.0
*NCOPY ,CHANGE NUMBER=2100D,0LDSET=KATCK,SHIFT

0,-10,0, 0,10,0,168.75
*NCOPY,CHANGE NUMBER=22000,0LDSET=HATCH,SHIFT

0,-10,0, 0,10,0,172.5
*NCOPY,CHANGE NUMBER=23000,0LDSETaRATCH,SKIFT

0,-1¢,0, 0,10,0,176.25
"NCOPY,CHANGE NUMBER=24000,CLDSET=HATCH, SHIFY

0,-10,0, 0,10,0,180.

*ELEMENT, TYPE=C3DBR, ELSET=HATCH
1,100,101, 1101,1100, 120,121, 1421,1120
*ELGEN,ELSET=HATCH
1,20,20,1,16,1,20,24,1000, 1000
*ELEMENT, YYPE=C3DBR, ELSET=HATCH
281,354,355,1355,1354,374,375,1375,1374
“ELGEN,ELSET=HATCH
281,8,20,1,5,1,8,24,1000, 1000

"

** Element sets for surfaces
e
*ELSET,ELSET=FLSI,GENERATE
1,20,1

10014, 1020,1

2001,2020 1

3001,3020,1

4001,4020,1

5001,5020,1

4001,6020,1

7001-,7020,1

8001,8020,1

00%,9020,1

L 2]

-l

¢* MCO Guide definition

1]
*zystem
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INPUT FILE Service.ixt

0,-18.81,0

*NODE
520,14.905,0,0
533,20.75,0,0
534,14.905, .5,0
547,20.75,.5,0 .
548,13.315,1.0,0 -
549,14.11,1.0,0
550,14.905,1.0,0
$63,20.75,1.0,0
564,13.315,1.25,0
579,20.75,1.25,0
772,15.125,6.0,0.0
787,20.75,8.0,0
*NGEN

520,533,1
534,547, 1
550,563, 1

*NGEN, NSET=SSNS
564,579,1

*NGEN, NSET=SSNG
772,787,1

*NFILL

SSNS,S5N6, 13,16
L]

