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1. PURPOSE 

The objective of this calculation package is to demonstrate the structural adequacy of the Advanced 
NUHOMS® FO-DSC shell assembly and to demonstrate conformance to applicable structural criteria
The FO-DSC shell assembly is evaluated for normal, off-normal and hypothetical accident conditions 
in accordance with IOCFR72 requirements.  

The Advanced NUHOMS® FO-DSC is a high integrity welded structure, which encapsulates the spent 
fuel assemblies during transfer and storage operations. The FO-DSC pressure boundary consists of a 
5/8" thick cylindrical shell, the inner and outer top cover plates, and the inner bottom cover plate. All 
pressure boundary components are constructed of Type 316 stainless steel. A solid SA36 carbon steel 
shield plug, which is a non-pressure boundary component, is included at each end of the assembly to 
reduce radiation doses. The shield plug is constrained without being mechanically fastened to the 
stainless steel FO-DSC shell components, resulting in free thermal expansion of the dissimilar 
materials. A grapple ring is welded to the outer bottom cover plate for the purpose of pulling the FO
DSC from the Advanced Horizontal Storage Module (AHSM). The non-pressure boundary basket 
assembly, which supports the fuel within the FO-DSC shell assembly, is evaluated in separate 
calculation packages. Additionally, the DSC is suitable for storing Greater Than Class C (GTCC) 
waste provided that a 3/4" thick shell (minimum) which assures uniform loading on the canister lines 
the FO-DSC shell and that the maximum gross weight of the DSC and its components does not 
exceed 82,000 lbs.  

The major structural components, which comprise the FO-DSC shell assembly, are shown in Figure 
1-1 through Figure 1-3, and consist of the following (see Reference 1, Table 7-5 for a complete listing 
of the components and code classifications): 

* FO-DSC Shell 

* Outer Bottom Cover Plate 

* Bottom Shield Plug 

• Inner Bottom Cover Plate 

* Grapple Ring 

* Grapple Ring Support 

a Outer Top Cover Plate 

* Inner Top Cover Plate 

* Top Shield Plug

• Support Ring

510 744 6002 TO 913014152289 P. 02/13
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Four non-safety related lifting lugs are provided on the inside of the FO-DSC shell under the top end 
plates. The lugs are used for vertical lifts of the FO-DSC while installing an empty canister into the 
transfer cask. Lifts using these lugs are performed without the top end components installed and 
without fuel. The lifting lugs and welds are evaluated in a separate calculation package [15].  

The shell assembly components are evaluated using the guidelines presented in the Design Criteria 
Document [1]. The structural analysis criteria takes guidance from the rules of the ASME Code, 
Section M (1992 Edition through Winter 1994 Addenda) with exceptions from Code Case N-595-1 
[2]. Per Table 7-5 of Reference 1, all pressure boundary components listed above are evaluated per 
Subsection NB of the Code. For welds of non-pressure boundary parts, criteria are guided by the 
Code rules for component supports. The allowable stress limits for all FO-DSC components, as well 
as the applicable weld stress allowables, are summarized in Section 5.1. Load conditions considered 
in the evaluation are discussed in Section 4.3.  

Appendices Al thru A34, BI thru B34, and C are structured in an order consistent with Table 1-1.

510 744 6002 TO 913014152289 P. 03/13
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Table 1-1 - FO-DSC ANSYS* File Names

Appendix Analysis POSTI Load Description 
Number Run I.D. Run 1.D.  

Top End Models 
1 QT24PIP PT24PIP 10 psi, 20 psi & 60 psi internal pressure on inner pressure boundary 
2 QT24PFL PT24PFL 22 psi external flood pressure, + 10 psi internal pressure 
3 QT24PED PT24PED 1 g axial, 60g bottom-end drop acceleration, + 20 psi internal pressure 
4 QT24P1G PT24PIG Ig axial acceleration outward + 14.6 psi pressure on shield plug (fuel/sleeves 

inertial load) 
5 T24PDW PT24PDW 1 g vertical acceleration on horizontal FO-DSC 
6 T24THERM N/A Steady State temperature solution for thermal load cases 15, 16, and 26 
7 T24PSD PT24PSD 75g side drop acceleration 
8 T24PSDP PT24PSDP 75g side drop acceleration + 20 psi internal pressure 
9 T24PTH PT24PTH Thermal load cases 7, 8, 15, & 16 
10 T24PTH2 PT24PTH2 Thermal load case 26 
11 T24PTHP PT24PTHP Thermal load case 7 + 10 psi internal pressure 
12 T24PTP2 PT24PTP2 Thermal load cases 8, 15, & 16 + 10 psi internal pressure 
13 T24PTP3 PT24PTP3 Thermal cases 26 + 10 psi internal pressure 

Bottom End Models 
14 QB24PLT PB24PLT 14.7 psi external + 155 k axial load (shell & inner bottom cover plate only) 
15 QB24PIP PB24PIP 10 psi, 20 psi, & 60 psi internal pressure on inner pressure boundary 
16 QB24PFL PB24PFL 22 psi external flood pressure, + 10 psi internal pressure
17 QB24PIG PB24PIG Ig axial acceleration outward + 14.6 psi on inner cover plate (fuel/sleeves inerti4---J 

load)
18 B24PDW PB24PDW Ig vertical acceleration on horizontal FO-DSC 
19 T24THERM N/A Steady State temperature solution for thermal load cases 15, 16, and 26 
20 B24PSID2 PB24PSD2 75g side drop acceleration 
21 B24PSID3 PB24PSD3 75g side drop acceleration + 20 psi internal pressure 
22 B24PTH PB24PTH Thermal load cases 7, 8, 15, & 16 
23 B24PTH2 PB24PTH2 Thermal load case 26 
24 B24PGPI PB24PGP1 60 kip, 80 kip Grapple pull (grapple assembly model only; for primary stress 

determination) 
25 B24PGP2 PB24PGP2 60 kip, 80 kip Grapple pull, + 20 psi on outer boundary (w/o grapple assy; for 

primary stress) 
26 B24PGP3 PB24PGP3 60 kip Grapple pull (w/o grapple assy; axisymm. boundaries for comparison to 

B24PGP2) 
27 B24PTHG PB24PTHG 60 kip Grapple pull + Thermal load cases 15, 16, & 26 
28 B24PT-G PB24PT-G -(60 kip Grapple pull) + Thermal load cases 15, 16, & 26 (to capture stress range) 
29 B24PRAM PB24PRAM 60 kip, 80 kip Ram push 
30 B24PTHR PB24PTHR 60 kip Ram push + Thermal load cases 7 & 8 
31 B24PTR2 PB24PTR2 60 kip Ram push + Thermal load cases 7 & 8 
32 B24PTR3 PB24PTR3 80 kip Ram push + Thermal load cases 7 & 8 
33 B24THER2 N/A Steady State temperature solution for thermal load cases 15, 16, and 26 for the 

I refined mesh model.  
34 QB24PED PB24PED Ig axial, 60g top-end drop acceleration, + 20 psi internal pressure

I

I
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Figure 1-2 - FO-DSC Shell, Top Detail
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Figure 1-3 - FO-DSC Shell, Bottom Detail



Transnuclear West Inc.  
Calculation Sheet 

PROJECT NO: SCE-01 REVISION: 1 
CALCULATION NO: SCE-01.0204 PAGE: 15 of 138:

2. CONSERVATISM 

The following conservatisms are applied to the analysis and results: 

1. In most cases, allowable stresses are based on an overall bounding maximum temperature (650 'F 
[Reference 9]), which is conservatively higher than the design temperature (500 'F [Reference 1]).  
Otherwise allowable stresses are based on the maximum temperature for the specific load 
combination (rounded up to the nearest 50 degrees). Stress results tables (Table 10-1 through 
Table 10-20 identify any exceptions).  

2. For load combinations where combining results from the sum of multiple ANSYS® [Reference 5] 
runs is necessary, maximum component stress intensities are added to determine the load 
combination's total stress intensity. This is more conservative than determining the stress 
intensity from the sum of the component stresses from each run. Exceptions are noted in Chapter 
9. Additionally, maximum stress intensities are combined irrespective of location within a 
component.

3.

4.

Each of the analyses conservatively assumes minimum thicknesses and includes corrosion 
allowances, as defined in the DCD (Reference 1). This corresponds to a minimum 1/16" 
corrosion allowance on all exposed surfaces and a 0.03 fabrication tolerance reduction on the DSC 
shell. Table 2-1 details key plate thicknesses included in the ANSYS® model.  

Thermal load cases which take place in the transfer cask use bounding temperature profiles 
corresponding to the DSC in the OS 197 Transfer Cask [Reference 10]. The heat source in 
Reference 10 is a conservative 24 kW, and the SCE heat source is 14 kW [1].

5. For partial penetration welds where Code Case N-595-1 applies, a conservative joint efficiency 
factor of 0.6 is used instead of the specified 0.8 or 0.9 factors.  

