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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 US. 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 contained in a 
below grade reinforced concrete vault. Each storage tube can'hold two MCOs. 

The purpose of this rep& 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 more 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 

I from 45" to 15" from vertical to reduce the impact damage to the MCO. The temporary shielding 
at the samplinglweld station is less massive than the shield hatch ring at the service station and 
will cause less damage to the MFO from an accidental drop. Therefore, the receiving service 
station pit has been chosen to reprksent the drop for both locations. 

The maximum equivalent plastic 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 EO%, 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. 

1' 

\ 

The deceleration of the MCO baskets 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. 

I 
- 
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ENGINEERING REPORT 

, .  
ANALYSIS FOR 

AT THE CANISTER STORAGE BUILDING 
2. , ., , . , . . !,, 
: .? 

ECCENTRIC MULTI-CANISTER OVERPACK DROPS 

:.* *. .,, :. . ,  

1.0 INTRODUCTION 
,/ 

The Spent Nuclear Fuel (SNF) Canister Storage Building (CSB) is the interim 
storage facility for the K-Basin SNF at the US. 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 samplelweld 
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. 

2.0 OBJECTIVE 

The purpose of this report is to investigate the potential for damage to the MCO 
during impact fro'm en ecc6ntric 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; 

If a breach resulting in unacceptable release of contamination could occur in 
the MCO. 

If the dropped MCO could become stuck in the storage tube after the drop 

Maximum deceleration of the spent nuclear fuel baskets 

3.0 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 negative triaxiality factor. The maximum tensile principal 

- 
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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 analydes of the standard and overpask storage tube assemblies have been 
studiedln References 1 and 2. However, the strains found in this report are in 
agreement with previous analyses and no rupture or through wall cracking is 
anticipated. 

4.0 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. 

L. D. Blackburn Metallurgy 
R. D. Crow Safety Analysis 
L. H. Goldmann MCO Design Authority 

0 R. P. Kennkdy Structural Analysis 
0 L. K. Severud Engineering Management & Structural 

Analysis 

The expert panel report is included as an attachment to this report 

5.0 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 
0 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 

I 

I 2 
. 
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storage tubes have a smaller gap (112") between the tube and the embedment 
than the overpack tubes (I"). This limits the tube lateral 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 locations. The standard storage 
tube is 28 inches in diameter and approximately 40 feet long and is shown in 
Figure 5.2. A sketch of the drop onto the standard storage tube is shown in 
Figure 5.3. 

Ttie shield'ing 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 samplinglweld 
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 samplinglweld station shielding ring. A drop on this 
more rigid and massive ring would cause more damage to the MCO from ah 
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 IV baskets loaded with fuel pins. The baskets are stacked one on top 
of the othel. 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 weight. 

Drop Paraieters at Standard Tube Assembly 

I 

I 

!- i 

5.1 

Loaded MCO weight, without cap 20,000 Ibf 

Drop height 90 inches 

Drop velocity 263.7 inlsec 

Kinetic energy at impact 

Point of impact 

Impact distance from inside face 
of standard tube assembly 

MHM off center dimension 

1,800,000 in-lbf 

45" inclined surface of lower flange 

2.75 inches 

1 inch 

Drop angle 2"2 1 

5.2 Drop Parameters at Service Station 

Loaded MCO weight, without cap 20,000 Ibf 

Drop height 90 inches 

Drop velocity 263.7 inlsec 
. 

3 10/21/99 I 
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5.3 

5.4 

5.5 

5.6 

I 

Kinetic energy at impact 

Point of impact 
ring 

Impact distance from top inside 
face of opening 

MHM off center dimension 

Drop angle Iq40' 

1,800,000 in-lbf 

15" inclined surface of shield hatch 

1.58 inches 

3.63 inches 

i 
/ 

/' 

MCO Physical Properties 

Wall thickness 

Bottom thickness 

Outside diameter 

0.5 inches 

2.01 inches 

24.0 inches 

Outside diameter at head 25.3 inches 

Standard Storage Tube Physical Properties 

Lower flange thickness 3.5 inches 

Slope of lower flsnge sealing surface 

Tube inner diameter 27 inches 

Wall thickness 0.5 inches 

45" from vertical 
t 

Service Station Physical Properties 

Shield hatch ring thickness 

Slope of shield hatch ring 

10 inches 

15" from vertical 

Material Properties 

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 storage tubes are as follows: 
. .  

. .. 

, ,  . 
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MCO MATERIAL 304L stainless steel 

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

Elastic modulus 28,000,000 psi 

Poisson ratio 0.27 

STANDAFD TUBE ASSEMBLY ASTM A36 
MATEqlAL 

Elastic modulus 

'Poisson ratio 

29,500,000 psi 

0.27 

. 
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Figure 5.2. Standard Storage Tube. 
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TUBE 

Figure 5.3. MCO, MHM and Storage Tube at Time of Impact. 
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,-- MCO 

I 

Figure 5.4. MCO Drop at Service Station. 
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Figure 5.5. Mark 1A Fuel Pin Basket. 
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... :. 
: , 

Figure 5.6. True Stress-Strain Curves for 304SS Steel. 
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i 
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Figure 5.7. True Stress-Strain Curves for SA36 Steel. 
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6.0 

6.1 

I 

ANALYSIS APPROACH AND ASSUMPTIONS 

A finite element computer model is utilized to simulate the MCO impact analysis. . ,  

The MCO, the standard storage tube assembly and the shielding ring are '. ' -5: ' .  
explicitly modeled so that elastic and plastic strains for both assemblies can be 
computed to characterize the reactive forces and energy absorption during ' .. 

impact. ~ ' .  

The high'strain rate material property was used to study the damage at the ' 
bottom of the MCO. The strain rate capability of the ABAQUSlExplicit program 
was not used because it would significantly increase the computer run time. 

1- 

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. ABAQUSlExplicit is a well-documented and proven finite-element 
program. It is 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 defledtions), nonlinear material properties (plasticity and strain hardening), 
and explicit time integration are specific options that make the program ideal for 
evaluation of,non(near dynamic impact evaluations. Contact surfaces allow free 
movement of.two adjacent nontouching surfaces but preclude penetration of one 
contact surface into another. Sliding surfaces allow free movement of two 
adjacent n'ontouching surfaces but resist movement if the two surfaces are in 
contact. Friction forces that are determined by normal forces and prescribed 
friction coefficients model 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. ABAQUSlExplicit has 
extensive preprocessing, and graphics capabilities. 

ABAQUSlExplicit 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. 

ABAQUSlExplicit has been verified and validated through the FDNW QA 
program. ABAQUSlExplicit 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. ABAQUS/Explicit ve 
5.8-10 is used in this analysis 
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6.2 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 mild steel on medium steel varied from 0.53 to 0.18 for sliding 
speeds of 0.0001 in/sec to 100 inlsec. A coefficient of sliding friction of 0.3 is 
used throughout this analysis. 

,'. 

6.3 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 elements.' 

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: 

- 
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MeshSize 

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. 

6.4 

I 

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 and the wall. From that point up 
shell.6iements 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 
results of the 4-element model. Each element in the 7-element model is 
about 0.07 inches thick. The time required for each iteration of the 
ABAQUS/Explicit program is controlled by the element 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. 

6 

Basket'inass 

The mass of he 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 MCO 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 horizontal 
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 stati 
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 el 

- 
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having elasto-plastic material properties. Figure 6.3 and 6.4 show the computer 
model 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. ' 

0 The number of elements through the wall thickness was reduced from 
seven to four The reduction in elements reduces computer run time and 
gilies consewative 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 

0 

The finer mesh on the opposite side of the impact location was necessary io 
yield reasonable results because the basket bounces and impacts 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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-D Shell Elements 

-D Solid Elements 

Standard Storage TI 
/ 

/Embedment 

Jbe 

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

Figure 6.3. Computer Model of MCO Drop onto Service Station Shield Hatch 
Ring. 
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ieid Hatch Ring 

Figure 6.4. Close-up Computer Model of MCO Drop onto Service Station Shield 
Hatch Ring. 

. 
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number (second) factor I failure strain I plastic strain LUL, ,aUWI ,  

Lower weld 72179 0.021 -0.115 0.428 0.0175 
Lowerweld . 72179 0.02175 0.656 I 0 n18 I n onix 

MCO bottom 70019 0.0052501 -2.679 I - 
- 

7.0 RESULTS 

r- 

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 
damageldeformation 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 atcritical location and critical time are summarized in Table 7.1. 

Node 
number 

Lower weld 72179 
Lowerweld . 72179 

Location 

'Table 7.1. Calculated Failure Strain and Predicted Strain 

Time Triaxiality Effective Equivalent 
(second) factor failure strain plastic strain 

0.021 -0.115 0.428 0.0175 
0.02175 0.656 o.oia 0.0018 

MCO bottom 70019 0.0052501 -2.679 0.80 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 strain; of the MCO and storage tube after impact. Deformation strains 
along with failure strains af the bottom and lower weld on the MCO from the 
ASAQUS analyscs are calculated and documented in Appendix S. 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 7.1 1 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 
6667l386.4 = 17 g (say less than 20 9). 

The basket velocity during impad 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 7.10.i show a timed 
sequence of the MCO drop onto the standard storage tube. 

The ASAQUSlExplicit computer simulation uses global coordinates to describe 
the stresses and strains in the model. The ABAQUS direction 1 corresponds to 
stresslstrain in the radial direction at the point of impact and 180" from the point 

,, . 
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of impact. At other locations around the MCO circumference, the direction 1 
stresslstrain represents some combination of radial and hoop stresslstrain. 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 7.16, respectively. The ABAQUSlExplicit direction 2 
corresponds to the stresslstrain in the meridian (vertical) direction. The 
ABAQUS direction 3 corresponds to the hoop stresslstrain at the point of impact 
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 stresslstrain. The meridian stress and strain at the point of impact is 
shown 6n 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 afler the drop are calculated below. 

Cold tube 0. D. 28.00 
tolerance - .07" 

27.93 
Tube Wail Thickness - ,588" 

Cold Tube I. D. 
- ,588" 
26.754 

*MCO top at 220" F 
Reduction jn tube 0. D. 
Net Clearance ,444 

-25.31" 
- 1 .0  

The top of th& MCO is 25.31 inches in diameter while the maximum 
deformetl 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 7.2. Equivalent Plastic Strain at MCO Bottom at 0.03 Second After 
Impact at Storage Tube Assembly. 

. 
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Figure 7.3. Equivalent Plastic Strain at MCO Lower Weld at 0.03 Sec After Impact 
on Storage Tube Assembly. 
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Figure 7.4. Equivalent Plastic Strain at 0.028 Second at High Strain Rate for MCO 
Drop 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 7.6. 

I 

Equivalent Plastic Strain Near Lower Weld At 0.04 Second After 
Impact Onto Service Station Shield Hatch Ring. 
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.I....... V2 N:3123l (bottom basket) 
V2 N: 33231 (middle basket) 
V2 N: 36231 (lop basket) / //. 

0.00 5.00 10.00 15.00 20.00 25.00 30.00 
Time (sec) [XlO"] 

Deceleration of Baskets: 

(260-230) I (.007-,0025) 
= 6667 inlsedsec 
= I 7 9  

say less than 20 g 

Figure 7.7. Basket Velocity vs Time of MCO Impact onto Storage Tube Assembly. 
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0.00 5.00 1O.W 15.00 20.00 2BOO 30.00 35.00 40.00 
Time (sec) [rlo"] 

Deceleration of Baskets: 

(264-253.5) / (.019-,012) 
= 1500 inlsedsec 
= 3.9 g 

say less than 4 g 

Figure 7.8. Basket Velocity vs Time of MCO Impact onto Service Station Shield 
Hatch Ring. 
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*. i 

i 

Top Basket 
/ 

Middle Basket 
/ 

Bottom Basket 
/ 

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) 



SNF-5204, Rev. llCSB-S-0073 

Figure 7.10.e. MCO Drop Animation (Time = .015 second) 
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. .  

Figure 7.10.f. MCO Drop Animation (Time = .OW75 second) 
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Figure 7.10.g. MCO Drop Animation (Time .0225 second) 
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Figure 7.10.h. MCO Drop Animation (Time = .02625 second) 
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Figure 7.10.1. MCO Drop Animation (Time .03 second) 
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Figure 7.11. Mises Equivalent Stress Time History Plot of Element 70307 near 
Outside weld. 
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Figure 7.12. Mises Equivalent Stress Time History Plot of Element 70019 at MCO 
bottom near Impact location. 

42 10/21/99 ' 



SNF-5204. Rev. l/CS&SOO73 

Figure 7.13. Stress in Radial Direction (direction 1) at Time 0.03 Second. 
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Figure 7.14. Stress in Mjtrldian Direction (direction 2) at Time 0.03 Second. 
i 
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Figure 7.15. Stress in Hoop Direction (direction 3) at Time 0.03 Second. 
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Figure 7.16. Plastic Strain in Radial in Direction (direction 1) at Time 0.03 Second. 
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Figure 7.17. Plastic Strain in Meridian Direction (direction 2) at Time 0.03 Second. 
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I 

Figure 7.18. Plastic Strain In Hoop Direction (direction 3) at Time 0.03 Second. 
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Figure 7.19. Total Kinetic Energy Time History of the MCO Drops onto the 
Standard Storage Tube Assembly 
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Figure 7.20. MCO Deformations. 
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Figure 7.21. Standard Storage Tube Deformations. 
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8.0 FAILURE CRITERIA 

(Discussion and criteria provided by Larry Blackburn, Metallurgy Consultant to 
DESHIFDH.) 
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-ayaffailure strain by the relation. 

- 
for TF>O, and E - ~ ( I Y T F )  - _  

e, 

- = 2  for T F S O  
e, 

- 
E 

where is the effective (Mises) strain at failure, 

et is the tensile elongation from tension test, and 

TF is the stress state triaxiality factor. 

The ratio of the vises strain at failure divided by the uniaxial tensile elongation 
is a measure, of reidtive ductility between multi-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 

where E , ,  E ~ ,  and E~ are the principal strains, and 

&(a, +az +a,) 
I TF = 

[(a, - 0 z Y  +(a, -d + b 3  -aJ21I 
where cr,, u2, and u3 are the principal stresses. 
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" 
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Triaxiality Factor 

I 

i 
!Figure 8.1 Ductility vs Triaxiality Factor. 

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 Vessel Research Committee (PVRC) 
provides support for the Manjoine correlation. Boyer and Rolfe (5) report that E 
measured after bursting by internal pressure of a smooth pressure vessel made. 
of carbon steel was 0.236, while etwas 0.33. These results are in good 
agreement with Equation (la). A test on a second pressure vessel containing 
an intentional notch reduced E 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-axial failure strains in discs are 
much higher than would be predicted by the Manjoine correlation. Several 
researchers (Blejwas [7], Clauss [E], and Horschel [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 0.1 6 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. 

. .  
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In these models, failures initiated at a formed stiffener adjacent to the 
reinforcement at an equipment hatch penetration (118 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 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. 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 elis 0.37 with a standard 
deviation of 0.078. Defining the minimum value of et as the mean value minus 
twice the standard deviation, et (min.) is 0.214. 

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

i 
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9.0 DISCUSSION 

Results of the inelastic analysis calculations 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, 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 ofless 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 inclu\dingstrain 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. 

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. 
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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. 

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%, whichls 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 expected'to 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 bashets are'about 4 g's, well within a conservative allowable of 
35 g's from the MCO design criteria. 

. .  
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Conclusions of Exoert P-r Eccentric MCO Drops at CSB 
Sentembe r 15.1999 Richland. W A 

Earlier analysis of a pohlated 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 bc 
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 expen 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 niodel and calculations. These included 
brtter mgdeling of the MCO intemnls and impact location%, accounting for the strain rate effects 
on the material stress-strain propenies, 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 \velds 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 SO%, again for \veld 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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& direction, maximum at the outer surface and any failure would be by spalling or flaking 
rather than crack formation and propagation though the wall. 

2. With the improved hodels 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 iiidicates 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 comoressive 
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 8O%, 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 i n  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 
sampldweld station. 

8” A4v-l.- 
LD Blackbu - Metallurgy 

i- ,r , , . 
~ Cr&e - Safety Analysis 

\ I  
LH Goldmann - MCO Design Authority 

RP @&Ff+ Kennedy - Structural Analys’ 

Z&A 
LK Severud - Engineering Management & Structural Analysis 

. 



PREDICTION OF FAILURE STRAIN 

Failure of the MCO will not occur i f  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 (1) has proposed that the tensile elongation 
measured in a tension test can be adjusted to predict rnulti+axial failure strain by the 
relation. 

where €-is the effective (Mises) strain at failure 

e, is the tensile elongation from tension test, and 

TF is the triaxiality factor. 

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

where e , ,  ~2~ and e3 are the principal strains, and 

&(GI + G2 +a; )  
I 

[(a, -G2)’ +(a2 -(.,)’ +(G, -GI)’]’ 

TF = 

where G ! ,  G ~ ,  and o3 are the principal stresses. 

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 Vessel Research Committee (PVRC) provides support for the Manjoine 
correlation. Boyer and Rolfe (2) report that 7 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 l a .  A test on a second 
pressure vessel containing an intentional notch reduced Z 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 

ATT- 5 
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researchers (Blejwas 141, Clauss 151, and Horschel [SI) 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 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 118 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 toaded beyond general yielding, and the free-field 
strains ( [ .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 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. Results 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 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 e, as the mean value minus 
twice the standard deviation, et (min.) is 0.214. 

For assessment of base metal regions, the specification minimum value for e,of 304L 
stainless steel base metal is 0.40. The maximum acceptable value of e: for 304L 
s!ainless steel is therefore about twice that for weld metal. 
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MATERIAL PROPERTIES FOR ABAQUSIEXPLICIT INPUT ! 
Englneerlng stress-strain curve for 316 SS heat 1. - 
On the bask of data provided In table A-3 contained In Blackburn 1981, engineering skess-straln curve can be 
constructed by linear Interpolatlon. Stress values In !he table are given In mega Pascals. Further lhevaluss are 
converted LO DSI. 

I := 0.. 22 

e, := I Q3, := 

U 

s 123 := f t23.Pa.1000000 

E :s e - 0.002 e pl = 

o.oowoo 
0.001000 
0.002000 
0.093000 
0.0040w 
0.005000 
0.006000 
0.007000 
0.005000 
0.01 8000 
0.025000 
0.03SOOO 
0.045000 
0.05s000 
0.06SwO 
0.07SOOO 
0.058000 
0.095000 
0.199000 
0.295000 
0.3 9 SO00 
0.499000 
0.59s000 

s t23 = 

36114 
37405 
38261 
38971 
39610 
40146 
40640 
41046 
41379 
44495 
46949 
49052 
50981 
52707 
54360 
55970 
57464 
58842 
69342 

77204 
79j51 

7945 I 

73865 

1 
0 0. I 0.1 0.3 0.4 0.3 0.6 

%rain 
0 

ENGINEERING STRESS-STRAIN CURVE FOR 31 6 SS STEEL 
INELASTIC RANGE 

4-a . .  - .. 
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-36161 
37493 
3S390 
39143 
39524 
~ : O T  
40942 
dI'93 
i l i 7 l  
45369 
SS?4? 
51002 
53511 
55563 
55162 
69445 
62639 
64732 
s1040 
96075 
105143 
119289 
127236 

MATERIAL PROPERTIES FOR ABAQUSIEXPLICIT INPUT , - True stress-strain curve for 318 SS heat T. 