** Adjust node coordinatas to correct element
angles
L 1]

*NODE

565,14,11,1.25,0

*NGEN

565,579.1

*NSET,NSET=GUIDE , GENERATE

520,787,1

*NCOPY,CHANGE NUMBER=1000,0LDSET=GUIDE,SHIFT

0,-10,0, 0,10,0,3,75
*NCOPY,CHANGE NUMBER=2000,0LDSETwGUIDE,SHIFT

0,-10,0, 0,10,0,7.5
*NCOPY,CHANGE NUMBER»3000,0LDSET=GUIDE,SRIFT

0,-10,0, 0,10,0,11.25
*HCOPY,CHANGE NUMBER=4000,0LDSET=GUIDE,SHIFT

0,-10,0, 0,10,0,15.
“NCOPY, CHANGE WUMBER=3000,0LDSET=GUIDE,SKIFT

0,-10,0, 0,10,0,20.0
*NCOPY,CHANGE NUMBER=4000,0LDSET=GUIDE,SKIFT

0,-10,0, 0,10,0,25.0
*NCOPY ,CHANGE NUMBER=7000,CLDSET=GUICE, SHIFT

0,-10,0, 0,10,0,30.0
*NCOPY,CRANGE NUNBERIBOOO.DLDSETSGUIDE,SHIFT

-10,0, 0,10,0,37.5
‘NCOPY CHANGE NUHBER‘PDOO OLDSETSGUIDE SHIFT

-10,0, 8,10,9,45.0
*NCOPT CHANGE NUMBERI10000 OLOSET=GUIDE,SHIFT

-10,0, 0,10,0,60.0
'NCOPY CHANGE NUMBER-11000 OLDSET=GUIDE, SHIFT

0,-10,0, 0,10,0,75.0

C-n

*NCOPY ,CHANGE NUMBER=72000,0LDSET=CUIDE , SHIFT

¢,-10,0, 0,10,0,90.0 -
*NCOPY,CHANGE NUMBER=13000,0LDSET=GUIDE, SHIFT

0,-10,0, 0,10,0,105.0
*NCOPY,CHANGE NUMBER=14000,0LDSET=GUIDE, SHIFT

-10,0, 0,10,0,120.0
*NCOPY CHANGE NUHBER'15000 ;OLDSETwGUIDE, SHIFT

0,-10,0, 0,10,0,135,0
*NCOPY,CHANGE NUMBER=16000,0LDSET=GUIDE, SHIFT

9,-10,0, 0,10,0,142.5
*NCOPY, CHANGE NUMBER=17000,0LOSET=GUIDE, SHIFT

0,-10,0, 0,10,0,150.0
*NCOPY,CHANGE NUMBER=18000,0LDSET=CUIDE, SHIFT

0,-10,0, 0,10,0,155.0
*NCOPY, CHANGE NUMBER=19000,OLDSET=GUIDE, SHIFT

¢,-10,0, 0,10,0,160.0
*NCOPY, CHANGE NUMBER=20000, OLDSET=GUIDE, SHIFT

0,-10,0, 0,%0,0,145.0
*NCOPY,CHANGE NUMBER=21000,0LDSET=GUIDE, SHIFT

0, 10 0, 0,10,0,158.75
*NCDPY CKANGE NUMBER=22000, OLDSET'GUIDE SHIFT

0,-10,0, 9,10,0,172.5 ‘ ,
*NCOPY, CHANGE NUMBER=23000, OLDSET=GUIOE, SHiFT

¢,-10,0, 0,10,0,176.25
"NCOPY,CHANGE NUMBER=24000,0LDSET=GUIDE,SHIFT

0,-10,0, 0,10,0,180.

*ELEMENT, TYPE=C3DBR,ELSET=GUIDE
584,520,521,1521,1520,534,535, 1535, 1534
*ELGEN,ELSET=CUIBE
584,13,1,1,26,1000,1000
"ELEMENT,TYPE=C3DBR,ELSET=GUIDE
598,534,535, 1535, 153,550,551, 1551, 1550
*ELGEN,ELSET=GU10E
598,13,1,1,24,1000, 1000

*ELEMENT, TYPE=C3D8R, ELSET*CUIDE
612,548,549,1549, 1548,584,565, 1565, 1564
*ELGEN,ELSET=GUIDE
612,15,1,1,14,16,16,24,1000, 1000

L L]

** Element sets for surfaces
L4

*ELSET,ELSETaGS1, GENERATE
612,820,186

1612,1820,16

2612,2820,16

3812,3820,16

£612,4820,16

5612,5820,16

6612,6820,16

7612,7820,16

8612,8820, 16

9612,9820,14
*ELSET,ELSET=GSB1

612,613




1612,1613
2612,2613
3692,3513
4612,4613
5612,5813
6612,6613
7612,7613
8412,8613
9612,9613
10612, 10613
11612, 11613
12612, 12613
13612,13413
14612, 14613
15612,15613
16612, 16613
17612,17613
18612,185813
19612,19613
20612,20613
21612,21613
22612,22613
23612,23613

24612,246613

*ELSET,ELSET2GS82
598,584
1598, 1584
2598, 2584
3558, 3584
4598,4584
5598,5584
£598, 6584
7598, 7584
8598, 8584
$598,9584
10598, 10584
11598, 11584
12598, 12584
13598, 13584
14598, 14584
15598, 15584
16598, 16584
17598, 17586
18598, 18584
19598, 19584
20598,20584
21598,21584
22598, 22584
23598, 23584
24599,24584

*ELSET,ELSET=6SB3, GENERATE

584,597, 1
1584,1597,1
2584 ,2597, 1
3584,3597,1
4584,4597,1
5584,5597,1
6564 ,6597,1
7584,7597,1
8584, 8597, 1
9584, 9597, 1
10584, 10597, 1
11584,11597,1
1258412597, 1
13584, 13597, 4
14584, 14597, 1
15584, 15597, 1

APPENDIX C SECTION TWO
INPUT FILE Service.txt

18584,16597, 1
17584,17597,1
18584, 48597, 1
19584 ,19597, 1
20584, 20597, 1
21584,21597,1
22584,22597, 1
23584 ,23597,1