6. For the FO-DSC in a horizontal position (e.g., dead weight, side drop, transfer to AHSM) the FO
DSC is conservatively assumed to be resting (or dropping) on one rail. For loadings distributed on 
two AHSM rails (each 350 from the vertical axis [17]), the maximum normal force imposed on 
one rail is 

FN = Fv/(2(cos35°)) = 0.61 Fv < 1.0Fv 

The normal force for the FO-DSC resting on two cask rails at 18.5° is less than the above normal 
force. Therefore, applying the entire side load on one rail is conservative.
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Table 2-1 - Nominal Versus ANSYS model Plate Thicknesses 

Thickness as 

Components Nominal Modeled in Comments 
Cs Thickness ANSYS® 

Includes 1/16" corrosion allowance and 0.03 
FO-DSC Shell 5/8" 0.53" fab. tolerance 

Outer Bottom 17/8" 13/4" Includes 1/16" corrosion allowance plus an 

Cover Plate additional 1/16".  
Thicker by 1/8". Load due to its weight is 

Bottom Shield 6 1/8" 6 1A" conservative. Its ability to transfer the load is 

Plug not affected by its stiffness.  

Inner Bottom 3/4" 3/4" 
C o v e r P la te l it 

Grapple Ring 1 1/8" 1" Includes 1/8" corrosion allowance 

Grapple Ring 7/8" /4" Includes 1/8" corrosion allowance 
Support __ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Outer Top Cover 1 3/8" 1.31 Includes 1/16" corrosion allowance 
Plate ______________________ 

Inner Top Cover 1 1/4" 1 1/4" 
Plate 

Top Shield Plug 7 5/8" 7 5/8" 

Support Ring 3/4" 3/4"

1

16 OT 1M I

I
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3. ASSUMPTIONS 

1. The FO-DSC shell assembly is analyzed using separate models of the top and bottom halves. For 
most analyses of the FO-DSC, behavior is assumed to be symmetric across the mid-height of the 
shell. For analyses where grapple pull loading occurs, the mid-height of the shell is restrained at 
only a single point, thereby maximizing this effect. For analyses where ram loading occurs, the 
entire mid-height of the shell is restrained in the axial direction.  

2. For analyses of load conditions that exclude the effects of thermal stresses, the temperature is 
assumed to be uniform such that the modulus of elasticity is constant for each material. Properties 
corresponding to the maximum temperature appropriate for the load case analyzed are assigned 
unless noted otherwise.  

3. Both the top and bottom Ig ANSYS® runs apply a pressure load to the appropriate inner cover 
plate that represents the deadweight load due to the fuel weight [11]. The pressure is equal to the 
maximum basket and fuel weight divided by the area of the plate: 
(35,568 +7,631+10,889)/[(n)(32.97) 2] = 15.8 psi). However, the ANSYS® runs use a value of 
16.0 psi.

4. The mean radius used in the ANSYS® models (33.33 in) differs slightly from the actual mean radiu 
(33.24 in). A comparison of the areas based on the two radii shows that difference in areas is 
negligible:

2 7trANsYs/ 2 7rtrAcruL - I = 33.33/33.24 - 1 = 0.27% 

Similarly, a comparison of Moments of Inertia based on the two mean radii shows that the 
difference in Moments of Inertia is negligible: 

¼7t(rANsYs)3//nt(rAc.uA) 3 - 1 = 33.333/33.24' - 1 = 0.8 1% 

Thus, the effect of the slight difference in the mean radius used in the ANSYS® models is 
insignificant.  

5. For seismic analyses, the FO-DSC shell is assumed to act as a simply supported beam.  

6. The analysis of the bottom of the support ring to shell intermittent weld assumes that applicable 
force on the weld exists only in the axial direction.  

7. The 6 1/8" thick bottom shield plug is modeled as 6 1/4" thick. Loads due to the mass of the 
shield plug are conservatively larger. Additionally, the shield plug's ability to transfer the load 
between the inner and outer bottom cover plates is not affected because of its large relative 
stiffness.  

8. The one inch diameter leak test port located in the outer top cover plate is assumed to have no 
effect on stresses in the plate.

I
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1'
9. The 1/4" vent and siphon block cover plates, and the 3/16" partial penetration weld between the 

vent and siphon block cover plates (Figure 1-2) and the siphon and vent ports are not included in 
the analysis. Stresses in the weld are assumed to be smaller than stresses in the inner top cover 
plate weld which is smaller (1/4" partial penetration) and is around the circumference of a much 
larger plate. The ratio of the radius to the thickness squared for the inner top cover plate is equal to 
66.13/1.252 = 42.3, and the ratio of the radius to the thickness squared for the vent/siphon block 
cover plate is equal to 1.00/0.252 = 16.0. A comparison of the relative bending stiffnesses shows 
that bending stresses in the inner top cover plate weld are higher than bending stresses in the 
vent/siphon block cover plate weld by a factor 42.3/16.0 = 2.6. Thus, the main loading on the 
vent/siphon block cover plates is by internal pressure only.  

Others as noted.  

S
II
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4. DESIGN INPUT/DATA 

4.1 Geometry/Critical Interfaces 

The Advanced NUHOMS® FO-DSC shell assembly (see Figure 1-1 through Figure 1-3) is a closed 
end cylindrical shell, nominally 186.2 inches in length and has an outer diameter of 67.19 inches. The 
FO-DSC pressure boundary consists of a 5/8" thick cylindrical shell, inner an outer top cover plate 
and the inner bottom cover plate. Non-pressure boundary carbon steel shield plugs are included at 
each end of the assembly. The bottom shield plug is confined between the inner and outer bottom 
cover plates. The inner top cover plate and a support ring, which is welded to the inside of the 
cylindrical shell, confine the top shield plug. A grapple ring is welded to the outer bottom cover 
plate.  

The outer top and bottom cover plates are connected to the cylindrical shell using 1/2" and 5/8" partial 
penetration welds, respectively. The inner top cover plate is welded along the top perimeter only, 
using a 1/4" partial penetration weld. The inner bottom cover plate is welded using full penetration 
weld. The support ring is connected to the cylindrical shell at the top surface with a continuous 1/4" 
penetration weld reinforced with a 1/8" cover fillet. The bottom surface of the support ring is welded 
with an intermittent 1/4" fillet weld. Grapple ring assembly connections are all made using full 
penetration welds. (Partial penetration weld sizes cited above are the minimum effective throats) 

The following FO-DSC shell assembly components are evaluated in this calculation package (plate 
thicknesses are shown in parentheses): 

"* FO-DSC Shell (5/8") 

"* Outer Bottom Cover Plate (1 7/8") 

"* Bottom Shield Plug (6 1/8") 

"* Inner Bottom Cover Plate (3/4") 

"• Grapple Ring (1 1/8") 

"• Grapple Ring Support (7/8") 

"* Outer Top Cover Plate (1%") 

"* Inner Top Cover Plate (1 Y") 

* Top Shield Plug (7%") 

* Support Ring (3/4") 

* Vent and Siphon Block Cover Plate (1/4") 

* Welds (outer cover plates, inner cover plates, support ring, and grapple ring assembly) 
As discussed in Reference 1, the FO-DSC is always to be fully loaded (all cells filled with fuel 
assemblies or dummy fuel assemblies). When loaded with fuel assemblies, the FO-DSC is either in a 
transfer cask or an AHSM (Advanced Horizontal Storage Module). Two 3.00" wide rails provide 
FO-DSC support within a horizontal cask at ± 18.50 from the bottom centerline. Within a vertical 
cask, the FO-DSC is supported on the outer bottom cover plate by the bottom end plate of the cask.
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The cask bottom end plate is cut out at the center such that the grapple ring assembly of the FO-DSC 
is not supported. 

Two 3.00" wide rails provide FO-DSC support within an AHSM at ±350 from the bottom centerline 
per Reference 17. The axial restraints within the AHSM at front and back, resists seismic axial 
forces.  

To load the FO-DSC into the AHSM, the FO-DSC is pushed out of the transfer cask using a hydraulic 
ram. The load is applied to the center of the FO-DSC outer bottom cover plate within the diameter of 
the grapple ring assembly. A 9.00" diameter, 0.50" thick stop plate serves as an interface between the 
ram and the FO-DSC. The stop plate has a 0.13" bevel around the edge. To unload the FO-DSC 
from the AHSM, the FO-DSC is pulled using grapples that fit into the grapple ring attached to the 
outer bottom cover plate. Approximate dimensions for the grapples are 6.5" wide with a maximum 
reach of 2.13".  

FO-DSC lifting by the internal lugs is performed with the top end components (inner and outer top 
cover plates and top shield plug) not installed. No fuel exists in the FO-DSC for this condition. A 
spreader bar or long sling is used during the lift such that there is no significant radial component of 
load. As noted in Section 1, the lifting lugs are evaluated in a separate calculation package.  

4.2 Material Properties 

Materials used for each component of the FO-DSC shell assembly are summarized below in 
Table 4-1. Density and Poisson's Ratio for the FO-DSC materials are provided in Table 4-2.  
Temperature dependent properties are obtained from the ASME Code [3] and are listed in Table 4-3 
and Table 4-4.  