*psi E tr 

Most materlals that exhiblt ductile behavlor ((large Inelastic stralns) leld a1 stress levels that am o r d b  of 
maqnltude less than the elastic modulus of material, whlch Implies J a t  the reIevint stress and straln measures 
are true" stress (Cauchy stress) and logeritmk strain. Material data far ell of these models should. therefore. be 

= 

given In these measures. The englneering 
can be slmply converted la  true stress and 

slrsssalraln data from unlaxlal test for lsotroplc materia\ 
plastic slraln by use of the fallowing formulas: 

--o.ooo' 
0.001 
0.02 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.018 
0.028 
0.037 
0.047 
0.036 
0.066 
0.075 
0.084 
0.093 
0.180 
0.259 
0.333 
0.402 
0.466 

u  true=^ eng.(l + E  and c pl=ln(l + e  - - 
Thus for 318 SS heat T sleet true stress strain relation can be expressed as follows: 

E eng = 

0.001290 
0.002336 
0.003366 
0.004392 
0.0054IS 
0.006431 
0.00745 I 
0.005466 
0.00917S 
0.019389 
0.029677 
0.0 3 9 7 5 2 
0.049821 
O.OS9SS? 
0.069941 
0.079999 
0.090052 
0.100101 
0.20M4I 
0.300639 
0.400755 
0.500835 
0.600831 



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

MATERIAL PROPERTIES FOR ABAQUSlEXPLIClT INP.UT ! - 

I 

' I  
x 
I V I  Ut' y! 

i 

I 

i 
i 

! 
! - 

j- 

I 

I 
i 

:- 

0 0.05 0.1 0.11 0.23 0.3 0.35 0.4 0.45 t.! 
I 

c 1.7 
TNR platticttiin 

TRUE STRESS-STRAIN CURVE FOR 316 SS STEEL . ' 

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

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

Dependent upon hosw fast V.e l h 3  6tra:n is applied to the material, the material exh:?i:s varying value 0: 2% ylel2 
s:ress. Thts behavlor of Tvoe 304 Stainless Stesl is captured in Steinken. 1971. Usmg adual strain rate from 
ABAQUCS/EXPLICiT ructhe mate:iai proparlies are adjusted accordingly 

ljme interval for which plastic strain can be approximated as straight line is: 

AI := T.5.1~' .sec I I .3 - m . 5 . ~ ~ ' . s e c  4 

Corresponding plastic strain iflifeare is: 

AK ,,I := 0.1633 - 0.0475 

At = D.OOIS*S:C 

AF p, 5 0.1 ISS 

The effect of the strain rate on ths value of "0.2% Yield Stress'' (Steicken. 1971, Figure 2.) for 304% 

4 .IO + 50).1000 -51818 3 s yss304 := 5182O~pSl 

A- 4 7 . .  
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MATERIAL PROPERTIES FOR ABAQUSEXPLICIT INP.UT I - 
The stress-straln curves for 316 SS sled and 304 SS sled am similar. Due to slrnllarlty the flnal plastic strain 
curve a n  be eellrnaled by adjusting the 316SS curve by a difference In the value of the yield stress for 31 6SS 
and 30455 @ formerly computed rlrain rate. 

vs tms304( ,00127) = 51796.6s *psi 

j := 0.. 3 

E InJ .- ""J := 
.- 

s tin := f tin.psi 

E p[in := E i n  

f 30032- 
100701 

s ' i n  = I IO1451 
1102201 

"E piin := E ptin 

r O.OOOOIO 1 

E din = I 0.300000 0293000 I 'psi 

. . .  . .; ._ 
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MATERIAL PROPERTIES FOR ABAQUSlEXPLlCIT INPUT ! - 

vsorig(E piin) :=if+ piin<~'sits304*vstel(e piin)*vstin(L piin)) 

E 0,O.M)Ol.. 0:466 

- new data @ 80.3 llsec strain tale -- original Input data 

Figure Zsr-Oa. TRUE STRESS-STRAIN CURVES FOR 304SS STEEL - 

4 -6 
A ,  
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51820 
53152 
54049 
54802 
55483 
56064 
56601 
57052 
57430 
61025 
61001 
66661 
69180 
71522 
73821 
76107 
73298 
80391 
97699 
1 1  1734 
123503 
134947 
142893 

MATERIAL PROPERTIES FOR ABAQUSlEXPLIClT INPUT I 

'psi C' tr s' tr 

-0.OOW- 
0.0010 
0.0020 
0.0030 
0.M)JO 
OAOSO 
0.0060 
0.0070 
0.0079 
0.0178 
0.0275 
0.0372 
0.0467 
0.0562 
0.0655 
0.0746 
0.0840 
0.0931 
0.1795 
0.2394 
0.3332 
0.401s 
0.4660 

- 

. 

. 
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MATERIAL PROPERTIES FOR ABAQUS~EXPLICIT INPUT I - 
Engineering stress-straln curve for SA36. 

j := 0.. 3 

r o.oooooo 1 
0.020000 

E csp1- 1 0.095000 1 

0 
- I 

[' 0.c: 0.04 0.06 o.oa 0.1 0.12 0.14 0.16 0.16 
I 

stnln 

ENGINEERING STRESS-STRAIN CURVE FOR SA36 CS STEEL 
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21 

1" 

O +  

MATERIAL PROPERTIES FOR ABAQUSlEXPLIClT INPUT I - 
True stress-strain curve for SA36 CS. 

I .. .___! -. - .  

___- I __ 

. 
8 C s q  

E =36 29500000 *psi e cseng, :* cs36 + c p\ 8 cstq := ( I  + c cseng,) 6 cst23, 

vs =tr(c) := linterplvc c s v , ~ ~ c s l r , c  

65064 
0.001222 1 0.002281 1 

cSeng = 0.003867 

LO.O0519J] E := 0,0.0001..0.161 

-0.w0002 

= 0.001985 
c I::::::] 

TRUE STRESS-STRAIN CURVE FOR SA36 CS STEEL 
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MATERIAL PROPERTIES FOR ABAQUSlEXPLlClT INPUT I - 
True stress-strain curve for SA36 @ specific straln rate. 

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

Time Interval for which plastic strain can be approximaled as straight line is: 

At := 

- 

.5.1o-J.sec - .5.1 ~-'.sec At = 0 .0019 '~~~  m 
Corresponding plastic strain Increase is: 

AE := 0.1633 - 0.0175 As pi = 0.115s 

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

s ysa36 := 5782O.psi (%.to + 50 .i.OW = 57SIS 

me stress-strain curves for SA36 steel and 304 SS steel are similar. Due to slmilarily lhe final iastlc strain 
curve can be estimated by adjusting the 31655 curve by a dttference In the value of the yield s f k s  for 316SS 
and 304SS @ formerly computed strain rate. 

As y := ysa36 - tr,, 

trsa36 := s tr + & y 

AS = 21659.02*pSi 

s trsa36 := s Ir + y 

lrsa36,, 
eics36 := 

L tr := 0,0.0001 .. 0.5 

AS = 21659.02 *psi 
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MATERIAL PROPERTIES FOR ABAQUSlEXPLlClT INPUT ! - 
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8 t230 
e' eta36 := C' elcs36 I 0.00122422 

c plin := 0.0.00001 .. 0.16 

- ne*? dala @ 60.3 l lsec strain rate _ _  original Input data 

Figure 2sr-Qb. TRUE STRESS-STRAIN CURVES FOR SA36 STEEL 
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MATERIAL PROPERTIES FOR ABAQUSlEXPLlClT INPUT I - 
c := 0.0.01 .. 0.16 

vs trsa3d C 
P 1ooo.osI 

57820 
59152 
60049 
60802 
61483 
62064 
62601 
63052 
63,430 
67028 
70001 
72661 
75180 
71522 
79821 
82107 
84298 
86391 
103699 
I17731 
129903 
1'40947 
145895 

0.0001 
0.001 I 
0.002 I 
0.0031 
0.0040 
0.0050 
0.0060 
0.0070 
0.0079 
0.0175 
0.0275 
0.0372 
0.0467 
0.0562 
0.0655 
0.0748 
0.0840 
0.0931 
0.1795 
0.2594 
0.3332 
0.401s 
0.4660 
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TRlAXlALlTY FACTOR CALCULATION 
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B.l CHECK CRITICAL AREA IN WELD REGlON 
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The teble values are the mutts at the center of the elements. The strain contour plots 
prrWpolated at the suifsce. Followlng calculations are based on the stress and straln plot at 
node 72170. 

AT TIME = 0.021 SECOND NOTE maximum maximum prlndpai stress from table 

mlnimum principal stress a, :=-20000 

intermediate princlpal stress 02:=400 

maxlmum prlncipai stress u, :=16000 

equivalent piastlc straln e ,q:=0.0175 

than the mlses stress is 

Triaxlailty Factor li 

‘TF =-0.1 I5 

Total elongstlon for stalniess steel 304L IS 

et:=0.214 

effective failure strain is 

c f-0.428 ’ t c q  O.K. 

8-5 
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Intermediate Principal Stress'on node 72179 at 0.021 Second 
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Maximum Principal Stress on node 72179 at 8.02175 Second 
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Equivalent Plastic Strain on node 72179 at 0.02 Second 
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AT TIME = 0.02176 SECOND NOTE near’maximum triaxial factor 

minimum principal stress 
a, :=-9SW 

a2 := 5400 intermedlate prlnclpal stress 

maxlmum principal stress u3 :=22OOo 

equivalent plastic straln E eq := 0.02 

than the mlses stress is 

SNF-5204, Rev. I 
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Triaxiality Factor is 

TF = 0.656 

erective failure strain is 

cy=O.272 . , B c9 O.K. 

!, 
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Minimum Principal Stress on node 72179 at 0.02175 Second 
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intermediate Principal Stress on node 72179 at 0.02175 Second 



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

Maximum 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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8.2 CHECK MCO BOTTOM 
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CHECK MCO BOlTOM 
Following calculatlons are based on the stress and sbeln plot at node 
7001 9. 

AT TIME = O.OOS2S01 
SECOND 

mlnlmum principal stress 

Intermediate princlpal stress 

maxlmum principal stress 

equivalent plastic strain 

than the mises stress Is 

NOTE near maximum trlaxlal factor 

u, :=-lo7900 

?2 :=-78910 

uj :=- 20300 

E cq :=0.3966 

SNF-5204, Rev. 1 
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1 

Mires :=-.[(a,- o y +  (&- ;)’+ (u3- ~ $ 2 1 ’  
1 

Mise$ -7.731( 
.J; 

Triaxlality Factor is 

TF E-2.679 

Total elongation for stainless steel 304LIs 

c :=0.40 

effective failure strain Is 

ef=0.8 ’ e e q  O.K. 
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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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Maximum Principal Stress on node 70019 at 0.0052501 Second 
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Equivalent Piastic Strain on node 70019 at 0.0052501 Second 
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APPENDIX C 

ABAQUS INPUT FILE 

SECTION ONE 

MCO DROP ON STANDARD STORAGE TUBE 
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** t t l e  ~'nlO-lO.lnp" 
*HEM I NO 
MCO DROP ONTO TUBE(MC0 ahell u l  7 d l d  e l  L 
basket supprt) 
*INCLUDE, IWPUT=mc07. t x t  
'INCLUDE, INPUT.blkla4.tXt 
'SYSTEM 

APPENDIX C SECTION ONE CSB-S-0073 
f 

INPUT FILE NlOlOhp 

.I 

*INCLUOE,.INPUT=stdatd2.txt 
*SYSTEM 
-1.22.75. 
*NOOE,NSET~RGOl 
95001 ,-17.5.55.0 
95003,-17.5,11~.15.0 
95005,-13.625.128.91,0 
95007. -13.625,160..0 
*NOOE8NSET.RG02 
95011.17.5.55,O 
95013.17.5.114.15,O 
95015,13.625,128.9l,O 
95017,13.625.160..0 

- 
1.31 
*;iald body, elset-rgd2,ret node=95020 
0.001 
W n l d  body. clset=rgd3. r e t  node-95099 
0.001 
'MATERIAL.NAHE~SflO4 
'OENSITY 
.do0735 
*ELASTIC 
2B.E+06,.27 
*PLASTIC , 

36161.0 
38390.0.02 
40405.0.05 
41771.0.08 
45369.0.18 
5 1002,O. 37 
127236.0.46b 
*HATERIAL,NAME=SA36 
'DENSITY 
.0007139 

*SYSTEM 'ELASI I C  
a , ,  29.5E6.0.30 
'NOOE.NSET~RGO3 *PLASIlC 
95031,15.25,-34.5,0 36088,O 
95041.15.ZS,-3,0 38590,0.0197 
95051,16.00,-2.25,O 60421.0.0904 
95061.23.625, -2.25.0 75291 ,O.lLM 
95071.23.625.6.0 .. 
*NCOPY,CHANGE NUI(BER=l,OLO SET=RGO3,SWIFT,NCY *BOUNOARY 
SET=RGD3,ILlltlpIo=6 95020, encastre 
$0. 95099,encastre 
0,0,0.0,1.0,3.44 . *INITIAL CONOITIONS, TYPEWELOCITY 
*NCOPY,CHANGE MVIIBER=l,OLO SETnRGOZ.SHlFT,NEY K O ,  2, -264 
SET=RG02 8%. 2. -264 
.O, *RESTART, WRITE, NUMBER INTERVAL.40 

*NCOPY,CHANGE NUMBER=l ,OLD SET=RGOl .SHIFT,NEU *DYNAMIC, EXPLICIT 
sEr&oi ,J.E-2 

O,O,O,O, 1.0.3.75 'STEP 

.I 0 .-. 
o.o,oio,1,0,-15. 
*nod. 
95020,-12.625.100.. 
95099.23.625. - l O . Q  
~elwnent,type~R304,elaet-r~dl 
95001, 95001, 95602, 95004. 95003 
95002. 95003. 95004. 95006. 95005 
95003; 95005; 95006; 95008; 95007 
*el~m~nt,typo=R304,elaet=r~d2 
95004, 95011, 95012, 95014. 95013 
95005, 95013, 95014, 95016, 95015 
95006, 95015, 95016, 95018, 95017 
.elnn~nt,type.R3~4,eliet~rgd3 
95007. 95031, 95032, 95042, 95041 
*rlgen,olrct.rgdS 
95007.4,10.1,5,1,4 .* 
'ELSET, ELSET=SSTA 
FLING, TUBES, TUBEP 
*ELSET, ELSET=TTT 
HCO, EBSK, SSIA *. 

'ELSET, ELSET=SSTA 
FLING, TUBES, TUBEP 
*ELSET, ELSET=TTT 
HCO, EUSK, SSIA *. 
'SOLID S E C I I O N ,  ELSET-FLANG, MTERIAL-SA36 
'SOL Io SECTION, ELSET-TUBES, HATERIAL.SA36 
*SHELL SECTION, CLSET=TUBEP, n*TERIAL*SA36 
0.5 
* r i g i d  body, els.t=rgdl,ref node=95020 

'SURFACE OEFINIT ION.  NAME-FTOF 
FLGO.S4 
FLGB, E 1 
TUBO.84 
*SURFACE OEF1NIT1ON, NAME-DECK 
rga3, SNEG 
'CONlACT PAIR, INTERACTION=fO 
FIOF,OECK 
*SURFKC INTERACTION, IIAME=FO 
* F R I C T I O N  
0.3 ** 
*SURFACE O E F I N I T I O N .  N A M E m F T I F  
FLGI.S6 
TUBl,S6 
*SURFACE OEFIN IT ION.  NMEWCOBF 
MCOBF, I4 
MCOBl.  51 
*CQNTACT PAIR. INTERACTION~FU 

'SURfICE DEFINITION, NUIE=rgdlt 
rgdl,  SPOS 
*SURFACE D E f I N l l l O N ,  NAME.WCOIL 

c-3 



I ICOl l ,  SPOS 
*CONTACI PAIR, lNTERACTION*FIITL 
rgdlf .I(COTL 
*SURFACE INIERACTION, NAIIE~FIITL 
'FR I C 1  ION 
0.3 

'SURFACE OEFINITIOW, NAME*rpd2f 
rgd2,  SNEG 
*SURFACE OEFIUITIOW, NAIIEdICOTR 
IICOTR, SPOS 
%OHTACT PAIR, IWTERACTION~IWTR 
rgdZf,IICOrR 
*SURFACE INTERACTIOW, NAME.IIITR 
*FRICTIOW 
0.3 

*SURFACE DEFINITION, NAME=bakbl 
bskbl ,S1 
bskc l  ,sl 
bskbl ,S4 
*SURFACE DEF l  Ill TION, NAUE.bskb2 
bskb2,Sl 
bskc2.81 
bSkbZ,S4 
'SURFACE DEFIWITION, NAUEmbskbS 
bikb3.31 
bskc3.81 
bskb3.84 
*SURFACE OEFINI I ION. WAME.bskb4 
b s  kb4, f 1 
b s  kc4, s l  
b r k M . S 4  

*. 

.* 

'SURFACE OEFl  N l  1 ION, NWE=bskb5 
bskbS .S1 
bskc5,al 
bskb5 ,84 
*SURFACE OLFINITION. NAUE=bskb6 
bakb6,Sl 
brkc6,sl 
bskM.SL 
'CONTACI NODE SET, NAME.blpb 
bspb 
'SURFACE OEFIWITION, NAME.mCosi 
mcobt  ,S2 
mcosi,s6 
'CONTACT PAIR, INTERAcTION=BSmco 
bspb.mcosl 
*SURFACE IWTERACIION. NAME.BSmCO 
*FRICTION 
0.3 
*CONTACT NODE SET, NAUE'bspt 

APPENDIX C SECTION ONE 
INPUT FILE NlOlO.lnp 

7 6 2 0 5 . m ~ a . i  

7a2as.n2a. I 
T1205.77240,l 

79205,7?240,1 
(102OSI8024O,1 
81205,81240,l 
822P1.82240.1 
83205.83240.1 
a ~ 2 o s . 8 ~ 2 ~ o . i  
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~ ~~~ .~ . . . . .  
05205.85260.1 
06205,86240.1 
87205,872CO.l 
88295.88219.1 
89205.89240.1 
90205,90240; 1 
91205,91240,l 
92205,922CO.T 
9J205.93210.1 
'SURFACE DEFINI I ION, NAUE.ncopi 
mcop1,an.g 
VDNTACT PAIR, IWTERACTION=bl 
BSI(B1 ,.co.i 
*SURFACE INTEIIACTION, NU(E=bl 
*fRtCTIDW 
0.3 
*CONTACT PAIR, INTERACTION=bZ 
BSK82.mcopt 
*SJRFACE IWTERACTIOU. hAME=bZ 
*FRICTIOW 
c . 3  
*CONTACT PAIR. IUTEPACTIONmb3 
BSLBS.mcOpi 
.SURFACE INTERACTION. NANE-bl 
* f  R ICT ION 
0 . 3  
*CONTACT PAIR, IN1ERACTIOW.bL 
BSLB4,ncopl 
*SURFACE IWTERACTIDH. NAMEsbL 
*fRICTION 
0.3 
*CONTACT PAIR. INTERACTlON.b5 
BSK85,ncopi , 
'SURFACE INTERACTION. NIWE-M 
*FRICTION 
D.3 

k I R F A C E  iNTERACTION, NIWE-M 
*FRICTION 
D.3 

0.3 .. 
brpt 
*CONTACI PAIR, INTERAcT1ON=BSKOl 
brpt.USKB1 
*SURFACE INTERACTION, NAMEIBSXOl 
'FRICTION 
0.3 
*SURFACE DEFINITION, NAME=mcotb 

70300;94300;1000 
70301.9~301.1000 
70302,94302,1000 
70303,94303,1000 
70304.94504.1000 
70S05.94305.1000 
70396,94306,1000 

C.4 
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INPUT FILE N1010.inp 

70307,94307,1000 
70308,91308,1000 
70309,94309,1000 
*WTPUT,HISTORV,TIME IWTERVAL-1.E-4 
'NODE OUTPUT, WSETWWT 
U.V,I 
'WOOE WTPUT, WSET*lWT I 

U 
*NODE OUTPUT, NSET-PILR 
R f  
*nset,nret-rsdn 
95020.95099 
*WOE OUTPUT. NSEl=rgdn 
RF 
+ELSET.ELSET.EOUT 
70301,70304,70307,70019 
'ELEMENT WTPUT,ELSET=EWT 
S.SP,PE,MISES,PEEa 
*ENERGY Outplt 
ALLKE 
*elset.elset-st 
f long. tubes, tubep 
* tntrpy output,elret=st 
.lLi*..llpd 
*output.ileLd.nunbw interva1=40 
'element output 
S,SP,l4lSES,PE,PEEP,E,EP 
*nodo cutput 
u,v,r t  
*nONITOR, N00E=70019. DOF-2 
*END STEP 
** end of t i l t  
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1. 
INPUT FILE Mco7.btl 

*NCOPY ,tHAXGE WUIIBER.4OOO.OLD hETmN34, SHlh ,NEU 
** *WC07.TXT't SET=MCO 
** 7 e l e m e n t s  t h r o u g h  t h l c k n e r r  to. ** u l th  b a s k e t  supporf plates o f f  .synn pl8nr . 4.a34.2.7a.0.4.421;i2.7716.0.15. 

4.834. 2.78. 0, 14.8256,3.19. 0 8 0 ;  
4.ass.z.~a,o.4.42~.i2.ni6.Q.ia.7~ 4 .!+ab, 12.7716. o 

70012.10.3.0.0 .O. 
701S2,11.O125,2.01 ,O 4.a~1.2.7a;0.1.421,i2.77ib,o.22.~ 

*NWE,YSET.N3 .a. 
70152,11.366,2.156~,0 

70019,11.123,0,0 .O. 
70079,11.93076,1.13,0 I .a34,2.7a,0,4.424,12.7716,0,30. 

*NWE .Or 
70099,12,1.423333,0 4 .a34.2.7a.o . I .  424.12.7716.0.36. 

*NGEN.NIET~NI .O. 
. ~ .a~4 .2 .7a ,o .~ .424 .12 .7716 .0 ,12 .  

N3.114.7.1 .O. 
*NOOE,NSET.N34 ~.a3~.2.7a.o.4.124.i2.77i~,o,~a. 