26584, 24597,

*SYSTEM
0,-17.31,0,

i

** Cask Dafinition
b 2 ]

*NODE
820,12.125,-4.87,0
824,12.125,-10.87,0
*HNGEN ,NSET=CASX
820,824,

*NODE
825,12.75,-.5,0
831,12.75,-6.4281,0

835,12.595,-11,2023,0

837,12.95,+13.0,0
*NGEN,NSET=CASK
825,831,1
831,835,1
835,837,1

*NODE
840,13.75,-.5,0
852,13.75,-13.0,0
*NGEN, NSETHCASK
840,852, 1

- *NODE ,NSET=CASK

855,14.88,-.5,0
856,14.88,+1.5,0
867,14.88,-13.0,0
*NGEN, NSET=CASK
856,867,1

*NODE
871,15.9,-1.5,0
882,15.9,-13.0,0
*NGEN,NSET=CASK
a71,882,1

*NODE

886, 16.905,-1.5,0
897,16.905,-13.0,0
*NGEN,NSET=CASK
886,897,1

*NODE
901,17.905,-1.5,0
912,17.905,-13.0,0
“NGEN  NSET=CASK
$01,912,1

*NODE
916,18.905,-1.5,0
927,18.905,-13.0,0
*NGEN, NSET=CASK
914,927,1

"NODE
©31,19.905,-1.5,0
942,19.905,-13,0,0
*NGEN ,NSET=CASK
931,942,1

SNF-5204, Rev. 1
CSB-S-0073

** Adjust nodes for bevel at top of cask

*NODE  NSET=CASK
825,13.25,-.5,0
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INPUT FILE Service.ixt