Table 4-1 - FO-DSC Shell Assembly Materials

Component Material 

FO-DSC Shell 
Outer Bottom Cover Plate 
Inner Bottom Cover Plate 

Grapple Ring SA-240 Type 316 Stainless Steel 
Grapple Ring Support (max 0.030% max. Carbon) 
Outer Top Cover Plate 
Inner Top Cover Plate 

Support Ring 

Bottom Shield Plug SA36 Carbon Steel 
Top Shield Plug I
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Table 4-2 - Density & Poisson's Ratio for FO-DSC Shell Assembly Materials

J

Material Density Poisson's Ratio 
Carbon Steel (SA-36) 490 lb/ft3  0.284 lb/in3  0.29 

Stainless Steel (SA-240 Type 316) 493 lb/ft3  0.285 lb/in 3  0.29 

Table 4-3 - SA-240 Type 316 Material Properties 

ASME Code Material Properties 
Temp. Sm Sy S, E cminm(1) aovg k 

OF (ksi) (ksi) (ksi) (xl 06 psi) OF' O1 BTU/hr-ft.°F 
-100 ....-- 29.1 .....  
-20 20.0 30.0 75.0 -- --..  
70 ..... 28.3 8.42 - 7.7 

100 20.0 30.0 75.0 -- 8.59 8.54 7.9 
150 ...-- -- 8.84 8.64 8.2 
200 20.0 25.8 75.0 27.6 9.09 8.76 8.4 
250 -- -- -- -- 9.33 8.88 8.7 
300 20.0 23.3 73.4 27.0 9.56 8.97 9.0 
350 .- -- -- -- 9.76 9.11 9.2 
400 19.3 21.4 71.8 26.5 9.95 9.21 9.5 
450 -- -- -- -- 10.10 9.32 9.8 
500 18.0 19.9 71.8 25.8 10.25 9.42 10.0 
550 -- -- -- 10.38 9.50 10.3 
600 17.0 18.8 71.8 25.3 10.51 9.60 10.5 
650 16.7 18.5 71.8 -- 10.64 9.69 10.7 
700 16.3 18.1 71.8 24.8 10.76 9.76 11.0 
750 16.1 17.8 71.4 -- 10.87 9.81 11.2 
800 15.9 17.6 70.9 24.1 10.98 9.90 11.5 

Reference Table 2A Table Y-1 Table U Table TM-1 Table TE-1 (18Cr-13Ni Table TCD 
(ASME II) Group G -3Mo & 16Cr-1 2Ni-2Mo). 16Cr-12Nl-2Mo 
Notes: 1. Instantaneous values of a for use in NB-3222.4 fatigue evaluations.



Transnuclear West Inc.  
Calculation Sheet

PROJECT NO: SCE-01 REVISION: 1 

CALCULATION NO: SCE-01.0204 PAGE: 22 of 138

Table 4-4 - A36 Carbon Steel Material Properties 

ASME Code Material Properties 

Temp. Sm SY Su(2) E ccmt(1) aavg k 

OF (ksi) (ksi) (ksi) (x10 6 psi) OF' OF' BTU/hr-ft-°F 

-100 ...... 30.2 .....  

-20 19.3 36.0 58.0 ........  
70 ...... 29.5 5.42 -- 23.6 

100 19.3 36.0 58.0 -- 5.65 5.53 23.9 

150 ........ 6.03 5.71 24.2 

200 19.3 32.8 58.0 28.8 6.39 5.89 24.4 

250 ........ 6.73 6.09 24.4 

300 19.3 31.9 58.0 28.3 7.04 6.26 24.4 

350 ........ 7.33 6.43 24.3 

400 19.3 30.8 58.0 27.7 7.60 6.61 24.2 
450 ........ 7.85 6.77 23.9 

500 19.3 29.1 58.0 27.3 8.07 6.91 23.7 

550 ........ 8.28 7.06 23.4 

600 17.7 26.6 58.0 26.7 8.46 7.17 23.1 

650 17.4 26.1 58.0 -- 8.62 7.30 22.7 

700 17.3 25.9 58.0 25.5 8.75 7.41 22.4 

750 not permitted at temperatures above 700°F 8.87 7.50 22.0 
800 %...... 8.96 7.59 21.7 

Reference Table 2A Table Y-1 Table U Table TM-i Table TE-1 (Group C) Table TCD 

(ASME II) 1 1 C5 0.30% (C-Mn-Si) 

Notes: 1. Instantaneous values of a for use in NB-3222.4 fatigue evaluations.  

2. Su from Table Y-1, temperature dependence based on similar carbon steels.

4.3 Load Conditions & Combinations 

Postulated FO-DSC load conditions are described below based on the detailed discussions provided in 

Table 7-15 of Reference 1. The application sequence of the various loads is presented in Reference 1.  
Loads are combined per the load combination summary provided in Table 4-6.  

4.3.1 Fabrication Pressure and Leak Testing 

Pressurization and leak testing is performed on the FO-DSC shell and inner bottom cover plate during 

fabrication. No other components are in place during this test. A seal plate is placed on the open top 

of the FO-DSC shell and preloaded through the application of torque on eight bolts. The resulting 
pre-load to be considered in the evaluation is 155 kips. The FO-DSC is then evacuated to a partial 
vacuum and then re-pressurized with helium. Therefore, two load conditions are evaluated for the 
FO-DSC shell and inner bottom cover plate:
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155 kip axial compression + 14.7 psi external pressure (full vacuum) on the shell between the top 
edge and the inner-bottom cover plate + 14.7 psi external pressure on the inner bottom cover plate.  
155 kip axial compression + 12.0 psi internal pressure on the shell between the top edge and the inner 
bottom cover plate + 12.0 psi internal pressure on the inner bottom cover plate.  

4.3.2 Deadweight 
FO-DSC deadweight is to be evaluated for both vertical and horizontal positions. The end plates are 
assembled such that no gaps exist between the cover plates and shield plugs. Based on the thickness 
of the top cover plates and top shield plug, under vertical loading the cover plates will bear on the 
shield plug. A portion of the load from the cover plates and the entire shield plug load will be 
transferred into the shell through the support ring, which is welded to the inside of the shell. The shell 
supports the entire weight of the top end components in addition to its self-weight. The weight of the 
fuel is assumed to be uniformly distributed over the area of the inner bottom cover plate. The fuel 
load and the weight of the bottom end components are transferred directly to the cask bottom through 
bearing between the inner bottom cover plate, bottom shield plug, and outer bottom cover plate. The 
pressure due to the basket and fuel load (including guide sleeves and over sleeves) is assumed to 
equal 16.0 psi at 1g.  

When the FO-DSC is in a horizontal position, the end components and basket assembly bear against 
the FO-DSC shell. When in the transfer cask, the shell is supported by two 3" wide cask rails located at 
±18.5' from the bottom centerline. When stored (horizontally) in the AHSM, two 3" wide rails 
support the FO-DSC shell at ±350 from the bottom centerline. Rails in the AHSM are a part of the 
FO-DSC support structure. Stresses in the region of the basket assembly spacer disks are determined 
in a separate calculation package (Reference 8).  

4.3.3 Internal and External Pressure 
The FO-DSC is evaluated for two pressure boundaries: the inner pressure boundary and the outer 
pressure boundary. The FO-DSC shell, the inner bottom cover plate, the inner top cover plate and the 
associated welds define the inner pressure boundary. Because there are no gaps between the top end 
components, the inner cover plate will bear against the outer cover. Therefore, the two plates, 
proportioned according to the relative stiffness of the two plates will share the pressure load.  
Similarly, the absence of gaps between the bottom end components allows the inner bottom cover 
plate to bear against the shield plug. The shield plug will in turn bear against the outer cover plate.  

Table 7-I of Reference 1 lists the internal pressures applicable to the FO-DSC. Included in the table 
are the following analysis pressures to be considered in the evaluation: 

Normal (Level A) 10 psig inner pressure boundary 

Design (@500 'F) ±10 psig inner pressure boundary 

Off-Normal (Level B) 20 psig inner pressure boundary 

Accident (Level D) 60 psig inner/outer pressure boundary
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In addition to the internal pressure loads listed above, the FO-DSC will be subjected to hydrostatic, 

blowdown, vacuum, and test pressures during the fuel loading and draining/drying processes. Prior to 
loading fuel and without the top end components in place, the cask annulus is filled with water 
resulting in a hydrostatic external load on the FO-DSC shell. The hydrostatic load is then balanced by 

filling the FO-DSC with water. After the fuel is loaded, the top shield plug and inner top cover plate 

are installed along with a strongback to support the inner cover plate, and an internal blowdown 
pressure of 20 psig is applied to evacuate the FO-DSC of water. The FO-DSC interior is then dried 

under vacuum conditions. The FO-DSC is backf'lled with helium at 12 psig. The pressure is then 

reduced to 5 psig, the strongback is removed, and the outer cover plate is welded in place.  

4.3.4 Thermal 

The shield plugs are made of SA36 carbon steel which has a lower coefficient of thermal expansion 
than the Type 316 stainless steel of the FO-DSC pressure boundary components (see Table 4-3 and 
Table 4-4). Because the dissimilar metals are not mechanically fastened, allowing free differential 
thermal growth, the thermal stresses in the FO-DSC shell components are due entirely to thermal 
gradients. A check for support rod and spacer disk interferences with the FO-DSC shell assembly due 

to thermal expansion is made in the basket assembly calculation package [8, 16]. Stresses resulting 

from thermal gradients are classified as secondary (Q) stresses, which need be evaluated only for 

Service Level A and B conditions.  

The various thermal conditions evaluated are summarized in Table 4-5. Thermal cases 7 and 8 occur 

when the DSC is in the transfer cask. Temperature distributions are calculated by equations that relate 

the axial, tangential and radial locations on the FO-DSC assembly [see Tables 4-7 and 4-8 in 

Reference 9 for temperatures equations]. Thermal data is not available for the 0°F ambient cases.  

The -40'F cases are used for the 0°F cases and is conservative due to higher gradients. Thermal cases 

15, 16, and 26 occur when the DSC is in an AHSM. Temperature distributions for these load cases 

are based on results in Reference 9. For the AHSM cases, thermal stresses in the grapple ring are 
based on maximum and minimum grapple ring temperatures from Table 5-3 of Revision 0 of 

Reference 9. Because the temperature gradients are slightly larger for Revision I of Reference 9, the 

thermal stresses in the grapple ring and grapple ring support are multiplied by the ratio of the Revision 

1 maximum temperature differences to the Revision 0 maximum temperature differences. This 

results in a stress multiplying ratio of 1.30 for thermal case 15, 1.32 for thermal case 16, and 1.29 for 
thermal case 26.  