'NOOE ,O. 
70200.11.5.2.a.o ~ . a ~ ~ . 2 . 7 a . 0 . ~ . 1 ~ ~ , i 2 . 7 7 1 6 . 0 . 5 ~ .  

709~0.12.0.22.5.0 .O. 
*ngcn.NSET.rab . 4.a3~,2.70,0,4.42c.i~.77i6,0,bo. 

70240,70940.100 .O. 

- 

** MCO model d r o p  o n  lower r l g h t  e a r n e r  
*SVITEM SETWE0 

'NCOPV,CHANGE NUHBER~5000.OLO SET~N34,SHlFT.WEW 

*YcOPV.cHAnGE NUMBER*6000,OLD SET.N3L.SHI FT ,NEW ** wco t-at tom r l n g  
'NWE SET=MCO 

*NGBN,YIET.N3 
70012.70132.20 SET-MCO 

70172,11.50,2.51,0 *HCOPY,CHANGE WUMBER=BOOO,OLO SET~N34,SHIFT.NEU 
*NODE SET=MCO 

*NG~W,NSET=N~ *NCOPY,CWANGE NUPIBER~9000,OLD SET.N34,SHlF?.NEW 
70019,70079.20 SET-MCO 

*NCOPV.CHANGE NUW8ER~7000,OLD SET=NSI. SW I FT,NEU 

I .ax. 2.70.0 . I .  424.12.7716.0.26 2 5  

*NCOPY,CHANGE NUWBER=lOOOO,OLO SET-N34,SHlFT,WEU 
SET=tiCO 

70139.12.2.01 ,O 
70179,12,2.51 ,O 

70099,70139.20 
70139.70179.20 
*NFlLL,NSET=WS4 SET=tiCO 

70019,11.394,0.~502,0 *NCOPY,CHANGE NUMBER~12000,OLO SET-N34,SWIFT,NEU 
** s h e l l  (solid) 

*NCOPY.CHANGE NUMBER-llOO0,OLD SET=N34,SHIFT,WEU 

. .  SET-HCO 

*NCOPY.CWANGE NUMBER=13000,0LO SET=N34,SHIFI,NEW 
SET=MCO 

70900,12.0,2.0,0 
70210,11.5,22.5,0 

*NCOPY,CHANGE WUMBER=14OOO,OLO IET-N34,SHIFT,NEU 
SET=MCO 

70200,70900,100 
*ngen,NSET-sst 

f " f i l l , nse t .n34  4.8~4,2.78.0.4.424.12.7716,0.67.5 

srb,ast,40,1 
** WCO t o p  r i n g  
*NWE,nbct=st  

*NCOPY,tHAN-CE WMBER=l5000,0L0 SET-NS4,SRIFT.WEU 
SET*MCO 
.O. 
~ . a ~ ~ . 2 . r o . 0 . 4 . 1 ~ 1 . 1 2 . 7 7 1 6 , 0 , 7 5 .  

.O. 

70576,11.75.14a,o 
*NCOPI,CHANGE NUWBER=l6OOO,OLO SET-N34,5WlFT,NEU 
SET=MCO 

*NOOE,NSET=N34 
70577.11.75.160,O 
'node, nset=sb 
705~1,11.75,22.5,0 
~ W F I L L , Y S E T ~ N 3 4 , ~ 1 A I ~ . V ~  
ab.rt.35.1 

SET=MCO 

4.a~~,2.7a.o,1.42~,12.77ib,o,a2.s 
*NCOPY,CHANGE NUYaER=17000,OLO sET=N34,SHlFl,NEU 
SET.MC0 

.*NCOPY,CHANGE NUM8ER*1000,OLO SET*Y3C,SHlFT,NEU .O, 

. O .  
4.a3(.2.7a.o.4.~24,12.7716,0,3.75 
*NCOPY,.CnANGE NUM8ER=2OOO,OLO SET~N34,SHIFT.NEu ,O. 

.O. 
4 .a31 ,2 .7a ,o ,4 .42~,12 .771b,O.7 .~  
*NCOPY,CHANGE Nun~ER=3OOO,OLO SET=N34,SHlFT,NEu . . O ,  

,a. 
~ . ~ ~ , 2 . 7 a . 0 , ~ . 1 ~ ~ . 1 2 . 7 7 1 6 , 0 . 1 1 . 2 5  

4 .a~~,~.~a,~,~.~t~.iz.~~~6,0,~0. 
*NCOP~,CHAWGE NLlMBER-laOOO,OLD SET=W34,SHlFT,NEU 
SEl.MC0 

~.a~4,2.7~.0.4.42~,12.7r16,~.100. 
*NCOPY,CnANGE NUWBER=l9OOO,OLO SET-N34.SHlFT.NEu 
SEISMCO 

SETMCO 

~ .a~4 .2 .7~ .~ .4 .12~ ,12 .7716 .0 ,110 .  
*NCOPV, CHANGE WWBER=200DO, OLO SET=N34, SHI FT ,NEW 
s E i - n c o  
.a, 

SET=I(CO 
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INPUT FILE Mco7.txt 

4.834.2.78.0.4.424,12.7716,0.120. 
*NCWY.CWANGE NUUBER~21OOO.OLO SET=N34.SRIfT.YEU 
S E I W I I C O  
.O, 
4.834,2.7~,0.4.424.12.7716,0.135. 
*NCOPY.CWA.WGE WU)(BER-22000.OLO SET.N3L.SWlFl.NEY 
SET.I(CO 
.O, 
4.834.2.78,0,4.424,12.?716,0,150. 
*NCOPY,CRAWGE NUMBER.23000,OLO SET=N34,SRIFT,WEY 
sET.nca 
.O. 
4.834,2.78,0,4.L24,12.7716,0,165. 
*NCOPY.CHANPE NUMBER*24000.OLO bET*N34,SHlfT,NEU 
SETsRCO 
.O. 
~.a34,2.7~),0,4.42~,i2.77i6,0,iao 
'NODE 
70000,1.25,0,0 
70060.1.25.1.13,O 
*NGEN,NSET-Nl 
70000.70060,20 
*MWOOE 
70120.2.13,2.01.0 
*NGEN,NSET.Nl 
70060,70120,20 
*.LICOPI,CnANGE NUUBER=lWO,OLO SeT*Nl,SHlFT.NEU 
SET.Nl.)IIILTIPLE=24 
,O. 
4.834.2.78,0.4.424.12.7716,0,7.1 
*NSEI, WSET=N2 .GENERATE 
70012.94012.1000 
70032,94032,1000 
70052,94052,1000 
70072,94072,1000 
70092,94092,1000 
701 12,94112,1000 
70132.94132.1000 
*NfILL,NSEI=Nl2,BIAS.1.01 
Nl.N2.12,1 
~ELEWENT.TIPE=C308R,ELSET-I(COB 
70001,70000,70001,71001,71000.70020,70021,71021 .7 
1020 

1200 

1300 

1400 
70304.70175,70176,71176,71175,70500.70600,71600,7 
1500 
70305.70176,70177,71177,71176,70600,70700,71700,7 
1600 
70306,70177,70178,71178,71177,70700,70800,71800.7 
1700 
70307,70178,70179,71179,71178,70800,70900,71900.7 
1800 
70308,70200,70300,71300,71200,70201,70301,71301.7 
1201 
*ELGEN,ELSET=UCOPS 
70301,24,1000.1000 
70302.24,lOOO. 1000 

70302,701 n, 701 74.71 174.71 1 TJ ,  70300.70400.71 LOO, 7 

70303.70174.70175.71175.71174.70400.70s00.71500.7 

c.7 
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70303,24.1000,1000 
7030L,24,1000,1000 
70305.24.1000.1000 - 
70306.24,1000,1000 
70307,~4,1000,1000 
70308,7,100.1,40,1.7,Z4.1000,1000 
*mpc 
bearn.70541.70240 
bem.71541.71240 
bccm,72541.72240 
brm.73541..73240 
bram,74541,74240 
bc~m.75541.752LO 
bcm,76541,76240 
bean,77541,77240 
bcnm.70541.78240 
beam,79541.79240 
bcam.80S41.802LO 
bcim.81541,81240 
bcam.82541,82240 
bsam.83561.83240 
bem,84541,84240 
bean.8SSLl.85ZLO 
beam. 865 4 1,86240 
beam,87541,87240 
beam.88541 .e8240 
beam,89541..99ZLO 
beam.90541,90240 
bcam.91541,91240 
beam,92541,92240 
beam, P3541,932LO 
bcam.94541.942LO 
bcan.70541,70240 
besm.71541.71340 
bearn.72541.72340 
beam;73541:fi340 
bmn.74541.74340 
beam.75541.75340 
bcam,76541,76340 
bem,77541,773LO 
b.m.78541.78340 
beam.79541.79340 
beam.80541.80340 
bram.81541.81340 
bcm,82SL1,82340 
b~arn,83541,83340 
bcsm.84561.84340 
bem,.¶5541.85340 
bram.86541.86340 
btam,87541.8?340 

beam.89141.89340 
bem.90541.90340 
b.am.91S41.91360 
b.m.92541.923LO 
btm, 93541,93340 
bem.94541.94340 
b~am.70541.70440 
baam.71541.7lL40 
besm.72541.72L40 
beam.735C1,73440 
btrm.74541.7L440 
bam,75541.75LCO 
bem176541.76440 
beam.775C1.77440 
b.am.78541.78440 
bcm.79541.79440 

Drlm.88561.883&0 



. .  .. 

APPENDIX C SECTION ONE 
INPUT FILE Mco7.w 

beam.ao541 ,a0440 
b8am.a1541,a1~~ 
b ~ ~ , a 2 5 ~ , 0 2 ~ ~  
b.~m,a3541.e3440 
beam.04541.04440 
b..m.a~541.as44~ 
bcam.ab541.86450 
beaa.an41.a744~ 
bcam.BB511.M440 
beam. a9541 ,89440 
bcm.9O541.90440 
b8aa.91541.91440 
bcam.92541,92440 
bcam.P3541,93440 
baam.94541.94440 
bcam.70541.70540 
bcam.71541.71540 
bcam.72541.72540 
bcam.73541 ,75540 
bcam.74541.74540 
benm.75541.75540 
bcam.76541.76540 
bcmn.77541 ,77540 
bcam.7ad541,7a540 
bcam.79541.79540 
beam.a~541,8a540 
beam.81541.a15~0 
baem,a25&1 ,a2540 
beam.a3~41 ,a3540 
bsmm,a4541.a454~ 
benm.a5541,a~%0 
besm,a6~41.a6540 
btm,a7s41 ,117540 
benm,aas41,aa54o 
b.am,a9~41.a9~4~ 
bcam.90541.90540 
bc.m.91541.91540 
hem. 92541,92540 
b.am.93541.93540 
bcam.94541.94540 
besn.70541.70640 
beam,71541,71640 
beam, 7254 1.72640 
beam.73541,73640 
bcam.74541.74640 
beam.75541.75640 
beam.76541,76640 
beam.77541.77640 
beam.7a541.78640 
bcam.79541.79640 
bcam.aos4i ,80640 
bcam.ais6i.ai64~ 
beam,B2541,82640 
bcam.a3561.a3640 
bcam.04541 .a4640 
bcnm.85541 ,a5640 
bcam.M541 ,Mb40 
bcam,i37541.87640 
bcam,aa~41.~61,0 
bram,a9541 ,a9640 
beam.90541,90640 
bcam.91541.91640 
besm.92541.92640 
beam.93541.93640 
bcarn.94541.94640 
beam.70541.70740 
bcan,71S41,71740 

beam, 72541,72740 
bmm.TJ541.73740 
beam, 74541,74740 
bcm.75541.75740 
b.am.76541.76740 
beaa.77541.77?40 
bean,7a541.7(1760 
beam.79541,79740 
beamn.ao541.aa?40 
beam,a1541.01740 
besm.OZS41.L12740 
be0m. a3541 .a3740 
bcam.04541.04740 
braa,a5541,8S74O 
bcam.86541.Bh7LQ 
bcam,a7541,a7740 
bcarn.aas41.a8740 
bram.a~s41.a9740 
bcnm.9OS4T.90140 
bcam.91541.91740 
benm.92541.92740 
beara.93541.93740 
beam.94541 .94740 
bcem.70541.70840 
bcm.71541.7la40 
beam.72541.72aLO 
beam.73541.73040 
bcan,74541.741140 
beam, 75541,75a40 
benm,76541.76040 

benm.78541 ,raa40 
brm.79541.79a40 
bcam,ao5~~.ao1~0 
bcm.ais6i.aia4o 
beam.a2s~~.a284~ 
beaa.a354i.a3~0 
bcam.lb541.148bQ 
bcam.85541 ,a5a40 
bean.86541 .abab0 
bean.a75f.1.a7a40 
bcam.aas61.aaau 
beam.a9~41,a~a4~ 
benm,90541,9oa1,~ 
brm.91541.91840 
beam.92541.92840 
baarn,9354 1.93040 
bnn,94541.94040 
beam.70541,70940 
bcam.71541.71940 
besm,72541.72940 
beam,73541.73940 
beam.74541.74940 
b.am.75541.75940 
b8an,76541.76940 
bcam.77541.77940 
bem,78541,7a940 
b.m.79541.79940 
beam.805~1.ao~40 
bean.01541 , O ~ P ~ Q  
bsm,a2541.a2940 
bcam,a3541.a3940 
btm.a1s4 1,04910 
bc.m.assb1.a594~ 
bcam,ab541,a694~ 
bean.a?54~.a7940 
beam.aa~41.ao94~ 

bean.77541.77840 
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b~w1.89541.8W40 
b*m,90541,90940 
bem,91541,91940 
brm.92541.92940 
bmi.93541.93940 
bem.94S41.94940 
'ELEMENT, TYPE-UIIS,LLIEl=UCOPL 
70205,70540,71540.71541.70541 
*ELGEN,ELSETWCOPL , 
70205,36,1,1,24,1000,1000 
** nco boftm center 
"0% 
60000,-1.08.0,O 
66000. - .7637.0, - .7637 
*NGEN,NSET-Ll 
60000,66000,1000 
*NODE 
60012,1.08,0,0 
66012..7637.0.-.7637 
*NGEN,NSEl.L2 
60012,66012,1000 
."""e ..__- 
60006.0.0.0 
66006.0 ,O. - 1.08 
*NGEW,NSET.L3 
60006,66006,1000 
*NF1LL.NSET=Ll2 

*NF ILL,NSET=L14 
L12,L13,3,20 
*ELEHENT,TYPE.C3D8R,ELSET.ICOB 
60101,60000.60001.61001,61000,60020,60021,61021,6 
1020 

*ELGEN,ELSET=EB2 
60001,6.1000,1,3,20,6 
*ELEnEUl,TYPE~C3DBR,ELSET~E83 
60019.6601 2,76000,77000,6601 1,66032,76020,77020.6 
6031 
60020,6601 1,77000,78000,66010,6031,77020.78020.6 
6030 
60021,66010,78000,79000,66009,66030,78020,79020,6 
6029 
60022,66009,79000,80000,66008,66029,79020,80020.6 

60023,66008,80000,81000,66007,66028,~0020,81020,6 
6027 
6002L,66007,01000,82000,66006,66027,111020,0202O66 
6026 
60025,66006,82000,83000,66005,66026,82020,83020.6 
6025 
60026,66005.83000,84000,66004,66025,83020.84020.6 
6024 
60027,66004,84000.85000,66003,66024,114020,85020~6 
6023 
6002~,66003,85000,86000.66002,66023,85020,06020~6 
6022 

6026 

- 
60029,66002,86000,87000,66001,66022,C4020,87020,6 
6021 
60030,66001,87000,88000,66000,66021.87020;88020.6 
6020 
60031,66000,M000,89000,65000,66020.88020,09020,6 
5020 
60032,650OO. 89000.90OO0,b1000.65020,89020,90020, b 
4020 
60033.64000,90000,91000,63000,64020,90020,91020,6 
3020 
60034,63000,91000,92000,62000,63020,91020,92020,6 
2020 
60035,62000,92000,93000,61000,62020,92020,93020,6 
1020 
60036,61000,93000,94000,60000,61020.93020,94020,6 
0020 
'ELCOPY,ELEMENT SUI FT~l8.OLO SEI.EB3,SRIFT 
NODES.20, NEU SET=EB4 
*ELCOPY,ELEMENT SHIFT=18,OLO SEI=EB4,SWIFI 
NOOES.20, NEU SET-EBS 
*ELSET,ELSET=MCOB 
EB2.E03,EB4,EB5 
** nco cop center 
*NODE 
50000,-8..118,0 
56000.-1.,148,-8.5 
*WGEN,NSET.Tl 
50000,56000,1000 
'NODE 
50012,10.8,1~8,0 
56012, 9.1.168.-3.77 
'NGEN ,NSETsT2 
50012,56012,1000 
"WE 
50906.5.8.148.0 
56006,5.8,148,-7.97 
'NOEN,NSET*T3 
50006,56006,1000 
*NFILL,WSET-I12 
11.T3.6.1 
13,72,6,1 
*NCOPY,CHANGE NUMBERs20.0LD EET~112.S~IF1,NEY 
SET.Tl3 
-0.4920.11.9899,O 

*ELEMENT,TIPE=C308R,ELSETd4COl 
60601.50000.50001,51001,51000,50020,50021,51021, 
1020 
*ELGEN,ELSET-Ut01 
60601,12,1,1,6,1000,12 
*ELEMENT,TVPE=CS08R,ELSET=EBll 
50001,50012,70576,71576,51012,50032,70577,71577, 
1032 
*ELGEU,ELSET*E811 
50001,6,1000,1 
*ELEMENT, TYPE~C308R. ELSETxEBl2 
50007,56012.76576.77~76.56011.56032.76577.77577, 
6031 
5W08.56011~ 77376 I 78576,56010.56031,77577.78577,5 
6030 
50009.56010.78576.79576.56009.56030.78577.79577~~ 
6029 
50010,56009,79576,80576,56008,5602P,79577.80577.5 
6028 
50011,560011,80576,81576,56007,56028,80577.8157~~~ 
6027 
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50012,56007,81576,82576,56006,56021,81577,82577.5 
6026 
50013,56006,8257b,83576,50005,56026.82577,03577,5 
6025 
5001L,56005,83576,84576,56004.56025,83577.04577,5 
6024 

6023 
50016,560~3.85576.86576,5b002,56023r05577.86577,5 
6022 
50017,56002.86576,8757b,56001.56022.~6571.07577.5 
6021 
5001 8.5600 1.07576.00576.56000.56021~ 8?577,88577,5 
6020 
50019.~6000.61)576.89576.55000.56020.88~?7,~95~,5 

~ o o i ~ , ~ 6 o o ~ . ~ ~ ~ ~ 6 . a ~ ~ ~ ~ . ~ 6 o o ~ , ~ ~ o ~ ~ . ~ ~ ~ ~ ~ . ~ ~ ~ 7 7 . 5  

.~ 
5020 
50020,55000,89576,90576,51000,55020,09577,90577,5 
LO20 ;coil ,5.(000,90576,91576,53000,54020,90577,91577,5 
3020 
50022,55000.91576,92576,52000,5S020,91577,92577,5 
2020 
50023,52(100,92576,93576,51000,52020,92577.93577,5 
1020 
50021~51000,93576,94576,50000,51020,93577.91577.5 
0020 
*ELSET.ELSET=NCOT 
EBll.EB12 

*ELSET,ELSET.MCOBB,GENERATE 
70019,82019,1000 
70010,82010,1000 
70017,02017,1000 
70016,82016,1000 
70015,82015,1000 
70014~82016,1000 
.ELSET,ELSET-MCOBF,GENERATE 
70019,82019,1000 
70039,82039,1000 
70059,82059.1000 
70079,82079,1000 
70099,82099,1000 
70 1 19,821 19,1000 
70159,82139,1000 
*ELSEf,ELSEl-MCOTR 
70239 
*ELSET.ELSET-WCOTL 

t. 