826,12.9833,-1.5,0
827,12.75, 2 375,0
'HCOPY CHAHBE HUHBEI81ODD OLDSET=CASK, SHIFT

0,-10,0, 0,10,0,3.75
*NCOPY, CHANGE NUNBER=2000,0LOSETCASK, SHFT

0,-10,0, O, 10 0, ? 5
'HCDPT CHANEE NUHBERISOUO DLDSET-CASX SHIFT

0,-10,0, 0,10,0,11.25
*NCOPY,CHANGE NUMBER=4000,0LDSET=CASK, SHIFY

0,-10,9, 0,10,0,15.
*NCOPY,CHANGE NUMBER=5Q00,0LDSET®CASK,SHIFT

0,-10,0, 0,%0,0,20.0
*NCOPY,CHANGE NUMBER=4000,0LOSET=CASK, SHIFT

0,-10,0, 0,10,0,25.0
*HCOPY , CHANGE NUMBER=7000,0LDSETSCASK, SHIFT

10 e, 0,10,0,30.0
‘NCOPY CHANGE NUMSER!SOOO QLDSETaCASK, SHIFT

6,-10,0, 0,10,0,37.5
*NCOPY,CKANGE NUMBER=9000,0LDSET=CASK,SHIFT

9,-10,0, 0,10,0,45.0
*NCOPY, CHANGE NUMBER=10000,0LDSET=CASX, SHIFT

0,-10,0, 0,10,0,60.0
'HCUPY CHANGE NUHBERI11OOU OLDSET CASK,SHIFT

6,-10,0, 0,10,0,75.0
*NCOPY,CHANGE NUMBER=12000,0LDSET=CASX,SHIFT

¢,-10,0, 0,10,0,90.0
*NCOPY, CHANGE NUMBER=13000,0LDSET=CASK,SHIFT

0,-10,0, ©,10,0,105.0
*NCOPY, CHANGE NUMBER=14000,0LDSET=CASX, SHIFT

0,-10,0, 0,10,0,120.0
*HCOPY CHANGE HUHBER'15000 OLDSET-CASK SHIFY

-10,0, 0,10,0,135.0
*NCOPY CHANGE HUHBER-16000 OLDSET=CASK, SHIFT

g,-10,0, 0,10,0,142.5
*NCOPY CHANGE HUMBER*ITUOD OLDSET=CASK, SHIFT

0,-10,0, 0.10,0,150.0
*NCOPY,CHANGE NUMBER=1800C,0LDSET=CASK,SHIFT

0,-10,0, 0,10,0,1%55. 0
*NCOPY,CHANGE NUMIER=19OOU OLDSET-CASK SHIFT

0,-10,0, 0,10,0,1560.0
*NCOPY, CHANGE WUMBER=20000,0LDSET=CASK,SHIFT

0,-10,0, 0,10,0,165.0
'NCOPT CHANQE HUHSER!21000 DLDSETSCASK SHIFT

0,-10,0, 0,10,0,148.75
*NCOPY,CHANGE NUMBER=22000,0LDSET=CASK,SHIFT

C-33

0,-10,0, 0,10,0,172.5
*NCOPY, CHANGE NUMBER=23000,O0LDSET=CASK,SHIFT

0,-1¢,0, 0,10,0,176.25
*NCOPY,CHANGE NUMBER=24000, OLDSET=CASX,SHIFT

0,-10,0, 0,10,0,180.
e .
-e

*ELEMENT, TYPE=C308R, ELSETCASK
501,821,832,1832,1821,820,831, 1831, 1820
SELGEN, ELSETRCASK
501,4,1,1,24,1000, 1000

*ELEMENT, TYPE=C308R , ELSET=CASK
505,826,841, 1841,1826,825,840, 1840, 1825
*ELGEN, ELSET=CASK
505,12,1,1,2,15, %2, 24,1000, 1000
*ELEMENT, TYPE=CIDBR ,ELSETCASK
529,857,872,1872, 1857,856,871, 1871, 1854
*ELGEN,ELSET=CASK
529,11,1,1,5,15, 11,24, 1000, 1000

-

** Element set for surface
i
“ELSET,ELSET=CAI1, GENERATE
505,510,1
201,504,19
515,516,1
1505,1510,1
1501,1504,1
1515,1518 .1
2505,2510 1
2501,2504,1
2515,2516 1
3505,3510,1
3501,3504,1
3515,3516,1
4503,4510,1
4501,4504,1
4515,4518 1
3505,5510,1
5501,5504,1
5515,5516,1
4505,6510,1
6501,6504,1
6515,6516,1
7505,7510,1
7501,7504,1
T515,7514,1
8505,8510,1%
B501,8504,%
8515,8514,1
9505,9510,1
9501,9504,1
9515,9515,1
*ELSET,ELSET=CAIZ
501

1501

2501

3501

4501

5501

6501

7501

8501

9501
*ELSET, ELSET-CA13
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APPENDIX C SECTION TWO CSB-S-0073
INPUT FILE Service.txt . .
504 4529,4573,11
1504 5529,5573,11 .
2504 6529,6573, 11
3504 75297573, 11
4504 8529,8573,11
5504 9529,9573,11
6504 10529,10573,11
7504 11529,11575,11
8504 12529,12573, 11
9504 13529,13573, 11
“ELSET ELSET=CAT! :;;gg,:g;;;,}:
505,517 ' .
1505,1517 16529, 16573, 11
2508,2517 17529,17573, 11
3505,3517 18%29,18573,11
4505,4517 19529,19573,11
5505,5517 20529,20573,11
6505,6517 21529,21573, 11
7505,7517 22529,22573,11
8505,8517 23529,23573,1%
9505,9517 36529,2A573,11
10505,10517 »
11505,11517 :: Set boundary conditions
12505,12517
13505,13517 ::gE;z:S$l-FSYH,GEHERATE
14505, 14517 ,942,
15505, 15517 24100, 24542 1
14505,16517 *NSET,NSET=FLY,GENERATE
i7505,17517 355,2435%,1000
18505, 18517 356,24356,1000
19505,195%7 357,24357,1000
20505,20517 358,24358,1000
21505,21517 *NSET,NSET=FLXYZ,GENERATE
22505,22517 359,24359,1000
23505,23517 *NSET,NSET=CAXYZ, GENERATE
24505,24517 - B37,24837,1000
*ELSET,ELSETwCAT2 B52,24852,1000
517 . 867,24867,1000
1517 882,24882,1000
2517 : 897,24857,1000
3517 912,24912,1000
4517 : . 927,24927,1000
5517 . ) 942,24942,1000
&517 - ‘ *BOUNDARY
7517 FSYM, 25YMM
8517 ' : fFLY,2
9517 . FLXYZ,1,3
10517 ' ’ CAXYZ,1,3
11517 **END OF FILE
12517 ‘ : .
13517
14517
15517
16517
171517
18517 -
19517
20517
21517
22517
23517
24517
*ELSET,ELSETHCAT3, GENERATE
529,573, 11
1529,1573, 11
2529,2573,11
3529,3573,19

C-34
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