Thermal conditions during vacuum drying and blowdown are discussed in Section 8.3.  

In addition to stresses caused by temperature gradients, maximum component temperatures are used 

to determine material properties (e.g., elastic modulus and yield stress) for the stress analyses and for 

the calculation of allowable stresses. For the stress analyses, material properties are assigned to the 

maximum DSC temperature assuming that the temperature is uniform throughout the FO-DSC (i.e.  

for a given material, properties remain constant at all locations).

I
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4.3.5 FO-DSC Handling & Transfer Loads 
There are two categories of handling loads: (1) inertial loads associated with moving the FO-DSC and 
(2) the loads associated with inserting the FO-DSC into and retrieving the FO-DSC from the AHSM.  

4.3.5.1 HSM Transfer Loads 
Handling loads are inertial loads on the loaded FO-DSC resulting from on-site handling and 
transportation between the fuel handling/loading area and the AHSM. Four inertial conditions are 
defined as follows: 

"± 1.Og Axial 

"± 1.Og Transverse 

"± 1.Og Vertical 
"± ½g Axial ± 1/g Transverse ± ½g Vertical (cask horizontal) 

Under axial handling loads, the fuel and sleeves are assumed to bear against the inner bottom cover 
plate or the top shield plug. This results in a pressure on the top or bottom inner cover plate 
(depending on the direction of the axial loading) equal to 16.0 psi at 1g.  

4.3.5.2 AHSM Loading / Unloading 
To load the FO-DSC into the AHSM, the FO-DSC is pushed out of the transfer cask using a hydraulic 
ram. The load is applied to the center of the FO-DSC outer bottom cover at the center of the grapple 
ring assembly. A 9.00 inch diameter, 0.50 inch thick 'Stop Plate' serves as an interface between the 
ram and the FO-DSC. The stop plate is backed by a 9 inch diameter barrel that houses the grapple 
arm assembly. The ram load is applied to the cover plate in the form of two arcs, assuming that the 
load is concentrated at the barrel diameter, excluding the cutouts for extension of the grapple arms.  
Based on the relative stiffnesses of the cover plates and shield plug, a portion of the insertion load will 
be transferred through the shield plug to the inner bottom cover plate (and associated welds).  

To unload the AHSM, the FO-DSC is pulled using grapples which fit into the grapple ring on the 
outer bottom cover. Approximate dimensions for the grapples are a width of 6.5 inches and a 
maximum reach of 2.13". Thus the withdrawal loads should be imposed over two 6.5" wide sections 
of the grapple ring.  

Grapple loads am defined as: 

Operating Insertion Retrieval ASME 
Condition Service Level 

Normal 60 kips 60 kips A 
Off-Normal 80 kips 60 kips B 

Accident N/A 80 kips C/D 
The loads applied by the hydraulic ram are balanced by friction between the FO-DSC shell and the 
Cask and/or AHSM rails.

I
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4.3.6 Cask Drop 

Drop loads are defined in Reference 1 as accelerations applied statically. Drops are only postulated 
for the FO-DSC when positioned inside the transfer cask. Four drop conditions are considered in the 
analysis: 

1. 75g Side Drop (SD) 

2. 25g Comer Drop 

3. 60g Bottom End Drop (BED) 

4. 60g Top End Drop (TED) 
The 25g comer drop is bounded by the 75g side drop, the 60g bottom end drop, and the 60g top end 
drop. Thus further analysis is not required. The 60g Bottom End Drop (Load Combination TR-9) and 
the 60g Top End Drop (Load Combination TR-12) are not required by Reference 1, but are included 
in this calculation package for future calculations. The load path for the side drop will be identical to 
that described in Section 4.3.2 for deadweight in a horizontal position.  

4.3.7 Seismic Loads 

Seismic accelerations for the FO-DSC are equal to 3.Og in the vertical, transverse, and longitudinal 
directions [1]. However, this calculation assumes that the seismic accelerations inside the AHSM are: 

±6.Og vertical 

±6.Og transverse 

±6.Og longitudinal 

Seismic loads equal to 0.33g are considered for fatigue effects on the shell [1].  

4.3.8 Flood Loads 

The flood condition is defined in Reference 1 as a 50 foot static head of water. This equates to an 
external pressure on the FO-DSC of 22 psi and is applied uniformly.  

4.3.9 FO-DSC Reflood 

FO-DSC reflood occurs only when fuel has to be removed from the FQ-DSC. Wbile positioned 
vertically in the cask in the fuel handling area, the annulus between the cask and FO-DSC is filled 
with water and water is added to the FO-DSC. (Holes are drilled in the outer top cover plate to access 

the vent and siphon ports.) The reflood procedure requires that the water flow rate be controlled such 
that the pressure is maintained below 20 psig. Therefore, concurrent loads to be considered for the 
reflood condition, as shown in Table 7-15of Reference 1, are: 

t 1. External hydrostatic pressure 

2. 20 psig internal pressure
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Both top cover plates are in place for this loading. In addition, a strongback may be installed to 
provide additional support for the inner top cover plate. These loads are enveloped by the loads that 
occur during FO-DSC draining and drying. Therefore, no specific evaluation is required.  

Table 4-5 - FO-DSC Thermal Conditions 
Ambient Tmbent Location Orientation Thermal Case No. Reference 

Temperature 
-40l7 OS 197 Transfer Cask Horizontal 7 Reference 10.  
1000F OS 197 Transfer Cask Horizontal 8 Reference 10.  
-40 °F AHSM Horizontal 15 Reference 9.  
104OF AHSM Horizontal 16 Reference 9.  
1 17°F AHSM Horizontal 26 Reference 9.  

0°F Transfer Cask / AHSM Horizontal Note 2 Note 2 
117 0F AHSM with Blocked Vents Horizontal Note 3 Note 3 

Transfer Cask 
117°F (Sunshade Required) Horizontal Note 4 Note 4 

Notes: 
1. Temperature data for thermal cases 15, 16, and 26 are based on results documented in Reference 10.  
2. Temperature data is not available for the 0° condition. Per Section 4.3.4 the -40* condition is used.  
3. The 1170 blocked vents condition in the AHSM is an accident condition (Level D). Because there are no secondary 

stress limits applicable to Level D conditions, thermal stress evaluation is not required. For the determination of 
allowable stresses, maximum component temperatures for this condition are included in Reference 9.  

4. The I 17'F condition in the transfer cask with the required sunshade is enveloped by the 104OF condition without a 
sunshade because insolation causes higher thermal gradients along the circumference of the shell.  

5. Temperatures conditions for vacuum drying and blowdown are documented in Section 8.3.
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TRANSFER TO I FROM ISFSI 

TR-1 Axial Load - Cold Cask x - - 10.0 psi - 0OF Cask 1g Axial - A 

TR-2 Transverse Load - Cold Cask x - - 10.0 psi - OAF Cask 1(g Transverse - A 

TR-3 Vertical Load -Cold Cask x - - 10.0 psi - OAF Cask 1 Vertical - A 
1/2g Axial 

TR-4 Oblique Load - Cold Cask x - - 10.0 psi - 0OF Cask +1/2g Trans A 
+ 112g Vert 

TR-5 Axial Load - Hot Cask x - - 10.0 psi - 104OF Cask 1 gAx - A 

TR-6 Transverse Load - Hot Cask x - - 10.0 psi - 104oF Cask 1gTransverse - A 

TR-7 Vertical Load- Hot Cask x - - 10.0 psi - 104oF Cask 1gVertical - A 

112 Axial 

TR-8 Oblique Load- Hot C x - - I0.0 psi 1I040F Cask +1/2gTrans A 
+ 1/2g Vert 

TR-9 Bottom End Drop Th is d= is not credibl for Ihe horizontal NUHOMS system. 60g Drool) D 
TR-10 Sid.Dr.n No* I I I - I - 1 20.0Psi N s 04oFeCask 

TR-11 Corner Dw. NoteIJ - I - 1 20.0 psi 1- 04OFCask 25gDropp() D 

TR-12 Top End On This d= is not credl fort ie horizontal NUHOMS system. 60g Drop(') 

HSM LOADING 

LD-I Normal -•Cold Cask I x I - I 10-o.opsi - OOF Cask +0K'p - A 

L-2 NormalL1;a -CokHot Cask I x I - I - 1 10.0Psi - 1040FCask +K0K(', u A 

LD-3 Off-Normal Loadin -Cold Cask x - - 20.0e I - OAFCak +80 Kip'i 10% FaIl Fuel 

L.04 Off-Normal Loaft -Hot Cask I x - . 20.0 Psi : - 1170F Cask +8 l 10% Failedue B
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Table 4-6 - Summary of FO-DSC Load Combinations 

IHorizontal DW IVertical DWI internal IExternal I Thermal 1 5;lki 1 Ottiw I Service 
DSC Fuel I DSCI Fuel Pressure(4)1 Pressure Condition Loads Loads I Level 

Nt-Oaertienall Load Came 
NO-1 Fab. Leak Testn - 1 14.7 psi1 700F- 155ki axial Test 
NO-2 Fab.LeakTesting 12 701F S -1 55kdpaxial Test 