93239 
*ELSET,ELSET.~COS~.bENERATE 
70202.70215.1 

, 71202;71215;1 
72202,72215.1 
73202,73215.1 
74202,71215.1 
75202,75215,l 
76202.76215.1 
77202; 7721 5; 1 
78202,70215.1 
79202,79215,l 
** add basket support plate. 
*nadc 
4Oi~0,1.25.2.01 ,O 
10200,1.25,3.25,0 
40154,11.01,2.01 ,O 
40214:ll.01.3.25 .O 
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*NCOPY,CHANGE NWBER=2OOO,OLD SET-brpl .SHlFT,NEW 
SET=bsp3 
" 

.U. 
4.834,2.78.0.4.424.12.7716,0,30 
*NCOPI,CHANGE NUMBER-3000.0LO SET.bsp1 .SHI F1,NEY 
SET.bsp3 

4.834,2.70.0.4.424,12.?716,0,60 
*NCOPI,CHANGE NUIIBER-4000.0LD SET=bapl,SHl~T.NEY 
SET-bsp3 

4.034.2.70,0,4.121.12.?716~0,60 
*NCOPI,CHANQE NUMBER=SOOO.OLO SET-brp l ,SHl l l .NEY 
SETsbsp3 
.os 
1.034,2.70,0,4.424,12.7716,0,90 
*NCOPY.CHANGE NUMBER.6000.OLO SET=bspl,SHIFT,NEY 
SET=bsp3 

.o, 

.o, 

.O. 
1,831.2.78,0,1.124,12.7716,0,120 
*NCOPI.CHANGE hW8ER-7000.0~0 SET-bspl,SH~fT.WEU 
SET.brp3 
,o. 
1.834.2.70,0.1.424.12.7716,0~120 
'MCOPI.CHANGE NUIIBER~IU)OD.OLO SETrbspl,SNIFT.NEU 
SET.bsp3 

4.~34,2.70,0,4.424.12.7716,0,150 
*WCOPY,CMNGE NUMBER=POOO,OLD SET-bspl,SHIFT,NEU 
SET=bsp3 

to, 

SEl=brf i  
.O. 
6.031.2.78.0.4.424.12.7716.0.26.7450 
'NCOPY,CnANGE NUUBER=ZOOO,OLD SET*bspZ,SHlFT,NEU 
SET.brp4 
,O. 
4.834,2.70.0,4.421.12.7716,0,30 
'NCOPY,CHANGE NUMBER=JOOO,OLO SEl~bcpZ,SHl~T,NEU 
SErsbrp4 
,O. 
1.634,2.76.0,4.124.12.7716.0.33.2512 
*NCWY,CHANGE NUHBER=4OOO,OLO SET=bcpZ,SHlFT,NEY 
tEr-bsp4 
.O. 
1.831.2.76,0.4.124.12.7716.0.86.7158 
*YCOPY,CnAHGE NUHBER=SOOO,OLO SET-bspZ,SHlfT.NEU 
SET=bspl 
.Os 
1.031,2~78.0.~.121.12.7716~0,90 
*NCOPY.CHANGE NUMBER=60OO.OLD SET=brpZ,SHlFT,NEY 
SET.bsp4 
.o. 
4.034.2.70.0.4.424.12.7716,0,93.2542 
*NCOPY,CHANGE NUMBER=7000,0LO SET.bsp2,SHlFT.NEU 
SET=bspl 
,a. 
4.(u4.2.70.0.~.124.12.7716.0.146.?450 *ngen;nset*iaspl . 

10110,40200.20 
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*NCOPY,CHANGE llUnBE11-0000,OLD tEl=bsp2,S~lFl,NEU 
SEVbSpL 
.o. 

SET=brpl 
8 0 .  
4.834.2.?8.0.4.424,12.?716,0,~53.~542 
*nret,nret=bspS 
bspl 
*nset,nrmt=brpC 
brp2 
*nfl l l ,nretmco 
b1p3,bsp4,14,1 
'ELEMENl,TVPE~C3OIR,ELSEl~b~p 
97001,41140,41141,42141,42140,41160,41161,42161~4 
2160 
97101.42140,42141,43141,43140,42160,42161.43161.4 
33hn - 
*ELGEU,ELSET-brp 
97001.14.1,1,3,20,14,3,3000,200 
97101.14.1.1.3.20.14.3.3000,200 . . . . .  
*mpc 
11nk.43140.441LO 
11nk;L3160;44160 
llnk.43180.441110 
L~nk.43200.442OO 
llnk.46140.47140 
IInt,46160,47160 
I lnk,46180,471110 
Llnk.46200.47200 
*ELSET, ELSETIMCOSL 
MCOT, MCOB 
'SOLID SECTIOII, ELSET=MCOSL, WIERIAL.SS304 
'SOLI0 SECTION, ELSET=MCOPS, MAlERIAL=SS304 
*SHELL SECTION. ELSET-MCOPL. MATERIAL=SS304 
0.5 
*SOLI0 SECTION, ELSEl=brp, MATEIIAL=SS304 
~nsct.nact=bapb.gen.r.t. 
S0140.40154,l 
41140.41154.1 
42140.42154.1 
43140,43154.1 
44100.44154.1 
k5140.45154,l 
46140.46154.1 
47140.47154.1 
k8140.48154.1 
k9140.49154.1 
*nret,nl~t.brpt,genrr8ta 
40200,40214,l 
41200.41214.1 
42200,42214.1 
432OO.LS214, 1 
L42OO.LL214.1 
L5200.45214.1 
46200,462lL.l 

48200,48214,l 
l9200.49214.1 
*NSET,NSET-HCO 

47200.47214.~ 

N34,sB,ST,Nl2,L14,TI2,li3 
bspt,bspb 
*ELSET. ELSET-WCO 
MCOPL, IKOSL, ncopa, bsp 
*el~ct.elsat~rrobt,~~n8r8tc 
70101,93101,1000 

c-1 1 

70102.93102.1000 
70103.93103.1000 
70104,93104.1000 
70105.9310S. 1000 
70106.91106; 1000 
70107,93107,1000 

70109,93109,1000 
70110,93110,1000 

70108,9310a.1000 

70111,93111,1000 
70112,93112,1000 
'~Lset.alset~mco~1 ,generat* 
70133.9s133.1000 
70153,93153,1000 
70301.93301.1000 ..---.. - - - -  
70308,933O~,lOOO 
7031 5,93315,1000 
70322,93322,1000 
70329,93329,1000 
703S6.93336.1000 
*.)(SET, NSEI=HCOSY ,GENERATE 
70000,70999,1 
94000,94999.1 
50000,50999,l 
60000,60999,1 
79140.79200.20 
'BWNOARY 
MCOSY, 2S1M 
* . e n d  of 1110 

CSB-S-0073 
!. 
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INPUT FILE Bskla4.M 

** urkla4.txt 
*SYSTEM 

4 .4240.12.7716. 0 
4.7003. 6.osn. 0 .  14.6919.6.447s. o 

'NCOPY ,CHI 
sET=nbskl 
.O. 
~.7oo~,~.o~n,o,4.424o,i2.77i6.o,~.7s 
*NCOPY,CHANGE WUUBER=2,0Lo SET=nbrkO,SHlFT,NEU 
SETmnbakl 
,O .  
~.7oo3,6.osn,o.4.~~4o,~~.77~6.o,7.~ 
*NcOPY,C~ANGE WUUBEW3,OLO SET=nbakO,SHIFT.NEY 
SETwbakl 
.O. 
4.7003,6.03n3.0,4.4240,12.7716,0,11.25 
*NCOPY,CHANGE WuuBER.4,OLD SET-nbakO,SHlFT.NEV 
SETanbskl 
. O ,  
~ . 7 o o ~ , ~ . o ~ n , o , 4 . 4 2 4 o , i ~ . 7 7 i ~ , o , i s .  
'NCOPY. CHANGE NUHBER-5 ,010 SET=nbakO, SH1 f T I  NEW 
SET-nbskl 

*NCOPY,CHANGE NUMBER=6,OLo SET-nbrkO.SHlFT.NEV 
SETmbskl 

. o s  
~ . ~ o o ~ , ~ . o ~ n , o . ~ . ~ ~ ~ o , i ~ . 7 7 i 6 , o . i ~ . ~ s  

SET=nbakl 
.o. 
~.7oo~,6.o~n,o,~.424o,~2.77~~,o,~6.~s 
*NCOPY,CHANGE NUMBER=8,OLO SET=nbskO,SHlFl,NEU 
SET=nbakl 
. O .  
4.7003,6.03n,0,4.4240,12.77i6.0.30. 
*NCOPY.CHANGE NUMBER*9,0LD SET=nbrkO,SUlFT,UEY 
SET-nbskl 
.o. 
4.7003.6.0373.0,4.4240.12.7716,0,36. 
*NCOPY,CHAWGE WUM8ER=lO,OLO SET~nbakO.SHlFT,NEY 
SETinbskl 
.O. 
4.7003,6.0373,0,4.42~0,12.7716,0,~2 
*NCOPY,CHANGE NUWBLR=ll.OLO SET-nbskO.SHIIl,NEU 
SET-nbrkl 

4.7003,6,0375,0,4.4240,12.7716,0,48. 
*NCOPY,CHANGE NUIIBER~l2,OLO SET-nbakO,SHIFT,NEV 
SET-nbrkl 
,O. 
4.7003,6.0373,0,4.~240,12.7716,0,54~ 
*NCOPI.CHANGE NUMBER=l3,OLO SET-r\brkO,SHlFT,NEV 
SET=nbrkl 
.O. 
4.7003,6.0373,0,4.4240,12.77(6.0,60 
*NCOPY,CHANOE NUMBER=~~,OLD SET=nbakO,SHlfT.NEU 
SET=nbrkl 
. O .  
4.7003,6.05~,0.4.4240,12.7716,0,67~5 
*"COPY ~ CHANGE NUMBER-15,OLD SET=nbskO,SHl FT.NEU 
SET-nbskl 

.O. 

.O.  
~ . 7 o o ~ , 6 . o ~ n . o . 4 . 4 2 4 o . i ~ . ~ 7 i ~ , o , 7 ~ .  

c-I? 
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*NCOPY,CHANGE WUUEER.16.0LD SET=nbskO.SHl~T,NEY 
SETsnbskl 
.O. 
4.7003.6.03n.0.4.4240,12.7716*0.(12.5 
*NCOPY;CHAWGE. NUUBER4 7,OLO SEl&skO,SH I FT,NEU 
SET-nbrkl 
. O .  

*NCOPY,CHANGL NUM8ER-18,OLO lET~nbakO.SNlF~,lEU 
4.7003.6.0373.0.4.4240.12.7~16.0.90. 

SEI=nbskl 
.O. 
4.700~,6.0~n.0,6.~~40.i~.~~16,o, loo. 
*NCOPY,CHANGE WLWER.19,OLD SET=nbrkO.SHIF1,NEY 
SElnnbakl 
.O.  
4.7003.6.0373.0.4.4240.12.7716.0.110. 
*WCOPY,CHANCE NUUBER.20,OLO SET-nbskO,SHlFl,NEW 
SET-nbskl 
.O. 
4.7003.6.0373.0.4.4240.12.7716.0.120. 
*NCOPI,CUAUGE NUMBER~21,OLO SET=nbrkO,SHlFT.WEY 
SEl=nbrkl 
. O .  
~.7003,6.0373,0,4.4240,12.7716,0,1S5. 
*NCOPY,CHAhGE NUUOER=ZZ,OLO SET=nbakO,SHlFT,NEU 
SET-nbskl 
.O. 
4. i303,6.0373,0,4.4240,12.7716,0.150. 
*NCOPY,CHANGE WUMBER=23,0LO SEl=nbakO,SHlFT,NEU 
SET-nbskl 
.O. 
4.7003,6.0373,0,4.4240,12.7716,0,165. 
*NCOPY,CHANGE WUUBER=24,OLO SET-nbskO,SHIFT,NEY 
SET=nbrkl 
.O. 
~ . 7 ~ o ~ . ~ . o ~ n , o . ~ . ~ ~ 4 o , i ~ . 7 ~ i ~ , o , i ~ o .  
*nrct.nrct=nbskl 
nbfkO 
*node 

*node 
31025.10.6.0.0 
31103, 9. ,O,-3.P6 
*ngcn;nret-brkt2 
31025,31105.15 
'node 
31031.0.0.0 
31 ~09.5.7.0, -7.9 
*nscn,nsec=bak13 
51031,31109,13 
*nfill,nsct=nbakl 
bskt2,bsk13,6,1 
bakt3,bakCl,6,1 
*NCOPY,CHAWGE WUIIBER~20O.OLO 
SET.nbrkl,SHIFl,NEY SET-nbakl 
-0.041.0.9W2 
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I 

4.7005,6.0573,0,4.4240,12.7716,0.60. 
*node.nsct*nbskp 
31400,,6.0 
51101. ,16,O 
31402,,25.166.0 
*nset, nsct.nbsk1 
nbskp.bskp0 
*NCOPY,CHANGE NUIIBER=lOOO,OLD SET=nbskl,SHliT.NEY 
SEl=nbsk 
-0.9199.23.1465 

*NCOPY,CHANGE NUMBER=ZOOO,OLD SET=nbskl.SHlFT,NEU 
SETwbsk - 1.8996.46.2930 

*NCOPY,CHANGE NUWBER~3OOO.OlD SET=nbskl, SHl F1,NEU 
SET-nbsk 
-2.8497.69.1396 

*NCOPY,CHANGE YUMBER=4000,OLO SET=nbskl.SHlFl,NEU 

-3.7996.92.5061 

*NCOPY, CHANGE NUMBER=5OOO,OLD SETmnbskl, SWI F l  ,NEU 
SET=nbsk 
-4.7495.115.7326 

*nset,nact=bsk 

SET-nbsk 

nbsk,nbskl 
*ELEMENT.TIPE-C300R.ELSET.blrO 
31001,31025.31000,51001,31038,31225,31200,31201,3 
1238 
31002,31036,31001,31002,31051,31236,31201,31202,3 
1251 
31003,31051,31002,31003,31064.31251,31202,31203,3 
1264 
31004,31064,31003,31004,31077,31264,31203,31204,3 
1277 
31005,31077,31004,31005,31090,31277,31204,31205,3 
1290 
31006,31090,31005,~1006,31103,31290,3120~,31206,3 
1303 
31007,31103,31006,31007.3(104,31303,31206,31207,3 
1304 
31019,31115,31018,31019,31102,31315,31210,31219.3 
1302 
31020,31102,31019,31020,31089,31302,31219,31220,3 
1289 
31021.31089,31020,31021,31076,31289.31220,31221,3 
1276 
31022,31076,31021,31022,31063,31276,31221,31222.3 
1263 
31023,31063,31022,31023,31050,31263,31222,31223,5 
1250 
31024,31050.31023,31021,31037,31250,31223,3122~,3 
1237 
31025,31026,31025,31D30,31039,31226,31225,31236,3 
1239 
*ELGEN,ELSET=bskO 
31007,12,1,1 
31025,12,1,1,6.13.12 
'ELcopy.eLemnt sh l f t~ lOO0,o ld  aet=bskO.shlft 
nodcs-lOOD,ncu SCT=bsk 
*ELcopy,elmcnt shIft=2000,o(d sat=brkD,shlft 
nodcs-2000.ncu SET-bsk 
*ELcopy,etmmt shlf tJOO0,old sct=bskO,shlft 
nodes-3000,neu SET-bsk 
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- 
*ELeopy,tlmunt rhltt=6000,old s.t-bskO,shlft 
nodcc*LOOO.new SET=brk ~ ~~ 

*ELsopy,el&nt shlft=5000,old 
nodcs.5000,nrw SETmbrk 
'ELEHENl,lYPE=B5l,ELSEl~postc 
31101.31031.31231 
31102.31231,31400 
31103,31400,31401 
'ELEMENT.TYPEnB31,ELSET~posth 
311 11,31000,31200 
31112.31200.31~10 

set -bskO, ,*Mft 

31103~2~1.1,6,1000,~000 
*ELGEW,ELSET=porth 
31111,6.1000,1000 
31112.6.1000.1000 
31113.2.1.1.6.1000.1000 
31141,6,1000.1000 
311L2,6,1000.1000 
31143,2,1,1,6,1000,1000 
*ELGEN,ELSETepoStf 

31122.6.1000.1000 
3ii2i.6,iaoo.iooo 

31123;Z;l , l , ~ , l O O O , l O O O  
31131,6,1000,1000 
31132.6.1000.1000 
31133,2,1,1,6,1000,1000 
*elsct.clset=bsk 
brkD 
*elSet,clsctccbik 
posth.postf.postc,bik 
*SOLID SECTION, ELSETsbsk. HATERIAL-bsk 
*BEAM SECTION, ELSET-poslc. IIAlERlAL=bskp, 
SECTION=arbitrary 
L,'1.906,0,1.348,1.348,2.~375 
0.1.906.2.4375 
-1.340. -1.348.2.6375 
-1.906,0,2.4375 
*BEAM SECTION, ELSET=postf, MATERIAL=bskp. 
SECTION-trepezoid 
3.114,1.45,1.23,0 
'BEAM SECIION. ELSEl=posth. IIATERIAL=bakp, 
SECTION-trlpezold 
1.557.1.45.0.615,O 
*MATERIAL.NAHE=b5k 
T E N S I T Y  
.01556 
'ELASTIC 
28.E*06,.27 
'PLASTIC 
30032.,0.0 
100701.,0.293 
101451..0.300 



102201.,0.307 
*MATERIAL,NAWL~hikp 
*DENSITY 

*ELAS1 IC 
. o o o m  

2irE+06,.27 
'PLAIT IC 
30032.,0.0 
100701., 0.293 
101451 ..0.300 
102201 .;0.307 
9.0. 

l<k,32031,31402 
I ink.32000.31412 
Llnk.32013.31122 
Link,32020.31432 
L ink,32024,31442 
1 lnk.33031.32402 
link~33000,32412 
Iink.33013.32122 
I ink, 33020,32132 
link.33024.32112 - -  --.---- .~~ 
llnk.34031.33402 
llnk.34000.33412 
I lnk.34013,33422 
link.34020.33L32 
I ink.34024.33442 
I lnk;35031;34402 
Llnk,35000,34412 
I i nk.35013.34422 
Link.35020.54132 
Ilnk,3S024,34442 
link.36031,35402 
I lnk.36000.35412 
1 lnk.36013.35422 
1 ink.36020.35432 
link.36024.35442 
*nIret,elnnt.bnkbl.stner~te 
31001,31024,1 
.eLret.al..t.brkb2,penerntr 
32001,32024,l 
~cLast.eIeet~brkb3,panerrcn 
33001,33024.1 
~el~et,eLsct-bskb4,seneratn 
34001.31024,l 
' e lact ,  eIset=brkb5,pennrntc 
35001.35024.1 
*~~~nt,elret.bsk~,genrrnta 
36001.36024,l 
~~lsnt,nIrct~brksl,prn*rite 
31025,31096,l 
*e1rct.el~et.bskt2.~enernt~ 
32025,32096.1 
. e I i n t . e l s e t = b a k c 3 , ~ e n e r ~ t ~  
33025.33096.1 
+ ~ L i e t , e l r c t ~ b ~ k c 4 , p e n e r ~ t e  
34025,34096.1 
*nLs~t,~Iect=brkc5,oen~rete 
35025.35096,l 
*elret,nLiet=b~kc6,~nntr~tn 
36025,36096.1 
*nset.nbet=8SYSY,Oenerate 
31000.36000.1000 
31024.36021.1000 . .. 
31025;3io37;1 
51225.31237.1 
32025.32037.1 

APPENDIX C SECTION ONE 
INPUT FILE Bskla4.M 

32225.32237.1 
33025.33037.1 
33225.33237.1 

31401 136401 1000 
3i~o2;s64oi;iooo 
31110.36410,1000 
31411,36411,1000 
31112,36412,1000 
31440.36410.1000 
3141(1;36441; 1000 
31442,36442,1000 
*BWNOARY 
BSKSY, ZSYWU 
** and O f  111. 

SNF-5204, Rev. 1 
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tube **standard rtornge 
VOOE 
100.13.5.0.0 
104,14.0,0,0 
106.14.5,O.O 
*NGEN.NSET.SSNl 
100.104,l 
104,106.1 
*NmE 
lL0,13.5,0.5.0 
164#  14.5.0.5.0 
lL6,15.0,0.5,0 
*NGEN.NSET-SSN2 
160.144.1 
lb4.146,l  
. d M S  

113.19.0.0.0 
*NGEN.NSET=SSNl 
106.113.1 
WOOE 
193,19.5,0.5,0 
~UGEY.NSET~SSN2 
I l b .  153.1 . . ~ , ~ . ~ ,  
*NFILL,NSET.tlms8 
SIN1 .SSN2,2,20 
*NWE 
460.16.50.3.5,O 
468,18.25,3.5,0 
*NGEN,NSET=SSN3 
460.468.1 
*NODE 
473.19.50.3.5.0 
*NGEN, NSET-SSNS 
4b8,473.1 
*NFlLL,NSEl- t lange 
SSN2,SSN3,16,20 
*NODE 

0,-10.0, 0,10,0,30. 
*NCOPY.C~AWGE NU~BER~POOO,OLOSET~FLANGE,S~FT 

0.-10.0, 0,10,0,56. 
*NCOPY,CHANGE NU~BER~lOOOO,OLOSET~FLANGE,SHlFT 

0.-10.0. 0,10,0..cz. 

0.-10.0. o,.lo,o.n8. 