NO-3 IDSCU 9 I - - 70F x - A 

NOI 4 DS0 Vertical Lift - I -70IF X I A 
FUEL LOADING LOAD CASES 

FL-3 DSC/Cask Fer - Cask I - H Hydrotic t I120F Cask A- 
OL2 SC/Cask F'in9i Cas I statiH~ c Hydrostatc I120oF Cask A 

FL3DSC/Csk Xfor - Cask IHydro.ttic Hydrostti 120PF Cask A 

FL-4 Fuel Loadin- Cask x Hydosatic, 12tOFCask - -A 

FL-5 XfortoDecon - a- ask x I Hdrostatic 1200FCask - -A 

FL-6 Inner Cover Plate Welding - - Cask x Hydosttc Hrostafic 120OFCak -

FL-7 Fuel Deck Seismic Loading - - Cask x I joatI o l2OFCak - - C 
DRAINING AND DRYING LOAD CASES 

DD-I SC BlwdownCask x Hydrostatics Hydrostatic 12(rF Cs 
____________ - - - I + 20psi ___ ____ 

DD-2 Vacuum Drying - - Cask x 0psi Hydrostatic+ 120F Cask 

DD-3 HeliumBackfil, - - Cask x 1 12psi, Hydrostatic 120FCask - - B 

DD-4 FmalHeliumBackil - Cask x 5.0psi Hydrostatic 120OFCask - -B 

00-5 Outer Cover Plate Welding - I Cask x I5.0 psi I Hydrostatic I 120OF Cask - - A 

TRANSFER TRAILER LOADING 

rT. VerticalXe,,oTo Traler Cask x 1 10.0Pl - (AFCask - - A 

STL-2 I Caskl 1oopI -10.0F1VFc -Ca- I A

I P.•,kI I In.n a..

I
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Table 4-6 - Summary of DSC Load Combinations (continued) 
HSM STORAGE 

HSM-1 Normal Storage - Cold HSM x - - 10.0 psi - 0OF Cask - A 
HSM-2 Normal Storage - Hot HSM x - - 10.0 p - 104oF Cask - - A 
HSM-3 Off-Normal Storage - Cold HSM x - - 20.0 psi - -40OF Cask - 10% Failed Fuel B 
HSM-4 Off-Normal Storage - Hot HSM x - - 20.0 psi - 117OF Cask - 10% Failed Fuel B 
HSM-5 Off-Normal Storage/Outer - Cold HSM x - 20.0 psi - -40OF Cask - 10% Failed Fuel B 
HSM-6 Off-Normal Storage/Outer -Hot HSM x - - 20.0 psi - 1170 F Cask - 10% Faile Fuel B 
HSM-9 3.Og EQ - Cold HSM x - - 20.0 psi - -40OF Cask - 3.Og EO + 10% FF D 

HSM-10 3.Og EQ - Hot HSM x - - 20.0 psi - 1170F Cask - 3.Og EQ + 10% FF 0 
HSM-11 Bloced Vent Storage HSM x - - 60.0 psi - 117OF AHSM/BV(3) - 100% Fa•led Fuel D 
HSM-12 Rood Load (50,) - Cold HSM x - - 0pa 22ps!M 0F Cask - FloodM C 
HSM-13 Flood Load (50'H20) - Hot HSM x - - 1pd 22psi(2) 117OF Cask - FloodM C HSM Lin Ing 

UL-1 Normal Unloadn- Cold HSM Ix - 10.0 ps - O0F Cask -60 Kip 
UL-2 NormalUnkot -Hot HSM x - 10.0 psi - 1040F•as -0K -CA 
UL-3 Off-Noral Unloadin~g- Cold HSM x -I - 20.0 psi - OOF Cask 0 - B 
UL-4 Off-NormaUnl -Hot HSM x - - 20.0 si - ll70 FCask 4K 
UL-5 AcidentUnloadiri FF/Hot HSM S - I - I20.0Si - O04Ca -80Ki 10%Failed Fue C 

DSC Unlodtlogeflood 
RF-1 IOSCReflood ICask I x I20.OpsiI H tic Il20FCask - - D

Notes 
1. Drop accelerations include gravity effects. Therefore, it is not necessary to add an additional Ig (gravity) load.  
2. Flood load is external pressure equivalent to 50 ft. of water.  
3. BV = AHSM Vents are blocked 
4. HSM insertion loads and internal pressure loads are in opposite directions.

PROJECT NO: 1
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5. METHODOLOGY 

5.1 Acceptance Criteria 

The FO-DSC is designed using the criteria of Subsection NB of the ASME Code [2], as described in 
the Design Criteria Document [1]. Non-pressure boundary components, which are not required for 
the pressure related structural performance of the FO-DSC, criteria are guided by the Code rules for 
component supports.  

5.1.1 Pressure Boundary Components 

5.1.1.1 Stress Criteria 

The FO-DSC pressure boundary components include the FO-DSC shell and top and bottom inner and 
top outer plates. The shell and cover plates (top and bottom, inner and outer) are designed to the 
stress criteria of Subsection NB of the Code. Stress criteria for these components are summarized in 
Table 5-1. The criteria of Table 5-1 are combined with the Code properties of Table 4-3 to provide 
temperature-dependent allowable stresses which are summarized in, Table 5-2 (Level A and B), ý 
Table 5-3 (Level C), Table 5-4 (Level D, elastic), and Table 5-5 (Level D, elastic/plastic). Stresses 
are classified in accordance with section NB-3210 of the Code.  

For vessels with flat heads, the Code permits two methods of classifying stresses in the head to shell 
region (See note 2 to Table NB-3217-1). The Code requires that, if the bending moment at the edge 
of a flat head (and the corresponding moment in the shell) is required to maintain stresses in the 
center of the head within acceptable limits, then the bending moment stress at the edge of the plate 
and in the shell shall be classified as a primary bending stress (Pb). If stresses at the center of the flat 
head are within acceptable limits for a pinned edge condition, the bending stresses at the edge can be 
classified as secondary stresses (Q).  

5.1.1.2 Stability Criteria 

Stability criteria for Level A load conditions are from NB-3133. Criteria for external pressure and 
axial compression are provided in NB-3133.3 and NB-3133.6, respectively. The results of the 
following calculations are summarized in Table 5-10.  

5.1.1.2.1 External Pressure 

For determination of the allowable service level A external pressure for the FO-DSC, the following 
dimensions are used: 

SD, = 67.19 inches ST = 0.530 inches 

L = 186.2 inches 

The dimensionless ratios from Step 1 of NB-3133.3 are:
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L 186.2 --=•~--.2.8 
D. 67.19 

R.o = 67.19 = 126.8 
T 0.530 

Using the above values and Fig. G from Section II, Part D, Subpart 3 [2].  

Factor A = 0.00032 
Knowing Factor A, Factor B is determined using Fig. HA-2, Section HI, Part D, Subpart 3 [2] is 
determined at temperatures of, 100lF, 400°F and 700°F.  

Factor B @ 100'F = 4,400 psi 

Factor B @ 400*F = 4,100 psi 

Factor B @ 700*F = 3,750 psi 
The bounding pressure is determined as follows: 

. 4B 
3Do 

T 

For the 100' case, Pa is equal to 46 psi. Results for other cases are listed in Table 5-10.  

5.1.1.2.2 Axial Compression 
For determination of the allowable service level A axial compression for the FO-DSC, the following 
dimensions are used: 

Do= 67.19 inches 

R =RO - 0.625 = 32.97 inches (minimized) 
2 

T= 0.530 inches 
Using the above values, 

0.125 
Factor A = 0.5 =0 0.002 

R T 
Knowing Factor A, Factor B is determined using Fig. HA-2, Section II, Part D, Subpart 3 [2] is 
determined at temperatures of, 100*F, 400*F and 700°F.  

Factor B @ 100*F = 11.7 ksi 

Factor B @ 400'F = 10.4 ksi 

Factor B @ 700*F = 9.3 ksi 
Factor B is the allowable axial compression for service level A and B. Service level C, Test, and D ar 
determined by multiplying by 120%, 135%, and 150%, respectively.
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5.1.2 Pressure Boundary Welds 

The shell longitudinal and circumferential welds do not require explicit evaluation because they are 
fully inspected full penetration welds designed in accordance with Subsection NB and Code Case N
595-1 [2]. The qualification of the shell qualifies the welds. Pressure boundary welds are shown in 
Figure 1-2 and Figure 1-3.  

The top cover plates to shell welds and the outer bottom cover plate to shell weld, which are all 
partial penetration welds, may be evaluated using the joint efficiency factor specified in Code Case N
595-1. The code case permits a joint efficiency of 0.9 to 0.8, depending on the type of weld and 
inspection level. However, allowables, as summarized in Table 5-11, Table 5-12, and Table 5-13, are 
conservatively determined by applying a joint efficiency factor of 0.6 to the allowable stress of the 
base material. The inner bottom cover plate weld is a full penetration weld and is full strength.  

5.1.3 Support Ring 

The support ring is evaluated for the stress criteria of Subsection NB of the Code [2]. NB-3364 and 
NB-3135 require that attachments meet the stress criteria of NB. The criteria and allowable stress 
values are summarized in Table 5-1 through Table 5-5.  

5.1.4 Support Ring to Shell Weld 

The support ring to shell weld is not a pressure boundary weld and is conservatively evaluated using 
the Subsection NF criteria for partial penetration and fillet welds, summarized in Table 5-14. The 
allowable base metal and weld metal stress values are summarized in Table 5-15 and Table 5-16, 
respectively.  

5.1.5 Shield Plugs 

Shield plugs are non-pressure boundary components and need only to maintain their structural 
integrity. Conservatively, the criteria of Subsection NB of the Code for pressure boundary parts are 
applied for the plugs. The criteria are summarized in Table 5-1. Allowable stress values are 
summarized in Table 5-6 through Table 5-9.  

5.1.6 Grapple Ring and Grapple Ring Support Plate 

The grapple ring and grapple ring support plate are fabricated using shell material (Type 316 stainless 
steel) and are connected to the outer bottom cover plate using full penetration welds. These 
components are evaluated using the Subsection NB requirements of the Code for pressure boundary 
parts. The criteria and allowable stress values are summarized in Table 5-1 through Table 5-5.
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5.1.7 Grapple Welds

Welds of the grapple assembly are full penetration welds. The welds are evaluated using the same 
criteria as the grapple and shell base metal.

9
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Table 5-1 - Summary of Design Criteria for FO-DSC Pressure Boundary Components 

Service Level Criteria Reference [2] 
P,: <1OS, NB-3221.1 
DPL 1.5Sm NB-3221.2 

Design3 Pm (or PL) + Pb < 1.5S, NB-3221.3 
(NB-322 1) Fp< l.5Sy NB-3227.I 

External Pressure: NB-3133 NB-3227.4 
Pm 5 1.0S.  
PL:5 1.5S, NB-3222 

Level A P. (or PL) + Pb: s 1.5S. NB-3227.1 
P. (or PL) + Pb + Q5 3.OS, (Note I & 2) NB-3227.4 

Fp< IM.S (bearing) 
External Pressure: NB-3133 

P.:5 1.0S, 
PL5 1.5S, NB-3223 

Level B P, + Pb S 1.5S. NB-3227.1 
P. + Pb + Q < 3.OS. (Note 1) NB-3227.4 

F__:_ IM.Sv (bearing) 
P3 5 max(1.2S%, S.) 

PL < max(l.8S., IM.S5) NB-3224 
Level C P, + Pb rn max(l.SS,, l.5Sy) NB-3227.1 

P. + Pb + Q evaluation not required NB-3227.4 
F: IMl.ss, (bearing) 

Carbon (Ferritic) Steel Components (e.g., shield plugs) 
P.5 0.7S, 

Level D PL: 1.0S, F-1331.1 
(Elastic Analysis) P.+ PbS I.0S, F-1341.6 P. + Pb + Q - evaluation not required 

F, (bearing) - evaluation not required.  
P.S< 0.7S.  

Level D PLS< 0.9S, F-1341.2 
(Elastic/Plastic Analysis) P. + Pb < 0.9S.  

Pm + Pt + Q evaluation not required 

Austenitic Steel Components (e.g., shell) 

PS:5 min(2.4S,, 0.7S,) 

Level D <L5 min(3.6S,, 1.0S.) 

(Elastic Analysis) Pm + Pb< min(3.6S., 1.0S,) F-1331.1 & F-1341.6 
P. + Pb + Q - evaluation not required 
F, (bearing) - evaluation not required.  

Pm<! max(0.7S,, Sy + 1/3(S,- Sy)) 

Level D < 0.9S.  

(Elastic/Plastic Analysis) Pb + Pb:P 0.9S,  F-1341.2 
Pl + Pb + Q - evaluation not required 
F, (bearing) - evaluation not required.  

Notes: 
1. The NB-3222.2 limit of 3S. on the range of primary + secondary stress intensity may be exceeded providing the 

criteria of NB-3228.5 are satisfied.  
2.. There are no specific limits on primary stresses for Level A events. However, the stresses due to primary loads 

during normal service must be computed and combined with the effects of other loadings in satisfying other 
limits. See NB-3222.1.

m I I
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Table 5-2 - Level A & B Allowable Stresses for SA-240 Type 316 Pressure Boundary 
Components

800I 15.9 17.6 15.9 23.85

Table 5-3 - Level C Allowable Stresses for SA-240 Type 316 Pressure Boundary Components 

Code Value Stress Category _ 
Temp. Pm PL PL + Pb PL + Pb + G Fp 

OF Sm Sy max(1.2SM, Sy) max(1 8Sin, max(1.8Sm, 1.55) Note 1 1.55, 1.5S,) max(1.8Sin, 1.5Sy)_Nots I _1.5S_ 
-20 20.0 30.0 30.00 45.00 45.00 -- 45.00 
100 20.0 30.0 30.00 45.00 45.00 -- 45.00 
200 20.0 25.8 25.80 38.70 38.70 -- 38.70 
300 20.0 23.3 24.00 36.00 36.00 -- 34.95 
400 19.3 21.4 23.16 34.74 34.74 - 32.10 
500 18.0 19.9 21.60 32.40 32.40 -- 29.85 
600 17.0 18.8 20.40 30.60 30.60 -- 28.20 
650 16.7 18.5 20.04 30.06 30.06 -- 27.75 
700 16.3 18.1 19.56 29.34 29.34 -- 27.15 
750 16.1 17.8 19.32 28.98 28.98 -- 26.70 
800 15.9 17.6 19.08 28.62 28.62 - 26.40

1. Evaluation not required.

Temp. Code Value Stress Category 

OF Pm PL PL + Pb PL + Pb + Q Fp 
Sm Sy 1.0Sm 1.5S. 1.5S.. 3.OSm 1.5Sy 

-20 20.0 30.0 20.0 30.00 30.00 60.00 45.00 
100 20.0 30.0 20.0 30.00 30.00 60.00 45.00 
200 20.0 25.8 20.0 30.00 30.00 60.00 38.70 
300 20.0 23.3 20.0 30.00 30.00 60.00 34.95 
400 19.3 21.4 19.3 28.95 28.95 57.90 32.10 
500 18.0 19.9 18.0 27.00 27.00 54.00 29.85 
600 17.0 18.8 17.0 25.50 25.50 51.00 28.20 
650 16.7 18.5 16.7 25.05 25.05 50.10 27.75 
700 16.3 18.1 16.3 24.45 24.45 48.90 27.15 
750 16.1 17.8 16.1 24.15 24.15 48.30 26.70

I •|l • ......MMI • lkl - I life 1. •.:l" "L I•ql

23.85 47.70 •6 413

4
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Table 5-4 - Level D Elastic Allowable Stresses for SA-240 Type 316 Pressure Boundary 
Components 

Stress Category _____ ____ 

Temp. Code Value 
Sm Category 

OFP, PL PL + Pb PL + Pb + 0 Fp 

Sm Su min(2.4Sm, 0.7S,) min(3.6Sm, S,) min(3.6Sm, S,) Note 1 Note 1 

-20 20.0 75.0 48.00 72.00 72.00 ....  

100 20.0 75.0 48.00 72.00 72.00 ....  

200 20.0 73.4 48.00 72.00 72.00 ....  

300 20.0 71.8 48.00 71.80 71.80 ..  

400 19.3 71.8 46.32 69.48 69.48 ..  

500 18.0 71.8 43.20 64.80 64.80 ..  

600 17.0 71.8 40.80 61.20 61.20 - -

650 16.7 71.8 40.08 60.12 60.12 

700 16.3 71.8 39.12 58.68 58.68 ....  

750 16.1 71.4 38.64 57.96 57.96 -- 

800 15.9 70.9 38.16 57.24 57.24 --

Notes: 
1. Evaluation not required.

Table 5-5 - Level D Elastic/Plastic Allowable Stresses for SA-240 Type 316 Pressure 
Boundary Components 

Stress Category_____ 

Temp. Code Value Pm CatePory 
OFP. PL PL + Pb PL + Pb + Q Fp 

S. Su Note I 0.9S. 0.9S, Note 2 Note 2 

-20 30.0 75.0 52.50 67.5 67.5 -

100 30.0 75.0 52.50 67.5 67.5 - -

200 25.8 73.4 51.38 66.06 66.06 -- 

300 23.3 71.8 50.26 64.62 64.62 - -

400 21.4 71.8 50.26 64.62 64.62 -

500 19.9 71.8 50.26 64.62 64.62 -

600 18.8 71.8 50.26 64.62 64.62 - -

650 18.5 71.8 50.26 64.62 64.62 -

700 18.1 71.8 50.26 64.62 64.62 - -

750 17.8 71.4 49.98 64.26 64.26 - -

800 17.6 70.9 49.63 63.81 63.81 -

Notes: 
1. Greater of 0.7Su or Sy+1/3(Su-Sy) 
2. Evaluation not required.