*NCOPY,CHANGE NUl lBER~l1000.OLOSE~~FLANGE,S~lFT 

*NCOPY. CHANGE NUHBER~l2OOO. 0LDSET.I LUGE ,SHl F T  

*NF 1LL.NSET.f langc 
ISNS,SSN4,2,20 
*NCOPY,CHANGE NUUBER~1000,OLOSET~FLANGE,SHlFT 

0.-10.0. 0,10,0,60. 
'NCOPY,CHANGE NU)IBER~14000.OLOSET~FLANGE,SHlFT 

0, -10.0, 0,10,0.67.5 
*NCOPY, CHANGE NLIMIER~ISOOO, OLOSET=FLANGE, SH I F T  

0. -10.0. 0,10,0,75. 
*NCOPY,CHANGE NUHBER-1600O.OLDSET~FLANGE.SHlFl 

0.-10.0. 0,10,0,82.5 
*NCOPY,CHANGE NU~BER~17OOO.OLOSET=FLANGE,SHlFT 

0.-10.0, 0,10.0,90. 
*NCOPY,CHANGE NUMBER=l8OOO,OLPSET=FLANGE,S~lFT 

0.-10,o. 0,10,0,100. 
'NCOPY ,CHANGE IUHBER=lWOO,OLOSET.FLANGE,SHl FT 

0,-10.0, 0,10,0,110. 

0..10.0, 0.10.0.120. 

.NCOPY.CHANGE NUHBER~20000,OLOSET=FLANGE,SHlFT 

*NCOPY,CHANGE N U Y B E R = ~ ~ ~ ~ ~ , O L O S E T . P L A N G E , S H I F T  

0,-10,0, 0,10,0,135. 
*NCOPY,CHANGE NUYBER~22OOO,OLOSET~FLANGE,SHlFT 

0,-10.0. 0,10,0,150. 
*NCOPY,CHANGE NU~BER=23OOO,OLDSEI=FLANGE,SHIFT 

0.-10.0. 0.10.0.165. 
0, - 10,O. 0,10,0,3.75 *nCOPc , ~ H A ~ G E ' N ~ M B E R ~ 2 4 O O O , O L O S E T = F L A N G E ,  PHI FT 
*NCOPY,CHANGE NUt4BER-2OOO,OLOSET~FLANGE,S~lFT 

. , . . , . , . , . -, -, . . . . 
0,-10,o. 0,10,0.7.5 *ELEMENT,TYPE=C3D8R,ELSET=FLANG 
*NCOPY,CHANGE NUMBER=3000,0LDSCT=FLANGE,SHlFT 1,100.101.1 101.1100,120.121,1121,1120 

*ELGEN.ELSEI=FLANG 
O,-~O,O, 0.10.0.11.25 1,18,20,1,13.1,18,24,1000,1000 
*NCOPY.CHANGE WUWBERnCOOO,OLOSEl=FLA~GE,SHlF~ . .ELEMENT.TYPE.CSDIR.ELSET.FLANG 

0.-10.0. 0.10.0.15. *ELGEN,ELSET~FLANG 
*NCOPI,CHAYGE NUWBER=5000,OLOSET~FLANGE,SHI~T 235,2,20,1,5,1,2,2'+,1000.1000 

235,~68,469,1469,14b8,lM.489.1489.1488 

t. 

0;10,0, 0.10.0.18.75 *NODE 
*NCOPY,CHANGE NUMBER-600O,OLOSET~FLANGE,SHlFT 600.13.5.-26.25 

604.14 .O. -26.25 
0,-10.0, 0.10.0.22.5 *NGEN.NSET-SSSl 
*NCOPY.CHANCE NUnBER~7000.OLOSEl=FLANGE,SHlFT 600.60k. 1 

'NODE 
0,-10.0. 0.10,0,26.25 660.13.5, -20.25 
*NCOPY,CHANGE NUnBEI~~OO0,0LDSE1~~LANC€,SHl~T 666, (6 .0 .  -20.25 
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*NGEN,NSCT65S2 
660,664.1 
*HFlLL,HSEl-SS12 
5591 ,SSS2,12.5 
*NODE 
665.13.5.-20. 
669.14.0.-20. 
*NGEH,NSET6SS3 
665,669.1 
*NmE 
860,13.5,-0.5 
864,14.0.-0.5 
*NGEN,NSEl.SS54 
860.864.1 
*NFILL,NSET=5S~4 

’NOOE 
SSS3.SSS~.39,5 

865,13.50.-0.25 
869,14,00.-0.25 
870.14.25, -0.25 
*NGEN,NSETmS5SS 
865.869,l 
*NSET,NSET=TUBES 
SS12,SS34,SSS5,870 
*NCOPY,CHANGE NU~BER~lOOO,OLDSET.TUBES,SHlFT 

0, - 10.0. 0.10.0.3.75 
*NCOPY,CHAWGE WUYEER~2OOO,OLOSET~lUEES.SHIFT 

0,-10,0, 0.10.0.7.5 
*NCOPI,CWANGE N U ~ B E R ~ 3 O O O , O L O S E T ~ T U B E S , S H l ~ T  

0,-10.0. 0.10,0,11.25 
*NCOPI,CHANGE NUWBER=4000,0LDSET=TUBES,SHlFT 

0,-10.0. 0,10.0,15. 
*NCOPY,CHANGE NUUBER-SOOO.OLOSET~TUBES,SHlFT 

0, - 10 ,O.  0.10.0.18.75 
*NCOPY,CHANGE NUnBER~6OOO,OLDlET=TUBES,SHl~T 

0, -10.0. 0.10.0.22.5 
*NCOPY,CHANGE NUnBER=7000,0LOSET~lUBES,S~lFT 

0,-10.0. 0,10,0,26.25 
*NCOPV,CHAYGE NUnBER=8000,OLDSET~TUBES,SHIFT 

0.-10,0, 0,10,0,30. 
*NCOPY,CHANGE NUWBER~9OOO,OLOSC~=TUBES,SNl~~ 

0,-10.0. 0,10,0,36. 
*NCOPY,CHANGE N U ~ B E R ~ ~ O O O O . O L ~ S E T ~ T U B E S . S H ~ F ~  

0,-10.0. 0,10,0,42. 
*NCOPY,CHANGE NUWBER~11000,OLOSLT~lUBES,SNlFT 

0,-10,O. 0.10.0.48. 
*NCOPY.CHANGE ~UnBER~l2OOO.OLOSET~lUB~S,S~lFT 

0.-10.0. 0,10,0.54. 
*NCOPY,CHANGE N U ~ B E R I ~ ~ ~ O O , O L D S E ~ ~ T U B E S , S H ~ F ~  

0,-10.0. 0,10,0,60. 
*NCOPY.CHANGE NU~BER~14000,0LDSE~~TUBES,SHl~l 

0,-10,0, 0.10.0.67.5 
*NCOPY,CHANGE W U n B E R ~ 1 5 0 0 0 , O L O S E T ~ I U D E S . S H ~ ~ ~  

0,.10,0. 0,10,0,75. 
*HCOPY,CHAWGE H~~ER=lM)OO,OLOSET~TUBES.S~lFl 

0,-10.0, 0.10.0.82.5 
*NCOPY.CHANGE NU~~ER~17000,0LDSE~-TUEES,SHlFT 

0.-10.0, 0,10,0,90. 
*NCOPY,CYANGE NUnBEP=18000,OLOSET~TUBES,SHITT 

0.-10,0, 0<,10,0,100. 
*NCOPV,CHANEE NU~EER~lPO~O.OLDSET~TUE~S,SHlFl 

0,-10.0. 0.10,0,110. 
*NCOPY,CHANGE HU~BLR.20000,OLOSET.TUBEC,SHlfT 

0,-10.0. 0.10.0.120. 
*NCOPY,CHANGE N U ~ B E R ~ 2 1 0 0 0 , O L O S E T ~ T U ~ E S , S H l f l  

0.-10.0, 0.10.0.135. 
*NCOPY,CHANGE NUUBER=22000,0LOSET=TUBES,SHlF.l 

0.-10.0. 0.10.0.150. 
*NCOPY,CRANGE NUUDER=23000,0LOSCl~TUB~S,SHl~l  

0,-lO,O, 0.10.0.165. 
*NCOPY,CHANGE NU~BER~24000,0LOSE~~TUBE5,SHlFl 

0,-10.0, 0.10.0.180. 
*ELEnENT,TYPE*C3DER,ELSET.TUBES 
301,600,601,1601,1600,605,606,1606,1605 
*ELGEN,ELSETWJ8ES 
301,53,5.1,4.1,53,24,1000.1000 
~ELEHENT,TYPE.C30ER,ELSEl.TUBES 
550.865.866,.1866,1865,100,101,1101,1100 
*ELGEN,ELSET=TUBES 
550,5,1,1,2~.1000.1000 
*ELEnEYl,TYPE-CSO6.ELSET~lUBES 
556,869,870,864,1869.1870,1864 
*ELGEN,ELSET=TUBES 
SS6,24,1000, 1000 
*ELEnENT,TYPE.C306,ELSET*TUBES 
557,105,106,870,1105,1106,1870 
*ELGEN,ELSET.TUBES 
557,24,1000,1000 *. 
*NWE,WSET*SSPl 
900.13.75, -675.0 
*NWE ,NSET.SSPZ 
997,13.75,-27.0 
*NFILL,BIAS=1.03,NSET=TUBEP 
SSP1,SSP2.97,1 
*NCOPY.CHANGE NUI~ER~lOOO,OLDSET~TUEEP,SHlFT 

0.-10.0, 0.10.0.3.75 
*NCOPY,CNANGE NUnBER=2OOO,OLOSLT=TUBEV,SHlFT 

0,-10,0, 0,10,0,7.5 
*NCOPY,CHANGE NUnBER~3000,DLDSET~TUBEP,SHlFT 

0,-10.0, 0,1O.O,ll.25 
*NCOPY.CHANGE NUWBER.4000,DLOSEl.TUBEP,SWI~l 

0,.10,0, 0.10.0.15. 
*NCOPY,CHANGE NUUlER~SO00,OLDSET.TU~EP,SHlFT 

0, -10.0, O,lO,O, 18.75 

C-16 



APPENDIX C SECTION ONE 
INPUT FILE Stdrtd2.M 

*NEOPI.CHANGE NIIIIBER.6000.0LDSET-TUBEP.SHlFT 

0,-10.0. 0.10.0,22.5 
*NCOPI,CHANOE NUMBER.7000,OLDSET~TUBEP,S~lfT 

0,-10.0, 0,10,0,26.25 
*NCOPI,CHANGE YUWBEI.80OO,OLDSET=TUBEP,SHlfT 

0,-10.0, 0.10.0.30. 
*NCOPI,CWANGE NWlBCR~9OOO,OLOSET~TUBEP,S~IFT 

0,-10,0, 0,10,0,36. 
*NCoPI ,CYAWGE NUMlER.lOOOO,OLOSET=TUBEP,SHlFT 

0.-10.0. 0,10;0,12. 
*NCOPY.CHANGE WUnlER=llOOO.OLDEET*TUBEP,SHIFT 

0,-10.0. 0.10.0.41). 
*NCOPY,CHANGE NUMBER~l2OOO,OLOSET~TUBEP,SHlFl 

0.-10.0. 0.10.0.54. 
*NCOPY,CHANGE NUMBER~13OOO.OLOSET~TUBEP.SHlFl 

0,-10.0, 0.10.0.60. 
.NCOPI,CHANGE NUMBER=14000,OLDSET-TU~EP,SHl~l 

0,-10.0. 0.10.0.67.5 
*NCOPI,CHANOE NUWBER~15000,OLOSET=TUBEP,SHlfl 

O , - l O , O .  0.10.0.75. 
*NCOPY ,CHANGE NUMBER~l6OOO.OLOSET=lUBEP, SH I FT 

0.-10,0, 0.10.0.82.5 
*NCOPY,CHANGE NUn~ER-l7000,OLDSET=TUBEP,SHI'FT 

0,-10,0. 0.10.0.90. 
*NCOPY, CHANGE NlJMBER=l BOO0 ,OLDSET.TUBEP, S H I FT 

0.-10.0. 0.10.0.100. 
'NCOPY,CHANGE NUnBER~19OOO,OLOSET~TUBEP,SHlFT 

0.-10.0. 0,10,0,110. 
*NCOPY,CHANGE NU~BER=2OOOO,OLOSET.TUBEP,SHlfT 

0.-10.0, 0.10.0.120. 
*NCOPY. CHANGE NUM~ER-21000,OLDSEl=lUBEP, $HI f T  

0.-10.0. 0.10.0.135. 
*NtOPY,CHANGE NUUBER~22OOO,OLOSET~TUBEP,SHlFl 

0,-10.0. 0,10,0,150. 
*NCOPY,CHANGE NUWBER=23000,0LDSET=TUBEP,SHlFT 

0.-10.0. 0.10.0.165. 
*NCOPY,CWANGE NU~BER~240OO,OLOSET=TU~EP,S~lFT 

0,-10.0. 0.10.0.180. 
*ELEMENT,TYPE=SLRS,ELSET.TUBEP 
600,900,1900,1901,901 
*ELGEN.ELSET=TUBEP 
600,97,1,1.24,1000,1000 
*ELEMENT,TYPE-S4RS,ELSET=TUBEP 
698.997.1997,1602,602 
'ELGEN.ELSET.TU8EP 
698,24,1000,1000 
'ELEMENT,TYPe-S4RS,ELS~T=TUBEP 
699.602.1602.1607.607 

C-17 

24600.2i870,l 
901,997,l 
24901,24997,l 
gn.ct,naet=PFLl,#enerate 
900.24900,1~000 
*elset,elswt~FLGl ,OmCrete 
1.18.1 
1001.1018.1 
2001 ;zoiS;i 
3001,3018.1 
4001.4018.1 
5001.5018,l 
6001,6018;l 
7001,701(1,1 
8001,8018,1 
9001.9018.1 . .  
*elaet,elIet=FLtO,Oener~te 
217,234,l 
1217,1234,l 
243.1243.1000 
244.1244.1000 
' C ~ s C t . e I a e ~ ~ F L G B , ~ e n c r . l c  
109,217,18 
1109.1217.18 

9301,9353,l 
550,9550,1000 
'elset.elaet-TUBO,oenerite 
460.511.1 
1460.1511.1 
556,1556,lOOO 
557,1557,1000 
*BWNOARI 
FSVM, ZSIW 
PFLR, ENCASTRE 
*'EN0 OF FILE 
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. .. . 
MCO DROP ONTO SCRVICE STATIONCI(C0 s h e l l  e l  L 
baskif suppor t) 
*INCLUDE, INPUT-asos2.txt 
*INCLUDE, 1WPUT.blklea.tat 

I ,  

*IWCLUOE, INPUT-s i r v I ce . tX t  
*SYSIEM 

95011.17.5.55.0 
95013,17.5,114.15,0 
95015,13.625,128.91,0 
95017,13.625,160.,0 
*SYSTEM 
.*, 
iN&E,NSET=RGDl 
*NCOPY,CHANGE NUMIER=l ,OLD SET=lGOl ,SHl FT,NEY 
SET=RGDl 
- 0 .  ,-. 
0.0,0,0,1,0.3.75 
*YCOPY,CHANOE NUmBER*l,OLD SET*RGO3,SHlFT.NEW 
SET.RGO3 
.O. 
O,O.O,O,l,O,-15. 
*node 
95020,-12.625.100.. 
*iLiment, type-R304,eLaet=rgdl 
95001, 95001, 95002. 95004. 95003 
95002, 95003, 95001, 95006. 95005 
95003, 95005, 95006, 95008, 95007 
'element, typa=RSo4,elset=rgdZ 
95004, 95011, 95012, 95014, 95013 
95005, 95013, 95014, 95016, 95015 
95006. 95015. 95016, 95018. 95017 .* .. 
*SOLI0 SECTION, ELSET-BATCH, MATERIAL.SA36 
*SOLI0 SECTION, ELSET=GUIOE, MATERIAL.SAS6 
*SOLI0 SECTION, ELSETWCASK, WATERIAL.2136 
0.5 
* r l g l d  body, e l s t t = r g d l , r e t  nodo.95020 
1.31 
* r l g l d  body,  e l s e t - r g d 2 , r e t  nda.95020 
0.001 
'MATERIAL, NAME.SS304 
*DENSITY 
.000735 
*ELASTIC 
20.E+06..27 
*PLASTIC 
36161.0 
38390,0.02 
40405.0.05 
41  771,O .08 
45369.0.18 
51002,0.37 
127236.0.466 
*~ATERIAL,NAIIE=SA36 
'OENSIIY 
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.OD07339 
'ELASTIC 
29.5E6.0.30 
'PLASTIC 
36086,O 
38590.0.01 97 
60421,0.0904 
75291.0.1486 .. 
*BWNDARY 
9 5 0 2 0 , e n c a r t r i  
' INITIAL CONDITIONS. TYPE.VELOCITY 

BSK, 2, -264  
'RESTART, WRITE, NUMBER INTERVAL-40 
'STEP 
'DYNAMIC, EXPLICIT 
,4.E-2 
'ELSEI,ELSET.TTT 
GUIDE,HATCB.CASK.MCO,~SK 
'OLOAD 
TlT,ORIV,386.4,0,-1,0 

nco, 2, -264 

.. 
* * ' s u r f a c e  det ln l t ionr to r  S e r v i c e  S t i t l o n  
t. 

*SURFACE OEFlNITION, NAME=SSIT 
FLS1.56 

*SURFACE INTERACTION, NAME=FUl 
*fRICTION 
0.3 
*SURFACE DEFINITION, NAME.GSlF 
err.ss ---.-- 
'CONTACT PAIR, lNTERACTlON=WZ 
MCOBF,GSIF 
'SURFACE INTERACTION, NAME*FM2 
*FRICTION 
0.3 
*SURFACE DEFINITION, NAML=SSIC 
CAl l .56 
CAI2;SZ 
CAI3,Sl 
*COUTACT PAIR, INTERACTION.FM3 
MC0BF.SSIC 
*SURFACE IYTERACTION, NAmE.Fn3 
*FRICTION 
0.3 .. 
** G u i d t ,  Cask c o n t a c t  s u r t 8 c e r  .. 
*SURFACE DEFINITION, NAME=GSB 
GS11,Sl 
6112.16 
GS83,Sl 
*SURFACE DEFINITION, NAME-CAT 
CAT1,62 
CAT2,S4 
CAT3,SZ 
*CONlACT PAIR 
GS8,CAT .* 
.* 
t. 