PRA.iFtF NO� 1
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Table 5-6 - Level A & B Allowable Stresses for SA-36 Treated As Pressure Boundary Material 

Temp. Code Value Stress Category 

OF Pm PL PL + Pb PL + Pb+Q +0_F 
Sm Sy 1.0Sm 1.5S.. 1.5Si, 3.OSm 1.5SY 

-20 19.3 36.0 19.3 29.0 29.0 58.0 54.0 
100 19.3 36.0 19.3 29.0 29.0 58.0 54.0 
200 19.3 32.8 19.3 29.0 29.0 58.0 49.2 
300 19.3 31.9 19.3 29.0 29.0 58.0 47.9 
400 19.3 30.8 19.3 29.0 29.0 58.0 46.2 
500 19.3 29.1 19.3 29.0 29.0 58.0 43.7 
600 17.7 26.6 17.7 26.6 26.6 53.2 39.9 
650 17.4 26.1 17.4 26.1 26.1 52.2 39.2 
700 17.3 25.9 17.3 25.9 25.9 51.8 38.9

Table 5-7 - Level C Allowable Stresses for SA-36 Treated As Pressure Boundary Material

Temp. Code Value Stress Category 

OF Pm PL PL + Pb PL + Pb+Q + 0" Sm Sý max(1.2Sm, Sy) max(1.8Sm, 1.5Sy) max(1.8Sm, 1.5Sy) Note 1 1.5 
-20 19.3 36.0 36.0 54.0 54.0 -- 540 
100 19.3 36.0 36.0 54.0 54.0 -- 54.0 

200 19.3 32.8 32.8 49.2 49.2 -- 49.2 
300 19.3 31.9 31.9 47.9 47.9 -- 47.9 

400 19.3 30.8 30.8 46.2 46.2 -- 46.2 
500 19.3 29.1 29.1 43.7 43.7 -- 43.7 

600 17.7 26.6 26.6 39.9 39.9 -- 39.9 
650 17.4 26.1 26.1 39.2 39.2 -- 39.2 
700 17.3 25.9 25.9 38.9 38.9 -- 38.9 

Notes: 
1. Evaluation not required.

9I
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Table 5-8 - Level D Elastic Allowable Stresses for SA-36 Treated As Pressure Boundary 
Material 

Stress Category 

Temp. CodeValue Pm PL PL + Pb PL + Pb + 0  Fp 

Sm S, min(2.4Sm, 0.7S,) min(3.6Sm, Su) min(3.6Sm, Su) Note I Note 1 

-20 19.3 58.0 40.6 58.0 58.0 ....  

100 19.3 58.0 40.6 58.0 58.0 ....  

200 19.3 58.0 40.6 58.0 58.0 ....  

300 19.3 58.0 40.6 58.0 58.0 ....  

400 19.3 58.0 40.6 58.0 58.0 ....  

500 19.3 58.0 40.6 58.0 58.0 ....  

600 17.7 58.0 40.6 58.0 58.0 ....  

650 17.4 58.0 40.6 58.0 58.0 ....  

700 17.3 58.0 40.6 58.0 58.0 ....  

Notes: 
Evaluation not required.

Table 5-9 
i mi rn Flatic/Plastic Allowable Stresses for SA-36 Treated As Pressure Boundary Material

Stress Category 

Temp. Code Value Pm PL PL + Pb PL + Pb + G Fp 

OF SY Su 0.7S, 0.9Su 0.9Su Note I Note 1 

-20 36.0 58.0 40.6 52.2 52.2 n/a n/a 

100 36.0 58.0 40.6 52.2 52.2 n/a n/a 

200 32.8 58.0 40.6 52.2 52.2 n/a n/a 

300 31.9 58.0 40.6 52.2 52.2 n/a n/a 

400 30.8 58.0 40.6 52.2 52.2 n/a n/a 

500 29.1 58.0 40.6 52.2 52.2 n/a n/a 

600 26.6 58.0 40.6 52.2 52.2 n/a n/a 

650 26.1 58.0 40.6 52.2 52.2 n/a n/a 

700 25.9 58.0 40.6 52.2 52.2 n/a n/a

Notes: 
1. Evaluation not required.

im
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Table 5-10 - Stability Criteria for the FO-DSC Shell 

Allowable External Pressure, P, (psi) Allowable Compressive Stress (ksi) 
Temperature Level A/B Test Level C Level D Level A Level D 

[NB-3133.3] [NB-3226(c)] [NB-3224.2] [F-1331.5] [NB-3133.6] [F-1331.5] 
100°F 46 63 56 70 11.7 17.6 
4000F 43 58 52 65 10.4 15.6 
700°F 39 53 47 59 9.3 14.0 

Notes: 
1. Under combined axial compression and external pressure, a linear interaction should be applied as follows: 

applied axial stress applied external pressure 
+ < 1.0 

allowable axial stress allowable external pressure 

Table 5-11 Allowable Stresses In Partial Penetration Outer Bottom Cover Plate Weld 

Code Value for Type 316 Primary Allowable Stress (ksl) + 
Temp. Base Metal (kel) Level A Level B Level C Level D Level D Secondary 

OFS__ S. Su (.6)S. (.6)S, Note 2 Elastic M E/P (4) .6(3.0S,) 
-20 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 
100 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 
200 20.0 25.8 73.4 12.0 12.0 15.5 28.8 30.8 36.0 
300 20.0 23.3 71.8 12.0 12.0 14.4 28.8 30.2 36.0 
400 19.3 21.4 71.8 11.6 11.6 13.9 27.8 30.2 34.7 
500 18.0 19.9 71.8 10.8 10.8 13.0 25.9 30.2 32.4 
600 17.0 18.8 71.8 10.2 10.2 12.2 24.5 30.2 30.6 
650 16.7 18.5 71.8 10.0 10.0 12.0 24.0 30.2 30.1 
700 16.3 18.1 71.8 9.8 9.8 11.7 23.5 30.2 29.3

NoteS 
1.

2.  
3.  
4.

s: 

Per Code Case N-595-1, a stress reduction factor of 0.8 is applied to all of the service level primary allowable stresses 
for the partial penetration outer bottom cover plate weld. However, a conservative stress reduction factor of 0.6 is used 
in this analysis.  
Level C allowable is 0.6 times the greater of 1.2Sm or Sy.  
Allowable for Level D elastic analysis is 0.6 times the lesser of 2.4Sm or 0.7S,.  
Allowable for Level D elastic/plastic analysis is 0.6 times the greater of 0.7S, or SY+1/3(S,-SY).
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Table 5-12 Allowable Stresses in Partial Penetration Top Inner Cover Plate WeldsW) 

Code Value for Type 316 Primary Allowable Stress (kal) Primary + 

Temp. Base Metal (ksi) Level A Level B Level C Level D Level D Secondary 

OF Sm Sy Su (.6)Si (.6)S, Note 2 Elastic • EIP (4) .6(3.OSm) 

-20 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 

100 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 

200 20.0 25.8 73.4 12.0 12.0 15.5 28.8 30.8 36.0 

300 20.0 23.3 71.8 12.0 12.0 14.4 28.8 30.2 36.0 

400 19.3 21.4 71.8 11.6 11.6 13.9 27.8 30.2 34.7 

500 18.0 19.9 71.8 10.8 10.8 13.0 25.9 30.2 32.4 

600 17.0 18.8 71.8 10.2 10.2 12.2 24.5 30.2 30.6 

650 16.7 18.5 71.8 10.0 10.0 12.0 24.0 30.2 30.1 

700 16.3 18.1 71.8 9.8 9.8 11.7 23.5 30.2 29.3

Notes: 
1. Per Code Case N-595- 1, a stress reduction factor of 0.8 is applied to all of the service level primary allowable stresses for 

the partial penetration inner top cover plate weld. However, a conservative stress reduction factor of 0.6 is used in this 
analysis.  

2. Level C allowable is 0.6 times the greater of 1.2Sm or Sy.  
3. Allowable for Level D elastic analysis is 0.6 times the lesser of 2.4Sm or 0.7Sý.  
4. Allowable for Level D elastic/plastic analysis is 0.6 times the greater of 0.7S, or Sy+ l/3(S,-Sy).  

Table 5-13 Allowable Stresses In Partial Penetration Top Outer Cover Plate Welds(l1

Code Value for Type 316 Primary Allowable Stress (ksl) Primary + 

Temp. Base Metal (ksi) Level A Level B Level C Level D Level D Secondary 

OF Sm S, S. (.6)S., (.6)S. Note 2 Elastic (3) E/P (4) .6(3.OS,) 

-20 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 

100 20.0 30.0 75.0 12.0 12.0 18.0 28.8 31.5 36.0 

200 20.0 25.8 73.4 12.0 12.0 15.5 28.8 30.8 36.0 

300 20.0 23.3 71.8 12.0 12.0 14.4 28.8 30.2 36.0 

400 19.3 21.4 71.8 11.6 11.6 13.9 27.8 30.2 34.7 

500 18.0 19.9 71.8 10.8 10.8 13.0 25.9 30.2 32.4 

600 17.0 18.8 71.8 10.2 10.2 12.2 24.5 30.2 30.6 

650 16.7 18.5 71.8 10.0 10.0 12.0 24.0 30.2 30.1 

700 16.3 18.1 71.8 9.8 9.8 11.7 23.5 30.2 29.3

Not 
1.

2.  
-3.  
4.

es: 
Per Code Case N-595- 1, a stress reduction factor of 0.8 is applied to all of the service level primary allowable stresses for 

the partial penetration outer top cover plate weld. However, a conservative stress reduction factor of 0.6 is used in this 
analysis.  
Level C allowable is 0.6 times the greater of 1.2S. or Sy.  
Allowable for Level D elastic analysis is 0.6 times the lesser of 2.4Sm or 0.7S,.  
Allowable for Level D elastic/plastic analysis is 0.6 times the greater of 0.7S, or Sy+1/3(S,-Sy).
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Table 5-14 Subsection NF Criteria for Partial Penetration & Fillet Welds [4] 

Service Level Allowable Stress 0A) Basis 

Level A F,-0.30Su (weld meta) Table NF-3324.5(a)- 1 
FW-0.4OSy (base metal) 

Level B F,-0.40S, (weld metal) Table NF-3324.5(a)-1 and 
F--0.53Sy (base metal) Table NF-3522(b)-1 (K = 1.33) 

Level C F--0.45Su (weld metal) Table NF-3324.5(a)-1 and 
FW---0.6OSy (base metal) Table NF-3522(b)- I (K = 1.5) 

Level D F1=0.6OSU (weld metal) F-1334 and Table 1 of Ref. 2 _ _ _ F,-0.80Sy (base metal) I

r"

Notes: 
I. Weld metal stress is stress at the minimum section through the weld 
2. Base metal stress is stress at the weld leg 
3. Calculated stresses, f,, are the maximum stresses at the weld throat/leg, determined as the resultant force over the weld 

area 
4. Both sets of criteria (weld metal and base metal) must be satisfied. For bimetallic joints, the base metal criteria must be 

satisfied for both base materials.