'SURfACE OEFIUITIOU, YAME*rgdlf 
rpdl, SP05 
'SURfACE DEFlNlTlOW, NME.WCOTL 

*CONTACT PAIR,  INTERACTION~FRTL 

*SURFACE INTERACTlON, NAWE~fMTL 
*FRICTION 
0.3 

WCOTL, SPOS 

r#dlt,MCOTL 

.t 

'SURFACE DCfINITION, NAWE=rpdZf 
rpd2. 5NEG 
*SURFACE OEflNlTlON, UME.WCOTR 
HCOTR, rpos 
*CONTACT PAIR. INTERACTION=fWTR 
rgd2f,MCOTR 
*SURFACE INTERACTION, WAME.FMTR 
'FRICTION 
0.3 

*SURFACE OEfINlTlON, NAMt=blkbl 
bskbl .Sl 
bskc1,al 
bikbl,S4 
*SURFACE OEIINIIION, NAnE=b6kb2 
bskb2.31 
bckc2,sl 
bskb2,Sl 
*SURFACE OEFINITION, NAME=bskb3 
br kb3.11 

*. 

brks3, a1 
bskb3,Sl 
WJRfACE OEF I N I T ION. NAWE~brkbl 
b~kb4,Sl 
brkcl, 11 
b6kb4, E4 
*SURfACE DEfINITION. NAnE*brkbS 
bskb5, St 
bskc5, Sl 
bakb5, I6 
*SURFACE DEFINITION, WAnE.brkb6 
b$kM,Sl 
brkc6,rl 
bakbb,S4 
'CONTACT NODE SET. NAnE=bapb 
bspb 
*SURFACE DEFINITION, NAME=meo5l 
mcobt,S2 
mcosl.96 
'CONTACT P A I R ,  INTERACrlON'.BSnco 
bspb,mcos i 
*SURFACE INTERACTION. NAWE~Bsmco 
*FR I CTl ON 
0.3 
*COWTACT NODE SET, NAnE=bIpt 
brnt _ _ - _  
*CONTACT P A I R ,  lNTEIACTlON~BSKO1 
brpt.8SKBl 
*SURfbCE INTERACTION. NAUEI(E.BSKO1 
'FRICTION 
0.3 
'SURFACE OEFINlllON, NAWLmotb 
IKOt,Sl 
*SURFACE OEf INITION. NAMEWCOpI 
mcop1,mnw 
'CONTACT P A I R ,  IllTERACTION~bl 
BSKB1,mcOpl 
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*SURFACE INTERACTION, NAME*bl 
*fRlCIlON 
0.3 
'CONTACT PAIR, INTERACTION=bZ 
BSKB2,mopl 
'SURFACE INTERACTIOW, UAWE.bZ 
*fRICIION 
0.3 

'CONTACT PAIR, INTERACTION=bZ 
BSKB2,mopl 
'SURFACE INTERACTIOW, UAWE.bZ 
*fRICIION 
0.3 
*CONTACT PAIR, INTERACTION*bJ 
BSKB3,niCopI 
*SURfACL IWTERACTION, WAHE.bS 
*FRICTION 
0.3 
*CONTACT PAIR. INIERACTION=M 
BSK84,~opl 
*SURFACE INTERACTION, NAUEab4 
*FRICTION 
0.3 
*CONTACT PAIR, INIERACTlOU-b5 
BSKES ,acopl 
'SURfACE INTERACIION, NAME-b5 
* f  Rl CT ION 
n ~ 3  - ._ 
*CONTACT PAIR, INTERACTION=M 
BsK86.mcopi 
*SURfACE IWTERACTION. N A M E = M  
* f  R ICTlON 

' 0 . 3  
*t 

*WSET.NSET=NOUT 

31251,32231,33231.34231.35231.36231.94577 
70019,70000,701 79,8201 9,94019,12133,94133 

~nser,nsrt~nout,gcneratr  
31000,36000,1000 
31021,36024.1000 
31025,31037.1 
32025.32037.1 .~~~~ .~... . 
33025.33037.1 
34025.34037.1 
35025,35037.1 
36025.36037.1 
'NSET.GENERATE.NSET.TOU1 

** nodes f o r  Service Station output 

100,800.20 
**100.220,60 
24100,24220,bO 
600,810.50 

70300,91300,1000 
70301.94301.1000 
70302,94302,1000 
70303,9L303,1000 
7030C,94304,1000 
70305,94305,1000 
70306,94306,1000 
70307,94307,1000 
70308.94308,lOOO 

*ELSET.ELSET.EOUT,pen~rare 
70016,70156,20 . 70017,70157,20 
70018,70158.20 
70019,70159,20 
70160,70175,l 
71016.71156.20 

** 

II. 

z~6oa.24~so.so 

70309.94309, ioao 
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I INPUT FILE S2lO.lnp 

71017,71157.20 
71018,71158,20 
71019,71159,20 
71 160,71175,l 
72016,72156.20 
72017.72157.20 
72018.72158.20 
72019,72159.20 
72160,72175.1 
73016,731 56,ZO 

73018,73158.20 
73019,73159.20 
731 60,731 7 5 , l  
*WTWT,)IISlORT,llME INTCWAL-l.~-4 
*NWE OUTPUT, NSET=NOUT 
U , V A  
*NODE OUTPUT, NSET=TGUT 
U 
* N M E  OUTWT, NSEI=FLY 
RF 
*NOD€ OUTPUT, NSEI*FLXYL 
RF 
*WWE OUTPUT, NSEI.CAXYZ 
R F  
+na.t,nrct-rpdn 
95020 
*NWE OUTPUT. NSEl*radn 
R F  
*ENERGY output 
ALLXE 

7 3 0 1 7 , n i 5 7 , ~ 0  

*elsct .e laet*st  
hatch.cask,sulde 
*energy output ,elart=st  
.Lll.,lllpd 
*ELEMENT 
o U T P U I , E L s E T ~ E G U ~ , p o s I t I o n ~ n o d ~ ~ , v ~ r I ~ b l ~ ~ p r e ~ ~  
l cc t  .__. 
*output, f I eld,  nMber int 8rva 1.40 
*.lemlnt O u t p u t  
f,SP,MlSES,PE,PEEP,E,EP 
'node output 
u,v,rf 
*MONIlOR, NODE-70019. DOF.2 
>END STEP ' 

** end of file 
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INPUT FILE Blk1sa.w 

** markla3.txt 
*SYSIEM 
3.5355,-3.7513, 0, 13.5312,-3.4604.0 
3.3392,2.9958, 0 
*node,nittwbskO 

*NCOPV,CHANGE WUMBER=l.OLD SEl=nbrkO,SHIFT,NEV 
SETWbskl 

~ i o o a , i i . 3 i ~ ~ , o . o  

to .  
3.5355,-3.7513, 0.3.3392,2.9958, '0.3.75 
*WCOPI,CHAKGE I(UIIBERa2,OLD SEI-nbLkO,SHIFT.NEU 
SET=nbskl 
,o. 
3.5355,-3.7513, 0.3.339z.2.99~a. 0.7.5 
*NCOPY.CHANGE NUWBER=3,OLO SET.nbakO,SHlFT,NEU 
S€T=rrbskl 
IO. 
3.5355,-3.7513, 0.3.3392.2.PP58, 0.11.25 
*NCOPY,CHANGE NUMBER-4.0LD SET-nbskO.SHlFT,NEU 
SET*nbikl 
to .  

3.5355,-3.7513, 0.3.3392.2.9958, 0.15. 
*WCOPY,CHANGE WUnBER=5,OLD SETsnbrk0,SHl fT,WEU 
SET-nbrkl 
.o. 
3.5355,-3.7513. 0,3.3392,2.9958, 0.20.0 
*NCOPY,CHANGE WUH8ER-b.oLD SET.nbskO.SHIFT,HEU 
SETmnbskl 
.O, 
3.5355,-3.?513, 0.3.3392.2.9958, 0.25.0 
*NCOPY.CHANGE NUMBER=7,OLO SET=nbakO.SHIfT,NEU 
SETmnbskl 
.O. 
3 .~35~ , -3 .7~13 ,  0.3.3392.2.ws8. 0.30.0 
*NCOPY,CHAHOE NUMEER=8,OLD SET=nbskO,SHIFT,NEU 
SET-nbrkl 
.o. 
3.5355,-3.7513, 0,3.3392,2.9958, 0.37.5 
*NCOPY,CHINGE NUUBER.9,OLD SET-nbrkO,SHIFT.NEY 
SCT=nbskl 
.o. 
3.5355.-3.7513, 0,3.3392,2.9958, 0.45.0 
*NCOPY,CHANGE NUnBER=lO,OLD SET=nbakO,SNlFT.NEU 
SETmnblkl 
,o, 
3.5355, -3 -75 13 ,- 0.3 .3392,2.9958, 0 ~ 60.0 
*NCOPY,CHANEE NUMEER=11,OLO SET*nbrkO.SHlFT,HEU 
SETanbskl 
.O. 
3.5355,-3.7~13, 0,3.~392.2.99~8, 0.75.0 
*NCOPY.CHANGE NUHBER.12,OLD SET.nbikO,SHlfT,NEY 
SET-nbskl 
.o. 
3.5355,.3.7513, 0,3.3392,2.W58. 0.90.0 
*NCOPY, CHANGE NUMBER.13 ,OLD SET.nbrkO,SH I FT .NEW 
SElXnbskl 
.o. 
3.5355, -3.7513. 0.3.3392.2.9958, 0,105.0 
*NCOPY.CHANGE NUYBLR.14.OLD SET.nbskO,SHlFT,NEU 
SET-nbskl 
,o .  
3.5355,-3.7513, 0,3.3392,2.9958, 0,120.0 
*NCOPY,CHANGE NwBER.1S.OLO IET~nbskO,SHIFT,NEV 
SET-nbskl 
.O. 
3.5355.-3.7513, 0,3.3392.2.9958. 0,135.0 
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! - 
'NWPY,CHANGE NUl4lER-16,DLD SET~nbskO,EHI$T.WEU 
SET-nbrkl 
.O. 
3.5355.-3.7515. 0.3.3392.2.9958. 0.142.5 

- 

*NCOPY;CHANGE NUNBER~l7,OLO 6ET~nbikO.SHIrT.NEU 
SCT-nbrkl 
-0. . 
i;k55,-3.7513, 0,3.3392,2.99S8, 0.150.0 
*NCOPY,CHANGE NUMBEI-18,OLD SET~nbakO,SHIV.YEU 
SETmnbskl 
.O. 
3.5355.-3.?513. 0.3.3392.2.9958. 0.155.0 
"COPY ;CHANGE NUMiER-19,OLD SET;nb;kO, SH I FT.NEU 
SET-nbsk 1 
.O. 
3.5315.-3.7513. 0.3.3392.2.9958, 0.160.0 
*NCDPY.CHANGE YUMBER=ZO.OLO SET=nbskO,SHIFT.NEY 
SET.nbak1 
.O. 
3.5355, -3.7513, 0.3.3392,Z. 9958. 0,165.0 
'NCOPY, CHANGE NUMBl?R-21, OLD SETsnbskO, SH I FT ,NEW 
SET=nbskl 
,O, 
3.535S,-3.7513, 0.3.3392,2.P958, 0,168.75 
9NCOPI.CHAWGE WUMBEnr22,OLD SEl~nbskO.SW1Fl ,NEW 
SETwbskl 
.O. 
3.5351,-3.7513. 0.3.3392,2.9958, 0,172.5 
*NCOPY.CHANGE NUMBER43,OLD SET-nbskO,SnlFT,NEU 
SET-nbikl 
.O. 
3.5355.-3.7513, 0.3.3392.2.9958. 0,176.25 
*NCOPY,CHANPE NUMBER44,OLD Stl=nbrkO,SHI FT,UEV 
sEl*nbrkl 
.O. 
3,.5355,-3.7513, 0.3.3392.2.9958, 0.180. 
*nset.nict*nbskl 
nbsk0 
*nods 
31037,-10.3.0.0 
31115,-8.9.0,-5.1 
*n$rn,nset-brktl 
31037,31115.13 
%ode 

3102~,10.3,0,0 
31103, 8.9,0,-5.1 
*noen,ncet.bskt2 
31025.31 103,13 
*node 
31031,0,0,0 
31109,0,0.~10.3 
*npen,nset=bsktJ 
31031,31109,13 
*nf fll.nset.nbak1 
bskt2,bskt3,6,1 
bskt3,bakt1,6,1 
*NCOPY,CHANPE NUnBER=2OO,OLD SET=nbrkl .SHIFT,NEY 
SETmnb.kl 
-0.0291,0.9996 

*node,nrct.bskpO 
31&10,11.3125,7,0 
31411.11.3125.13.0 



. . .- 

SNF-5204, Rev. 1 
APPENDIX C SECTION TWO CSB-S-0073 

INPUT FILE Brk1as.M 

- 
3.5355,-3.7513. 0.3.3392.2.9958, 0,60. *ELcopy.element ahlft=4000,old 8et=bskO,shift 
*noda,naeI=nbakp nodcs=4000,neu SET-bak 
31400,,7;0 *ELcopy,elment lh1ft~5000,old aot.bskO,shlft 
31401 ,,13,0 noder=5000,new SET-bsk 
31402,, 19.0 *elset,cls.t.bsk 
*nsat,naat=nbakl brkO 
nbskp, bskpl . ' ~ELEMEYT,TYPE.831,ELSEl.po$ts 
*NCOPI,CHANGE NUMBER-lOOO,OLD SET=nbskl,SHlfT,NEU 31101,31031,31231 

31102,31231,31400 
31103.31400,31401 

SETmblk 

31 105,31402,,32031 
*NCOPY,CHANGE NUMBER.ZOOD,OLD SET=nbakl,SHlFl,NEU *ELEMENI,TIPE.I3l,ELSET.posth 
SErmnbsk 31111,31000.31200 
-1.34r6.46.3124 31112,31200.31410 

31113,31410,31~11 
*NCOPY.CHANGE NUMBER~3000,OLO SET-nbakl ,EHlfT,NEU 31115,31412,32000 
SET=nbak *ELEMENT ,TYPE=BSl, ELSETWpoa tt 
-2.0213.69.4686 31121,31010.31210 

31 122,31210.31420 
*UCOPY,CHANGE NUMBER=4000,OLO SET=nbrkl,SHlll,NEU 31123,31420,31421 
SETmnbek 31125,31422,32010 
-2.695!.92.6248 31131,31014.31214 

31132,31214,31430 
*NCOPY,CHANGE YUW8ER.5000,OLO SET=nbskl.SHlFT,YEU 31133,31430,31431 
SET =ribs k 31135,31432,32014 
-5.3689.115.7810 *ELEHENT,TIPE=BSl,ELSET=po~th 

31141,3102L,312Z4 
*nset.nset-bak 31142,31224,31440 
nbrk.nbak1 31143,31440,31441 
*ELEHEWT. TYPE.C3D(IR, ELSET.bSkO . 3 1 1  4 5 3  442,32024 
31001,31025,31000,31001,31038,31225,31200,31201.3 *eLGEN,ELSET=postc 
'1710 311O1.6.1000.. 1000 

-0.6n11.2~.i562 

iii&,~iosa,~iooi ,~ioo2,~io5i .31238,31201,31~02,3 31102~6~1000;1000 
1251 31103.2.1 ,1,6.1000,1000 
31003,31051,31002,31003,31064.31251.31202.31203.3 31 105,5,1000,1000 
1264 *ELGEN,ELSET=poath 
31004,31064.31003,3100~,31077.31264,31203,31204,3 311 11,6,1000,1000 
1277 31112,6.1000,1000 
31005,31077.31004,3100S,31090,31277,31204,31205,3 31113,2,1,1.6,1000,1000 
1790 31115.5.1000.1000 
3~0~6,31090,31005,31006.31103,31290,31205,31206,3 
1303 
31007,31103,31006,31007,31104,31303,31206,31207.3 
1304 
31019,31115,31018,31019,3~102,31315,31218.31219,3 
1302 
31020,31102,31019,31020,31089,31302,31219,31220,3 
1289 
31021,31089,31020,31021,31076,312~9,31220,31221,3 
1276 
31022,31076,31021,31022,31063,31276,31221.31222.3 
1263 
31023,31063,31022,31023,31050,31263.31222,31223,3 
1250 
31024,31050.31023,31024,31037,31250,31223,31224,3 
1237 
31025,31026,31025,31038,31039,31226,31225,31238.3 
1239 

- . - -. , . - , . , . 
31025,lZ. 1,1,6,13,12 
*ELcoW,slmnent shltt~lOO0,old ret=bskO.shift 
nod.r*lOOO,neu SET=bsk 
.ELcopy,.lment shltt*2000,old set=bakO,ahif t 
noder.2000,neu sET=bak 
*Elcopy, olemen1 sh I f t-3000, old @et-bskO, sh I f I 
noder=SOOO,neu SETmbak 

C23 

31141;6;1000;1000 
3llL2,6,1000,1000 
31 143,Z. 1,l.b. 1000,1000 
31145.5.1000.1000 
*ELGEN,ELSET=postf 
31121.6.1000.1000 
31122.6.1000.1000 
31123,2,1,1,6,1000,1000 
31125,5,1000,1000 
31131,6,1000,1000 
31 132,6,10OO.lDOO 
31 133.2.1 ,1,6,1000,1000 
31135.5,1000,1000 
*rlret,elaet=ebak 
posth,pastt,posts 
*SOLID SECTION, ELSET*bak, MAIERIAL.bsk 
'BEAM SECTIOU, ELSET.poatc, MATERIAL=bskp, 
SECIION.pfpe 
5.125.2.4375 
'BEAM SECTICU. ELSET=posIt, MATERIAL=bskp, 
SECTION=crapezoid 
3.114,1.45,1.23,0 
'BEAM SECTIOU, ELSET-poath, MATERlAL=brkp, 
SEcTION.tr.pezoid 
1.5S7,1.45.0.615,0 
*MATERIAL.IAME-bsk 
'OENSITY 



-01472 . -  
*ELAITIC 
28.E+Ob,.27 
'PLASTIC 
30032.,0.0 
100701..0.293 
101451.;0.300 
102201.,0.307 
W A T E R  IAL,WAME.b8kP 
*DENSITY 
.no0735 
'ELASTIC 
28.E+06..27 
'PLASI IC 
30032.,0.0 
100701.,0.293 
101451..0.300 
102201.,0.307 
'elaet,~laet~b8kbl,lener~tC 
31001.31024.1 
*e lae t ,e lae t~b ikb2 ,aaner~ tc  
32001,32024,l 
~elset,cl8et.bakb3,pcnerat* 
33001.33024.1 
*.la.t,elaet=bikb4,s~ner~t* 
34001,34024.1 
*elae~.elaet=b8kbS,ganer~te 
35001,35024.1 
.t~aet,e~~~t=brk~,sener~tc 
36001,36024.1 
~ e l ~ e t , e l r . t - b a k s l , a ~ n e r * t *  
31025.31096.1 
.elaet,elact-bskc2,penerate 
32025,32096.1 
*.laet ,elaet~b~kc3,aeneretc 
33025.33096.1 
~clret,aLaet~bakcl,~enrrate 
34025.34096.1 
~ e l a e r . c l s c t ~ b r k c 5 , ~ e n e r ~ t e  
35025.35096.1 
gclict,~t8ct=baks6.~en~r*te 
36025.36096.1 
*nset.n~ct.BSKSY,s~ner*t* 
31000,36000,1000 
31024,36024,1000 

31225,31237,l 
32025,32037,l 
32225.32237.1 

31025,31037,i 

33025i33037; 1 
33225,33237.1 
34025,34037.1 
34225.34237.1 
35025.35037.1 
35225.35237.1 
36025.36037.1 
36225;36237;1 
31400.36400,1000 
31401.36401,1000 
31402.36402,lOOO 
31410.36410.1000 
3l411,36411.1000 
31412,36412,1000 
31L40,36440,1000 
31441,36441,1000 
31442,36442,1000 
*BOUNDARY 
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** "MWB2.TXT" 
** I damants t h r w s h  thlcknrss ** 
** K O  nodal drop on louer r lght  corner 
*EYSTEH 

ulch basket support p latas  O f f  synn p l m *  

3.630,-7.0, 0, 13.6258.-6.7092.0 
3.3392,2.9958,0 
** MCO bot tom rlng 
*NOOE 
70015,10.3,0,0 
7005.11.0125.2.01.0 
*NOEN YPEl.N3 . . _ _  .. , .. __  . . . . 
70015,70133.20 
*NWE,NSEl=N3 
70155,11.366,2.1364,0 
70175.11.50.2.51.0 

sm-5204, Rev. 1 
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INPUT FILE Man2.M !* - 
*NCOPI,CHANGE NUMEER=500O,OLO SET=W34,SHI FT,NEV 
SEl=MCO 

3.630,-7.00, 0.3.5392,2.9956,0,20.0 
*NCOPI,CHANGE NUMBER~6000,OLO SET*N34,SHlFT,NEY 
SETnMCO 
.o. 

- .  eo, 

*NODE. 
70019.11.L23,0,0 
70079,11.93076,1.13,0 
*NGEN,NSET-NL 
70019,70079.20 
*WOO€ 
70099,12,1.423333,0 
70139,12,2.01 .O 
70179.12.2.51.0 
*NGEN, NSET~NL 
70099,70139.20 
70139,70179,20 
*NFILL,NSET.N34 
N3,N4.4,1 
*NOOE,NSET=N34 
70019,11.39L,0.0502,0 
*NOOE.NSET-N02 
70205.11.5.8.51 ,O 
70209,12.0,8.51 ,O 
*NGEN,WSEl=NOZ 
70205.70209.1 
*NSET,NSEI~NOl ,GENERA~E 
70 175,701 79,l 
*NFILL,NsETm34 
N O l ,  N02.6.5 
** shell frhelll 
*NOOE,nset-sb 
70300,11.75,B.51,0 
** MCO top rlnu 
*NODE. nret -a t  
70576,11.75,148,0 
*NODE, NSET-N34 
70577,11.75.160,0 
*NFILL,NSET*N34 
sb.at.276.1 
*NCOPY,CHANOE NUHEER.1OOO.OLD SEl.NS4,SHlFT.IEY 
SET=MCO 

5.630.-7.00, 0,3.33V2.2.9V5E,O.3.75 
*NCoPY.CHANGE NuMBER=2000,OLD SET=N34,SHIFT.NEY 
SET-HCO 

.a .  

.O. 
3.630,-7.00, 0,3.3392,2.9958,0,7.5 
*NCOPY.CHANGE NUMBER.3OOO.OLD SET~N34.SHII1,NEU 
SET-MCO 
.O. 
3,630,-7.00. 0,3.3392,2.9958,0,11.25 
-NCOPY ,CHANGE WUMBER=4000,0LO SET=II34,SHl FT,WEY 
SET-MCO 
. o s  
3.630,-7.00, 0,3.3392,2.9958,0,15. 

i h , - 7 . 0 0 ,  0,3.3392,2.9958,0,25.0 
'NCOPY.CHANGE NUnBER=7000,0LO SEl=N34,SHlFT.NEU 
SET-MM 
.O. 
3.630. -7.00, 0,3.3392,2.9938,0,30.0 
*NCOPY,CHANtE NUM0ER~8OOO.OLO SET*N3l,SHIFl,NEW 
SET*MEO 
.O, 
3.630.-7.00, 0,3.3392,2.9958,0,37.5 
*NCOPY.CHANGE NUMBER~9OOP.OLP SET=N3L.SHIFT.NEU 
SElmNCO 
.O. 
3.630,-7.00, 0,3.3392,2.9958,0,45.0 
*NCOPY.CHANGE NUMOER~lOOOO,OLO SET=N34,SHIFT,NEY 
SETsMCO 
.O. 
3.630,-7.00. 0.3.3392.2.9111.0.60.0 
*NCOPY,CIIANGE NUMBER~1lOOO.OLO SET=N34,SHIFI,NEY 
SET=HCO 
.O. 
3.630,-7.00. 0.3.3392.2.9958,0,75.0 
*NCOPY,CNANGE NUMBER=12OOO,OLO SET.N34.SHlFT,NEV 
SET.MCO 
.O. 
3.630,-7.00, 0,3.3392,2.9958,0,90.0 
*NCOPY,CHANGE NUMBER=13000,OLO SET~N3L.SHIFT.NEU 
SET.rMC0 
.O. 
3.630.-7.00. 0.3.3392.2.9M8.0.105.0 
*NCOPl,CWANGE WUMBER-14OO0,OLD SEl~WS4.SNlFT.NEV 
SETmMCO 
.O, 
3.630,-7.00. 0,3.3~92.~.~9~a,o,i20.0 
*NCOPY.CHANGE NUMBER=lS000.OLO SET=NSI,SHIFT,NEV 
SET*MCO 
.O. 
3.650,-7.00. 0.3.3392,2.5958,0,135.0 
*YCOPY, CHANGE YUMaER. (6000, OLD SET-N36, SH 1 FT , MEW 
SET.MC0 
.o. 
3.630,-7.00, 0.3.3392,2.9958,0,142.5 
*YCOPY,CnlNGE NUNBER=l7000,OLO SET*N3I,SHI FT.NEU 
fE l *CO 
.Os 
3.630,-7.00, 0,3.3392,2.9951,0,150.0 
*NCOPY,CnANGE YUMBER=~EOOO,OLD SET=N3L,SHlFT,NEW 
SET-MCO 
.O. 
3.630,-7.00, 0.3.3392,2.9951,0,155.0 
*NCOPY.CHANGE YUHBER=l9OOO,OLO SET=N34,SHlFT,NEU 
S E T N C O  
$0. ' 
3.630.-7.00, 0.3.3392.2.9958.0.160.0 
*NCOPY ,CHANGE N(InBER=ZOOOO, OLD SET-N36. SHl FT, NEW 
SET*MCO 
-0. 
3.630,-7.00, 0,3.3392,2.9958,0,165.0 
*NCOPY.CHANGE NUMBER=2lOOO,OLO SET.N3L,SHIFT,NEV 
SET*MCO 
.O. 
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INPUT FILE Mco62.txI 

3.63b.-7.00. 0.3.3392.2.9958.0.168.75 

i k o .  -7.00. 0,~.3392,2.995~,o,i72.5 
.YCOPV,CtlANPE NUMOEI=23000,OLO SEl~N3b,SHlFl,NEU 
sET=MCO 
.o ,  
3.630,-7.00. 0,3.3392,2.9958,0,176.25 
*NCOPY,CHANGE NUMtER~LLOOO,OLO SET-N34,SWICT,NEY 
SET-WCO 
.o. 
3.630,-7.00, 0.3.3392.1.9958.0.100 
'NWE 
70000,1.25,0,0 
70060.1.25.1.13,O 
* N G E N , N t E T ~ N l  
70000,70060.20 
* N M E  
7012~,2.13.2.01,0 
*NGEN.NSET*Nl 
70060,70120.20 
gNCOPY,CHANGE NUMBER=IOOO,OLO SET=Nl,SWIF7,NEV 
SET-Nl.MULlIPLE.24 
.O.  
3.630, -7.00. 0,3.3392,2.9958,0,7.5 
'NSET,NSET=Y2,GENERATE 
70015.94015,1COO 
70035,94035~1000 
70055,94055.1000 

70095,94095.1000 
70115,94115,1000 
70135.9L135.1000 

70a75,9407~,iooa 

gN~~Li,NSET~N12,B~As~l.01 
Nl,N2,15,1 
*ELCMEW?,TYPE-C308R,ELSET~IICOE 
70001,70000,70001,71001,71000,70020.70021.71021.7 
r n m  
7O;;)O. 701 75,70176.71 176,71175,701 80, 70181.71 181.7 
1180 
'ELGEN,ELSET=MCOE 
70001,19,1.1.6,20,20,24,1000,1000 
70116.2.20.20 
7013614; I, i ,2,20,20,2~,1000.1000 
70160.4.1.1.6.5.4.24.1000.1000 
*moe 
b=;&70300,70205 
bram, 71300.71 205 
bmn.72300.72205 
bcam;73300,?3205 
bcnm.74300.74205 
beam.75300,75205 
b~am.76300.76205 ~~ 

bean;77300; 7;%5 
beam.78300.78205 
bean.79300.79205 
beam,80300,80205 
beam.81300.81205 
bmn,82300,82205 
b~m.83300.83205 
bean.84300.84205 
beam.85300.85205 
b.am,86300.16205 
berm,87300,87205 
b*am,88300,88205 
b~am.B9300,89205 

beam.90300.90205 
bean,91300,91205 
beam.92300.92205 
baam.93300.93205 
b~an.94100.91205 
beam, 70300,70206 
bem.71300,71206 
beam,72300,72206 
beam. 73300,73206 
bram.74300.74206 
beam, 75300,.75206 
bem,76300.76206 
beam, 77300,77206 
b8am.7LI300.78206 
beam, 79300,79206 
beam.80300.80206 
beam.81300.81206 
baam.82300.82206 
bran, 83300,83206 
beam.84300.84206 
b*am,85300,85206 
beaa.86300.86206 
bem.87300.87206 
benm.88300,811206 
bcam.89300.89206 
bcam.90300.90206 
beam.91300.91206 
beam.92300.92206 
beam.93300.91206 
beam,94300,94206 
pin,70300,70207 
pin,71300,712a7 
p1n,n300,722a7 
pin, 73300,73207 
dn.74300.7L207 
bin:75300:75i07 
pin,76300,76207 
pin. 77300.77207 
pin,78~00,78~07 
pin.79300.79207 
pin.801o0.80~07 
pln.a1300.01207 
pin;82300.82207 
pin.83300.83207 
pi  n,84300,84207 
pin.85300,115207 
~in.86300.86207 

pin;92300,92207 
pin, 93300,93207 
p(n.94300.94207 
bm1,70300.70208 
bam.71300.71208 
beam,72300,72208 
beam, 73300,73208 
beam.74300.71208 
beaa.75300.75208 
bcm,76300,76208 
bem77300.77208 
beam; 78300;78208 
beam.79300.79208 
beam,LI0300,80208 
beam.81300.81208 
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INPUT FILE Mcos2.W 

beam.82300,82208 
beam.83300.83208 
beam,84300,84208 
b8m.85300.85208 
baun,86300,86208 
baam.87300.87208 
beam. 88300,88208 
beam,89300,89208 
bram.90300.90208 ... ,.... ~ , . ~ ~  ~ 

baaa.91300.91208 
b.am.92300.92208 
beaa.93300.93208 
bem.94300.9L208 
bam,70300,70209 
b..n.71300,71209 
beam, 72300,72209 
beam. 73300,73209 
beam. 74300,74209 
beam. 75300,75209 
beam. 76300.76209 
bsam.77300.77209 
bram.78300.78209 
bearn.79300.79209 
beam, 80300,80209 
bem,81300,81209 
beam,82300.82209 
bean1.83300.83209 
bcm.81300.84209 
beam.85300.85209 
bem,86300,86209 
bean,87300,87209 
beam.88300.88209 
bcan1.89300.89209 
bom.90300.90209 
beam.91300.91209 
beam.92300.92209 
bem.93300.95209 
hram 0LSOO 01200 - __.., . . _ _  -, . . __ . 
*ELEMENT,TYPE-S1RS,ELSET=MCOPL 
70300,70300,71300.71301,70301 
*ELOEil.ELSEi-HCOPi 
70300,277,1,1,21,1000,1000 
** Mco bottom center 
" 0 0 E  
60000,- 1.08.0.0 
66000.-.7637,0,-.7637 
*YGEN,NSEl=Ll 
60000,66000,1000 
*NODE 
60012.1.08.0,O 
66012..7637.0.-.7637 
*NGEN;YSET=i2' 
60012,66012,1000 
*NODE 

*YFlLL.NSET-L12 
Ll,L3,6,1 
L3.LZ.6.1 
*NCOPY,CHANGE NUMBER=60,0LO SEI*L12,Sh'liT,NEW 
SErsL13 
.0.0256,0.8796,0 

*NiILL,NSET.LlL 
L12.Ll3.3.20 

C-27 
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!. 
*ELEMENl,TIPE.C3D8R,ELSEl.nCOB 
60101.60000,60001,61001.61000,60020,60021,61021,6 
t o m  .-_- 
*ELGEN,ELSEI=MCOB 
60101,12,1.1,6,1000,12.S,20,72 
*ELEMENT.TYPE=C308R.ELSET=E81 
60001.60012,70000,7~000,61012,60032,70020.71020,6 
1032 
'ELGEW.ELSEl.EB2 
60001.6.1000.~.3.20.6 

60020,6601 1,77000,78000,66010,66031,77020,78020,6 
6030 
60021,66010,78000,79000.66009,66030,78020,79020,6 
6029 
60022,66009,79000,80000,66008,66029,79020,80020,6 
6028 
60023,66008.80000,~1000,66007,66028,80020,81020.6 
6027 
60024.66007,81000.82000,66006,66027,81020,82020,6 
6026 
60025,66006,82000.83000.66005.66026,82020,83020,6 
6025 
60026,66005,83000,84000,66004,66025.83020.81020.6 
6021 
60027,66004,84000.85000,66003,66024.IUO20,85020,6 
6023 
60028,66003,85000.86000,6K002.66023,85020,86020,6 
6022 
60029.66002,86000,87000,66001,66~22,86020,87020,6 
6021 
600~0.66001.87000.88000,66000,66021,87020.88020,6 
6020 
60031,66000,88000,89000,65000,66020,88020,89020.6 
5020 
60032,65000,89000.90000,61000,65020,89020,90020,6 
4020 
60033,61000.90000,91000,63000,64020,90020,91020,6 
3020 
60034,63000,91000,92000,62000,63020,91020,92020,6 
2026 
60035,62000,92000,93000,61000,62020,92020,93020,6 
1020 
60016,61000,93000,94000,~0000,61020,93020,94020,6 
0020 ~ ~ . .  
*ELCOPY.ELEMENT SHl FT.18,OLO SETmEB3,SHlFT 
NOOEE=20. HEU SET=EW 
*ELCOPY.ELEMENT SHIFT.18,OLO SET=EB4,SHlFT 
NWES-20. NEW SET=E85 
*ELSET.E~SETWCOB 

** uco tvp c.nt.r 
E82,L83,EB4,EBS 

*NODE 
50000.-10.8.148,O 
56000,-9.3.148.-5.4 
*NGEN.NSET=ll  
50000.56000.1000 
"OOE 
50012.10.8.1I8.0 
56012, 9,3,148,-5.4 
'NGEN,NSET=TZ 
50012.56012.1000 
*NWE 
500Q6.0.148.0 
56006.0.1L8. - 10.8 
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INPUT FILE Mws2.M 
- 

*NGCN.NSET*TS 70019,82019,1000 
50006,56006,1000 70039,82039,1000 
*NfILL,WSEl~712 70059,82059,1000 
T1.13.6.1 70079,82079,1000 
13,12,6,1 70099.82099,lOOO 
*NCOPI.CHANGE NUl4BER=2O,OLO SET-Tl2.SHlFT.NEU 70119,82119,1000 
SEl.Tl3 70139,82139,1000 

- 

-0.3490.11.9909.0 *ELSET,ELSEl=MCOTR . .  
70576 

~ELEMEYT.TIPE.dO~R,ELOET.nCOT *ELSET,ELSET.HCOTL 
60601,50000,50001,5100(.51000,50020,50021,51021,5 93576 
1020 ***ELSET,EiSET.NCOSF.GENERATE 
*ELGEN,ELSEl=MCOl *'70202.70215,1 
60601.12,1,1,6,1000,12 g'71202,71215,1 
*ELE~ENT,lYPE=C3D8R.ElSET=E~ll **72202.72215,1 
50001,50012,70576,71576,51012,50032,70577,71577,5 **13202,73215,1 
1032 "74202.74215.1 
*ELGEW,ELSET.E011 **75202,?5215,1 
50001,6,1000.1 **76202,76215,1 
bELEMENT,TYPE.C308R.ELSET*EB12 *'77202.77215.1 
50007,56012,76576.~576.56011.56032.76577,?7577.5 **76202,78215,1 
603 1 "79202.79215.1 
50008,56011,77576,70576,56010,56031.77577,78577,5 
6030 'node 
50009,56010, ?8576.79576,56009,56030,78577.79577.5 40140,0.5,2.01.0 
6029 40200,0.5,3.25,0 
50010.56009.79576.00576~56003.56029,79577.805~7,5 40154.11.00.2.01.0 
6028 40214.11.00,3.25.0 
5001 1,56008.80576.81576.56007.56020,~0577,815~7,5 *npen,nset-bapl 
6027 40140,40200,20 
5001 2.56007.01576.02576,56006,56027.01577.82577.5 *ngtn,nset=bsp2 
6026 40154,40214.20 
50013,56006~82576,03576,56005,56026,82577,03577,5 *NCOPY.CHANGE NUM0ER=lOOO.OLO SET*brpl ,sHlrT,ilEu 
6025 SET=brp3 

6024 3.630, -7.00, 0.3.3392.2.9910.0.0 
50015,56004.84576.85S76,S6003.56020,00577,65577,5 *NCOPY.CHANGE NUMBER-2000,OLD SET=bapl.SHlFT.NEU 
6023 SET-bsp3 

6022 3.630.-7.00, 0.3,3392,2.9950,0,30 
50017,56002,86576,07576.56001.56022,86577.87577.5 *NCOPY,CHAWGE NUIIBERJOO0,OLD SET=brpl,SHlFT,NEU 
6021 SET=bapS 

6020 . 3.630,-7.00, 0.3.3392,2.99S8,0.60 
50019,56000,88576,89576,55000,56020,03577,895~,5 *NCOPY.CHANGE WUMBER=4OOO,OLO SET=bspl.SHlFl.NEV 
5020 SET=bsp3 

4020 1.650,-7.00. 0,3.3392,2.9950.0,60 
50021,54000,90576.91576,53000,54020.90577,91577,5 *NCOPY.CHANGE NUM0ER.5000.OLO tET=bapl,SHIFl,WEU 
3020 SETmbspS 

2020 3.630.-7.00, 0,3.3392,2.9958,0,90 
50025,52000,92576,93576,51000.S2020, 92577.93577.5 *NCOPI,CHANGE NUM0ER.60OO.OLO SEl*brpl.SHIFT,NEU 
1020 SEPbsp3 

0020 . 3.630.-7.00. 0,3.3392,2.9~8,0,120 
*ELSET,ELSET=llCOT *NCOPY,CtlANGE NUll8ER=7OOO,OLO SEl~brpl.SHIfT.WEU 
EBll.EB12 SET=.bipl .. . O ~  

** Idd basket support plmter 

50014,56005.03576.80576.56004.56025.03577.805~.5 ,o. ' 

50016,56003,05576,86S76~56002.56023,05577,86577,5 .O,  

50018,56001,87576,88576,56000,56021.87577.88577.5 .O. 

50020,55000,89576,90576,54000,55020,895~7,905TI. 5 .O. 

50022,53000,91576,92576~52000,53020,91577,92577.5 .o. 

50024,51000,93576,945?6,50000,51020,93S77.91577,5 -0.  

~ELSET.ELSET.llCOIB.GENERATE 
70019,82019,1000 
70018,82018,1000 

70016,82016,1000 
70015,82015.1000 
70011.82014,1000 
*ELSEl,ELSEl~MCO0F,GENERAlE 

70017,02017,1000 

c-28 

i;i50,-7.00, 0.3.3392.2.9958.0.120 
*NCOPY,CdANGE NUWSER*8OOO,OLO SET=brpl,SRIFT.WEU 
SET.brp3 
.O. 
3.630,-7.00. 0,3.3392,2.9958,0.150 
*NCOPI,CHANGE NUl4BER=9000,OLD SET*bipl,SHlfT.NEU 
SET.brp3 
,O. 
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INPUT FILE Mcor2.M 

3.630,-7.00, 0,3.3392,2.9958,0,180 ' 

*NCOPY,CHANGC NVllBER~1000,OLO SET=bap2,SHlrT,WEY 
EET.bap4 
.O, 
3.630,-7.00, 0.3.3392.2.9958.0.28.69805 
*NCOPY,CHANG€ NUNBER-2000,OLO SEl=brp2,SHlFT,NEU 
SET=brp4 
,O. 
3.630.-7.00. 0,3.3392.2.9958.0,30 
*NCOPY,CHANGE NVllIE~=3000,0LO SET.bsp2,SHIFT.NEU 
SET.brp4 

0 ,-. 
3.630.-7.00. 0,3.3392.2.995Ll,0,31.30195 
*NCOPV,CHANGE NUIIBEP.LOOO.OL0 SEI~bap2,SHllT.NEU 
SET-bsp4 

3.630.-7.00. 0,3.3392,2.9958,0,M.69805 
*NCOPY,CHANGE NUMIER=5000.OLO SET.brD2.SHlfT.YEll 
SET.brp4 

3.630,-7.00, 0,3.3392,2.9958,0.90 
*NCOPY,CHANGE NUMllER~6000,OLO SET-brp2,SHI FT,YEY 
SET-bap4 
.O. 
S.630,-7.00, 0.3.3392,2.9958.0,91.30195 
*NCOPY,CHANGE NUMBER.7000.OLO SET.bsp2,SHlFT.NEU 
SET=bap4 
.O. 
3.630, -7.00, 0,3.3392,2.9958,0,148.69805 
ONCDPY, CHANGE nUl4BER*8000, OLD SET -bsp2, SR I FT . NEW 
SETmbap4 
.O. 
1.630, -7.00, 0,3.S392,2.P958, 0,150 
*NCOPY,CHANGE NUMBERn9000,OLD SEI=bsp2,SWlfl,NEll 
SEI.bsp4 
.O. 
3.630,-7.00, 0,3.3392,2.9958,0.151 .SO195 
*nset,nscr-bsp3 
hap1 
*nset, nsrt=bap4 
brp2 
*ntlll,nret.rnco 
bsp3, brp4.14,l 
*ELEMEHT,TYPE-C308R.ELSET.brp 
97001.41140.41 141,42141,42140,41160,4116l,42161.4 
2160 
97101,42140,42141,43141,43140,42160,42161,43161.b 
3160 

.O, 

80. 

*ELGEN,ELSET-bsp 
97001,14,1,1.3,20,14,3,3000,200 
97101.14.1,1.3,20,14.3.300,200 
*pIIIC 
L Ink. 43140,44140 
llnk.43160.44160 
L lnk.43180.44180 
ilnk.43200.44200 
link.46140.47140 
llnk.46160.47160 
llnt,46180,47180 
I ink,46200,47200 
*ELSET, ELSET=MCOSL 
MCOT. MC08 
'SOLI0 SECTION, ELSET=MCOSL, UATERIAL.SS304 
'SHELL SECTION, ELSET=MCOPL, MATERIAL=SS304 
0.5 
*SOLI0 SECTION, ELSET-bsp, MATERIAL-SS3O4 
~nact,nsct~brpb,g~nsr~tc 

c39 

41140.41154,l 
42140,42154,1 
43140,43154,l 
44140.44154.1 
45140,45154,l 
46140,46154,l 
47140,47154.1 
48140.48154.1 
49140,49154,l 
*nact ,naot-bapt.scnerate 
41200,41214,l 
42200,42214.1 
43200,43214,l 
44200,44214,l 
45200,45214,l 
46200,46214,l 
47200.47214.1 
48200,48214,l 
49200.49216,l 
*NSET.NSET=blCO 
N34,SB,ST,N12.L14,112,7(3 
bspt. bmpb 
*ELSEI, ELSET.MCO 
MCOPL, MCOSL, bsp 
.elsct,clret=mcabt,sm.r~tc 
70101,93101,1000 
70102,93102,1000 
70103,93103.1000 
70104,93104,1000 
70105.9310S, 1000 
70106,93106,1000 
70107,93107,1000 
70108,93108,1000 
70109,93109,1000 
70110,93110,1000 
70111,93111,1000 
701 12,931 12,1000 
70113,93113,1000 
70114,93114,1000 
701 15,93 115,1000 
~claet,elsct-mcosl.~cneratc 
70136,95136,1000 
70156,93156,1000 
70160,93160.1000 
70164,93164,1000 
70168,93lb8,1000 
70172,93172,1000 
701 76,931 76,1000 
70180,93180,1000 
*NSET,NSET-MCOSY,GENERATE 
70000,70999.1 
94000.94999.1 
50000.50999.1 
60000.60399,l 
79140.79200.29 
*BWNOARY 
MCOSY, ZSYW 
** end o f  f i l e  
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**rervlce statlon 

** shield Hatch Rlng deflnltlon 
*ryrtem 
0.-10.0.0 

.. .. 

500;519;1 
340.354.1 
~NS~I,N~ET=SSNI .GENERATE 
100,340.20 
~NSEl ,NSET~SSN2.GENERATE 
114,354,20 
*NFILL.NSEl*NATCH 
fSN1 ,SSN2,14,1 
*NSEl,NSEl*SSN3,GEnERATC 
340.359.1 
*NI ... 
50C 
*Nf 
SSN3.SSN4.l 
*NCOPY,CHAI 

APPENDIX C SECTION TWO 
INPUT FILE Servic8.M 

CSB-S-0073 

0.-10.0, 0,10,0,3.75 
*NCOPY,CHANGE NUnsER~2000,OLOSE7-HAlCH,S~lFl 

0.-10,o. 0.10.0.7.5 
*NCOPY,CHANGE NUn~ER~SOOO,OLO~ET-HAlCH,SHlFl 

0,-10.0, 0,10,0,11.25 
*NCOPY,CHANGE NUWBER-~OOO,OLDSET-HAT~H,SHIFT - 
0;10,0, 0,10,0,15. 
*NCOPY,CHANGE NUWBER~5000,OLOSEl~HATCH,SHlFT 

0.-10,o. 0,10,0,20.0 
*NCOPY,CUANGE N ~ B E R ~ 6 0 0 0 , O L O S E l ~ ~ A T C H . S H I ~ T  

0,-10.0, 0,'10,0,25.0 
*NCOPY,,CnANGE NUNBER~7000,OLOSET~HAlCH,SHlFl 

0.-10.0. 0.10.0.30.0 
*NCOPY,CHANGE N U l l B E R ~ 8 O O O , O L O S E T ~ H A l C H , S H l ~ l  

0,-10.0, 0,10,0,57.5 
'NCOPY,CHANGE NUIIBER~9000,OLOSET.HAlCn.SnlTT 

O,-lO.O, 0,10,0,45.0 
*NCOPY,CHAlYGE NUWBER~lOOOO,OLDSEl~HAlCH,SHlFl 

0,-10.0, 0.10.0.60.0 
*NCOPY,CHAlGE N U l l ~ E R ~ 1 1 0 0 0 , O L D S E l ~ H A T C ~ , S H i F T  

0,-10,0. 0.10.0.75.0 

- 
'NCOPI,CHANCE NUnBER~l2OOO,OLOSET~HAlCH,SHlFT 

0.-10.0, 0,10,0,90.0 
*NCOPI.CHANGE NUnBER-13000.0LDS~T~HATCH,SHlFT 

- 

0.-10.0, 0,10,0,105.0 
*YWPY,CHANGE NUMlER~14000,0LOSEl~HAlCH,sHlFl 

0.-10,o. 0,10,0,120.0 
*NCOPI,CHAHGE NUnBER~l5OOO,OLDSET~HAlCH,SHlfl 

0,-10.0, 0.10.0.135.0 
*NCOPI,CHANGE NUMBER~16000,OLOSEI~HATCH,SHlFT 

0,-10.0, 0,10,0,142.5 
'HCOPY,CHANGE NU~BER~l7000,OLOSET.~AtCH,SHlFT 

0,-10.0, 0,10,0,150.0 
*NCOPI,CHANGE NUIIBER~l80OO,OLOSET~HATCH,SHlF~ 

0.-10.0. 0,10.0,155.0 
'NCOPI,CHANGE NUMBER~19OOO,OLOSET=HAlCH,SHi~T 

0 : l O . O .  0,10,0,160.0 
'NCOPI, CHANGE NU~BER~2OOOO,OLOSET~HAlCH,  SH I FT 

0.-10.0, 0,10,0,165.0 
*NCOPI,CHANGE NUHBER~2lOOO,OLOOET~HATCH,SHlFT 

0,-10.0. 0,10,0,161.75 
*NCOPI,CHANGE NUHBER=22OOO,OLOSET~HATcn,sHlFT 

0,-10.0, 0,10,0,172.5 
*NCOPY,CIIANGE NU~BER~2300O,OLDSET~HATCH,SHlFT 

0 .  -10.0, 0,10,0,176.25 
*NCOPY.CHANGE NU~BER=2~OOO.OLOSET-HAlCH,SHlFT 

0.-10.0. 0.10.0.180. 
*ELEMENT,TYPE=C308R. ELSET=HAlCn 
1.100,101.1101,1100,120,121,1121,1120 
*ELGEN,ELSET=HATCn 
1,20,20,1,14,1.20,24.(000,1000 
'ELEMENT,TYPE~C308R,ELSEl.HAlCH 
281.354.355,1355,1354,374,375,1375,1374 
*ELGEN,ELSET=HAlCn 
~~i.a,2o.i,~,i,8,2~,iooo,iooo .* 
** Element sets for  surfaces ** 
*ELSET.ELSEl~FLSI.GENERATE 
1.20.1 
1001.1020.1 
2001.2020.1 
3001.3020.1 
4001.4020,l 
5001,5020,l 
6001.6020.1 
7001..7020.1 
8001;8020;1 
9001,9020.1 
1. 

*. 
** MCO Guide deflnitim 

*system 
.* 

C-30 
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0,-18.81,0 
*NODE 
520;~4.905,0,0 
533.20.75,O.O 
534,14.905,.5,0 
547.20.75. .5,0 
548,13.315,1 .O,O 
549.11.11,l.O.O 
550,14.905,1.0,0 
563.20.75,l .O,O 
564.13.315.1.25,O 
579,20.75,1.25,0 
772,lS. 125.8 .O,O. 0 
787.20.75.8.0.0 
*NGEN 
520,533,l 
534,567.1 
550,563,l 
*NGEN,NSET=SSNS 
564.579,l 
*NGEW,YSET=SSN6 
772.707.1 

SNF-5204, Rev. 1 
APPENDIX C SECTION TWO CSB-S-0073 

!* 
INPUT FILE S e n b . M  

- 
*NCOPI,CHANOE NUM~ER-12000,OLDSET~GUlDE,SHlFT 

0,-10.0, 0.10.0.90.0 - 
*NCOPI,CHANGE NUUBER~13000.0LDSET~GUlOE,SHlFT 

0.-10.0, 0,10,0,105.0 
*NCOPY,CHANGE NUMBER~14OOO,OLDSET~GUlD~,SHlFI 

0.-10.0. 0.10.0.120.0 
'NCOPI, CHANGE NUMBER=1SOOO,OLOSET.GUIDE, SH I Fl 

0..10.0, 0,10,0.135.0 
*NCOPI,CHANGE NUMBER~16000,OLDSET~GUlBE,SHl~T 

0,-10,0, 0,10,0,142.5 
*NCOPY.CHANGE l lUMBER- l7000,OLOSET~GUlDE,S~l~T 

*NFlLL . 
SSN5,55N6,13,16 

** Adjust node coordlnatas t o  Correct eLaent 
anplea 

.. 
1. 

*NODE 
565.14.11.1.25.0 
*NGEN 
565.579.1 
~ N ~ ~ T , N ~ E T . G U I D E , G E N E R A T E  
520.707.1 
*NCOPY,CHANGE NUtlBER~lOOO,OLOSET=GLllOE,SHlFT 

0.-10.0, 0.10.0.3.75 
*NCOPI,CHANGE NUUBER=2OOO,OLDSET~4UlOE,SHlFT 

0;10,0, 0.10.0.7.5 
*NCOPY,CHANGE NUMBER~3000.0LDsEl~GUIOE.IHIFT 

0,-10.0. 0.10.0.11.25 
*NCOPY,CHANGE NUtlBER=4OOO,OLDSET~GUIDE,SHl~T 

0,-lO,O, 0,10,0,15. 
*NCOPY,CHANGE NUn8ER.5000.OLDSET~GUIOE.SHlFT 

0.-10,o. 0.10.0.20.0 
*NCOPY,CHANGE NUnBER~600O,OLDSET~GUIDE,5Hl~T 

0,-10.0. 0,10,0,25.0 
*NCOPY,CHANGE NUUBER=7000,OLDSET=GUlOE,SHlFT 

0.-10.0, 0,10.0,30.0 
*NCOPY,CHANGE NUnBER~8OOO,OLOSET~GVIOE.IHlrT 

O,-lO,~, 0,10,0.37.5 
*NCOPY,CHANGE NUnBER~9OOO,OLDSET~GUlDE,SHlFT 

0, - 10,O. 0,10,0,45 .O 
*NCOPY,CHANGE NU~BER~~~OOO,OLDSET=GUIOE,SIIIFT 

0. - 10.0. 0,10.0.60.0 
*NCOPY,CHANGE NUMlER-11000,OLOSET.GUIDE,SHlFT 

0.-10.0, 0.10,0,75.0 

0.-10.0, 0.10.0.150.0 
*NCOPY,CHANGE NUMBER-18000,OLOSET-GUIOE.S~IFT 

0.-10.0. 0,10,0,155.0 
'NCOPY,CHANGE NUMBER~19OOO,OLDSET~GUlDE,sHlFT 

0.-10.0. 0.10,0,160.0 
'NCOPY,CHANGE NUMBER~20000.OLDSET~GUlOE,SHlFT 

0.-10.0, 0,10,0,165.0 
*NCOPY,CHANGE NUMBER-2lOOO,OLDSET=GUlDE,SHlFT 

O , - l O , O ,  0,10,0,168.75 
*NCOPY.CHANGE NUUBER~22OOO.OLDSET~GUIDE.SHIFT 

0.-lO,O, 0,10.0,172.5 
*NCOPY,CHANGE NU~BER~23000,OLDSET=GUlOE,SHlFT 

0,-10,O. 0.10.0.176.25 
*NCOPY.CHANGE NU~BER-24000.OLD5ET.GUIDE,sHlFT 

0:lO.O. 0.10.0.100. 

5 8 4 .  13,1,1,24.1000,1000 
~ELEMENT,TYPE=C3D8R,ELSET=GUlOE 
598,534,535,1555,1534,530,531,1551,1550 
'ELGEN,ELSET=GUIDE 
598,13.1,1,24.1000,1000 
*ELEMENT,TYPE=C3O8R,ELSET*GulOE 
612.540.549.1549,1548.564,565.1565,, 1564 
'ELGEN,ELSET=GUIOE 
612.15,1,1,14,16,16,24,1000,1000 

** Etment acts for  surfaces 
.. 
f. 

461 2 ;6820; 16 
5612.5820.16 
6612.6820.16 
7612.7820.16 
8612,0820.16 
9612;9820,16 
'ELSET.ELfET=GSBl 
612.613 

C-31 
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1612.1613 
~ 

2612,2613 
3612,3613 
4612,4613 
5612,5613 
6612,6613 
7612,7613 
8612.8613 
9612.9613 
10612,10613 
11612,11613 
12612,12613 
13612,13613 
14612,14613 
15612,15613 
16612,16613 
17612,17613 

19612,19613 
20612.20613 
21612,21613 
22612,22613 
23612.23613 
24612.24613 
*ELSEl,  ELSCl-GS82 
598,584 
1598,1584 
2598.2584 
3598.3584 
4598.4584 
5598,5584 

7598.758C 
059a,a584 
9598.9584 
10598,1050C 
11598,11584 
12598,12584 
13598.13584 
14598,1458L 
15598,15184 
16598,16584 

18612.ia613 

6598.6584 

i759a.1758~ 
18~9a.18584 
19598,19584 
20598,20584 
21598,21584 
22590,22584 
23598.23584 

7584;7597;1 
8584.8597.1 
95a~.9507. i  . - -~ . - - - - .  
1058L.lOSP7.1 
1158L.11597.1 
125ab.12597.1 
13584. 13597,l 
lC584.14597.1 
155%; 15597,l 

APPENDIX C SECTION TWO 
INPUT FILE Se~1ce.M 

16584,16597,, 1 
17584,17597,l 
18584,18597.1 
19584,19597,l 
2058L.20597,l 
21584,21597,l 
22584.22597.1 
23584.23597.1 

'SYSTEN 
0,-17.31,O. 

** Cask D.flnltlon 

2 ~ ~ ~ ~ 4 5 9 7 . 1  

*. 

*. 
* N M E  
LIZ0.12.1Z5, -6.87.0 
824.12.125,-10.87,O 
*NGEN.NSET.CASK 
820.824.1 
'NODE 
825.12.75.-.5.0 
831 ; 12-75: -6.4261 ,O 
835,12.595, -11.2023.0 
037.12.95,-13.0.0 
*NGEN,NSET=CASK 
825,831,l 
831,835,l 
835.837.1 
*NOOE 
840.13.75.-.5.0 
852;13.75;-13;0,0 
*NGEN,NSET.CASK 
840,852,l 
'NOOE,WSET*CASK 
855,14.88,-.5,0 
856.14.88,-1.5.0 
867.14.88.-13.0.0 
*WGEN.NSET*CASK 
856,867.1 
*NOOE 

'NOOE 
886.16.905,-1.5.0 
897.16.905.-13.0.0 
*NGEN,IISET;CASK 
886,897,l 
*NODE 

C-32 

*NODE 
916,111.905,-1.5,O 
927,18.905, - 13.0.0 
*NGEN,NSET~CASK 
916,927.1 
wmc 
931.19.905.-1.5.0 
942.19.905.-13.0,O 
*NGEN,NSETICASK 
931.912.1 
** Adjuit nodes far 
*NOOE,YSET.CASK 
825,13.25, - 3 . 0  

bevet 

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

.t Of cask 
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826.12.9833. -1 -5.0 
827.12 .Ts, - 2.375.0 
*NCOPV,CHANGE )IU~~EI.IOOO,OLDSET.CASK,SHIF~ 

0,-10.0, 0,10,0,3.7S 
*NCOPI,CHANGE NU~BER=2OOO,OLOSET=CASK~ SHIFT 

0.-10.0. 0.10.0.7.5 
*NCOPY,CHAYGE WUMBER*3000,OLOSET~CASK,SHI~T 

0,-10.0, o.ia.o.ii.25 
*NCOPY,CHANGE NUllBER~4000,OLOSET=CASK,SHl FT  

0.-10.0. 0,10,0,15. 
*NCOPY ,CHANGE ~U~BER~SOOO,OLOSEl~CASK,SHlFT 

0.-10.0. 0.10.0.20.0 
*NCOPY,CWANGE WUMBER~60GO.OLOSET~CASK,SHl~ l  

0.-10.0. 0,10,0,25.0 
'NCOPY,CHANGE WUllBER=7000,OLDSEl~CASK,SHl FT  

0, -10.0. 0,10.0,30.0 
.WCOPY.CHANGE ~UnBER~8000,OLOSET-CASK,SHI~T 

0,-10,0, 0.10.0.37.5 
*NCOPV,CHANOE YUIIBER-PODO,OLOSET~CASK,SHIfT 

0,-10.0. 0.10.0.45.0 
*NCOPY,CnANGE NUIIBER=10000,OLP~ET=CASK,SHlFT 

- 
0.-10.0. 0,10,0,172.5 
*NCOPY, CHANGE NUW~ER~23000.OLDSET-CASK,tH 1 F I  

O,-lG,O, 0,10,0,176.25 
*NCOPY,CHAYC€ ~UWB€l=24000,OLDSEl=CASK,rHlFl 

0, -10.0, 0,10,0,180. 

- 

.. .. 
oELEMEWl,TYPE~CS08R,ELSET.CASK 
501,821,832,1832,1821,820,831,1831,1820 
*ELGEM,ELSET=CASK 
501.4.1.1.24.10GO.lOOO . . . .- . . - - -  
*ELEMENl.TYPC=C308R,€LSEr.CISI: 
505,826.841,1841,1826.825,840.1840,1825 
*ELGEN,ELSET.CASK 
505,12,1,1,2,15,12,24,10G0,1000 
*ELEMENl.TYP€-C308R.ELSEl=CASK 
529,B57,in, 1872,1857.856,871,1871,1856 
'ELGEN,ELSET-CASK 
529,11.1,1,5,15,11,24,1000,1000 

** Element set for surface 

.ELSET.ELSET.CAIl.GEYERAlE 
505,510.1 
501,504.1 
515.516.1 
1505,1510,l 
1501,150C.1 
1515.1516.1 

.. 
tt 

- -, - -, 
0.-10.0. 0,10,0.60.0 2505.2510.1 
*NCOPY,CHANGE NU~BER~l lOOO,OLDSET=CASK,SHlFT  2501,2501.1 

2515,2516.1 
0, - 10.0. O,lO,O, 75.0 3505.3510.1 
*NCOPY,CHAWGE N U Y 8 E R ~ l 2 O O O , O L O S E T ~ C A S K , S ~ l  FT 3501,3504,l 

3515.3516.1 
0,-10,o. a.io.0.90.0 4505;4510; 1 
"NCOPY,CHANGE NUHBER=13000,OLDSET=CASK,SHlFT 4501.4504.1 

L515.4516.1 - -, - - *  
0,-10.0, 0.10.0.105.0 5505.5510.1 
*NCOPY,CRANCE NU~BER~14000,OLOSET~C~SK,SWlFT 5501.5504.1 

5515,5516.1 

*NCOPY,CHANGE NUnBER~l5OOO,OLOSET~CASK,SHIFT 6501.6504.1 
6515.6516.1 

0, -10.0, 0.10,G. 120.0. . 6505,6510.1 

O.-lO,O, 0,10,0.135.0 7505;7510,1 
*NCOPV,CWANGE NUMBER*1600O,OLOSCT~CASK,SHlFl 7501,7504.1 

7515.7516.1 
0,-10.0, 0,10,0,142.5 8505:8510; 1 
*NCOPY,CHANGE NU~8ER~l7000,0LOSET*CASK,SHlFT 8501,8504,l 

8515.8516.1 
0.-10.0. 0.10.0.150.0 9505,9510.1 
*NCOPY,CHANGE NUnBER=l8OOO,OLDSET~CASK,SHlFl 9501.9504.1 

9515,9516.1 
0.-10.0. 0.10.0.155.0 
'NCOPY,CHANG€ WUMBER*l9OOO,OLOS€T~CASK,SHlFT 

0,-10.0, 0,10,0.160.0 
*NCOPY,CHANGE NUM8ER~2OOOO.OLOSET~CASK,SHl~l 

* E L S E T , E L I T = C A I ~  
501 
1501 
2501 
3501 
L501 ... 

0, -10.0, 0,10,0,165.0 5501 
*NCOPY,CHANGE UUnBER~Zl000,OLOSET~CASK.SHIFT 6501 

7501 
0. ~ 10.0, O.lO,O, 168.75 8501 
*YCOPY,CHANGE YUn8CR=22OOO,OLDSET~C~SK,SHlFT 9501 

*ELSEI,ELSET-CA13 
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504 
1504 
2504 
3504 
4504 
5504 
6504 
7504 
8504 
9504 
* E L S E T , E L S E T ~ C A l l  
505.517 
1505,1517 
2505,25 17 
3505,3517 
4505.4517 
5505;5517 
6505.65 17 
7505.7517 
8505.8517 
9505,9517 
10505,10517 
11505,11517 
12505,12517 
13505.13517 
14505,14517 
15505.15517 
16505,16517 
17505,175 17 
18505,18517 
lS05.19517 
20505,20517 
21505,21517 
22505.22517 
23505.23517 
24505,24517 
'ELSE1,ELSET~CATZ 
517 
1517 
2517 
3517 
4517 
5517 
6517 
7517 
8517 
9517 
10517 
11517 
12517 , 

13517 
14517 
15517 
16517 
17517 
18517 
19517 
20517 
21517 
22517 
235 17 
2L517 

APPENDIX C SECTION TWO 
INPUT FILE Sewic0.M 

9529.9573.11 
10529. iosn .ii 
i 1529;i 1573;ii 
i 2 5 ~ 9 . 1 2 s n . i i  
13529,13573,ll 
14529.14574.11 
15529.155n. 11 

18529; l8573; l l  

20529,2057l. 11 
21529.21573.11 
22529.22573.11 
23529.23573.11 
24529.2457S.11 

19529,195n.1 i 

.. 
** S e t  boundary condltlons .. 

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

- 

357,24357,1000 
358,24158,1000 
* N S E T . U S C T ~ F L Y V Z . G E Y F R A T ~  

88i.248a2.1000 
897,24897,1000 
912,24912,1000 
927.24927.1000 
942,24942,1000 
*BWNDARY 

$I* 2 
r n u ,  zwnn 
._. ,_ 
FLXVZ,1,3 
CAXYL, 1, l  
**END OF f l L E  
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