Table 5-15 - Allowable Base Metal Stresses for Partial Penetration & 
Type 316 Base Metal [4]

Fillet Welds

Temp. Sy (ksi) Level A Level B Level C Level D 
(OF) Type 316 Fw =.40Sy Fw = .53Sv Fw = .60Sy Fw =.80Sy 

-20 30.0 12.00 15.90 18.00 24.00 
100 30.0 12.00 15.90 18.00 24.00 
200 25.8 10.32 13.67 15.48 20.64 
300 23.3 9.32 12.35 13.98 18.64 
400 21.4 8.56 11.34 12.84 17.12 
500 19.9 7.96 10.55 11.94 15.92 
600 18.8 7.52 9.96 11.28 15.04 
650 18.5 7.40 9.81 11.10 14.80 
700 18.1 7.24 9.59 10.86 14.48 

Notes: 
I Level A, B, and C weld allowables based on Tables NF-3224.5 and NF-3522(b)-I (K = 1.33 & 1.50 for Level B & C, 

respectively).  
2. Level D allowables based on an increase factor of 2.0 determined from F- 1334 for Type 316 base material.

9
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Table 5-16 - Allowable Weld Metal Stresses for Partial Penetration & Fillet Welds 

Temp. S. Level A Level B Level C Level D 

(OF) (ksi) Fw = .30S, Fw = .40S. Fw = .45S. Fw = .60Su 

-20 75.0 22.50 30.00 33.75 45.00 

100 75.0 22.50 30.00 33.75 45.00 

200 73.4 22.02 29.36 33.03 44.04 

300 71.8 21.54 28.72 32.31 43.08 

400 71.8 21.54 28.72 32.31 43.08 

500 71.8 21.54 28.72 32.31 43.08 

600 71.8 21.54 28.72 32.31 43.08 

650 71.8 21.54 28.72 32.31 43.08 

700 71.8 21.27 28.36 31.91 42.54

Notes: 
1. Level A, B, and C weld allowables based on Tables NF-3224.5 and NF-3522(b)-1 (K = 1.33 & 1.50 for Level B & C, 

respectively) [4].  

2. Level D allowables based on an increase factor of 2.0 determined from F- 1334 for Type 316 base material.  

5.2 Model Description 

The FO-DSC shell assembly is analyzed for the postulated load conditions using two basic models: a 

top end model and a bottom end model. For each of the models, a 90° (quarter symmetric) 

representation is used to analyze axisymmetric loads and a 180 0(half symmetric) representation is 

used to analyze non-axisymmetric loads. All models include half of the height of the cylindrical 

shell. Geometry plots of the analysis models are presented in Figure 5-1 through Figure 5-7.  

Boundary conditions specific to the loads analyzed are discussed in Section 9.1.  

Each of the shell assembly components is modeled using (ANSYS [5] SOLID45) 3-D solid elements.  

The elements have translational-only degrees of freedom at each of the eight nodes. Therefore, 

pinned connections can be represented by merging nodes of connected elements at the pin location.  

The top end of the FO-DSC is assembled such that no gaps initially exist between the outer cover 

plate, inner cover plate, shield plug, and support ring. Similarly, the bottom end of the FO-DSC is 

assembled such that no gaps initially exist between the outer cover plate, shield plug, and inner cover 

plate. The interfaces between the mating surfaces are modeled using (ANSYS CONTAC49) 3-D 

point-to-surface contactelements that allow only the transfer of compressive (bearing) loads. The 

contact elements are defined to allow the surfaces to slide freely (no shear transfer) assuming that 

there is no friction. The two thermal models use the same geometry to model the top and bottom 

halves of the DSC, but use 3-D solid thermal elements (ANSYS® SOLID70 [5]).  

To avoid unnecessary refinement, the grapple assembly is modeled such that the mesh does not 

coincide with that of the outer bottom cover plate (see Figure 5-6). Constraint equations are 

generated to connect the grapple ring assembly to the outer bottom cover plate. This results in a slight 

increase in stiffness in the region of the interface. For analysis of grapple pull loading, which controls 

the design of the grapple assembly and outer bottom cover plate, the grapple assembly and cover plate 

meshes are refined such that nodes are coincident and constraint equations are not needed. The 

refined model is shown in Figure 5-7.
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The partial penetration welds of the outer cover plates to the shell are modeled using 3-D solid 
elements to capture the maximum bending stresses in the shell and cover plates in the region of the 
connection. The stresses resulting from this configuration are categorized as primary + secondary 
stresses. To determine the primary stresses, the weld elements are "killed" leaving a pinned 
connection at the root of each weld. See Section 9.1 for further discussion and verification that 
stresses at the center of the cover plate remain within acceptable limits for the pinned edge condition.  
Note that the minimum effective throat of 1/2" is modeled for the weld of the outer top cover plate 
rather than the nominal size of 5/8".  

The weld of the inner top cover plate to the shell is a partial penetration weld that is small relative to 
the plate thickness. Therefore, this connection is assumed to be pinned which is accomplished by 
merging the line of nodes at the top surface of the plate with the shell nodes. The inner bottom cover 
plate is connected to the shell with full penetration welds, reinforced with fillet welds. This 
connection will resist bending moments. Therefore, all nodes through the thickness of the plate along 
the perimeter are merged with the shell nodes. The support ring is connected to the shell using a 
continuous partial penetration weld along the top edge, with a reinforcing fillet weld, and an 
intermittent fillet weld along the bottom edge. The continuous weld is represented in the model by 
merging all nodes along the top edge of the support ring with the shell nodes while the intermittent 
weld is modeled by merging only selected nodes along the bottom edge. The grapple ring is 
assembled and connected to the outer bottom cover plate using full penetration welds. Therefore, the 
components are modeled to be continuous through the connections.  

When in the horizontal position, the fuel-loaded spacer discs bear on the inner surface of the FO-DSC 
shell. Shell stresses in the region of the spacer discs result from the bearing load and from local 
deformations at the cask rails. These stresses are determined in a separate calculation package that 
utilizes a detailed model of the spacer disc, FO-DSC shell, and the transfer cask (rail and inner liner) 
[8].  
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Figure 5-1 - FO-DSC Shell Assembly Top End 90* Analysis Model
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Figure 5-2 - FO-DSC Shell Assembly Top End 900 Analysis Model (End Plates)
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Figure 5-3 - FO-DSC Shell Assembly Top End 900 Analysis Model (End Plates and Support 
Ring)
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Figure 5-4 - FO-DSC Shell Assembly Bottom End909 Analysis Model
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Figure 5-5,- FO-DSC ShelAssembly Bottom End 900 Analysis Model (End Plates)
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Figure 5-6 - FO-DSC Shell Assembly Bottom End 900 Analysis Model 
(End Plates and Grapple Assembly)
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Figure 5-7 - FO-DSC Shell Assembly Bottom End 1800 Analysis Model - Refined (End 
Plates and Grapple Assembly)
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7. NOMENCLATURE 

AHSM - Advanced Horizontal Storage Module 

DCD - Design Criteria Document 

DSC - Dry Shielded Canister 

FEA - Finite Element Analysis 

GTCC - Greater Than Class C 

PWR - Pressurized Water Reactor 

SI - Stress intensity
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8. COMPUTATIONS 

The following sub-sections provide the analyses performed without the use of the FEA models. The 
FO-DSC seismic analysis and the draining and drying operations are analyzed using 'classical' hand 
calculations. The majority of the calculations are performed with assistance from Roark, Reference 6.  

8.1 FO-DSC Seismic Analysis 

8.1.1 Shell 

8.1.1.1 Geometric Parameters of the Shell 

OD = 67.19 in 

Max Thk = 0.625 in 

Min Thk =0.530 in 

Length = 186.2 

67.19-0.625 R = = 33.28 in 
2 

t = 0.530 in 

Ism, = 7r.R 3 " t = 7-33.283 -0.530 = 61.4 x 103 in4 (Minimized) 

= (67.l9)2 (6719 -0.530) 2) =111.0 in 2 (Minimized) 

8.1.1.2 Loads 

Seismic equivalent static acceleration = ±6g 

Weights are conservatively based on values found in Calculation Package SCE-01-0200 [11].  

Bounding Weight =82,000 lb.  

Shell Weight =26,000 lb. (includes shield plugs, top and bottom plates) 

8.1.1.3 Horizontal/Lateral Loads on the FO-DSC Shell: 

82,000 lb. 6g +2,642 2 
186.2 in 

Assuming Simply Supported Boundary Conditions (Roark, Table 3, Case 2e): 

Maximum Moment, M.,, = =w'12- 2,642.186.22 =+11.4x106 in-lb 
8 8

510 744 6002 TO 9130141522B9 P. 04/13
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Bending Stress, ab =. M. -c = ) ±6.2 ksi 
ni r =61.4 x 10' 

Conservatisms: Considers longest possible length, minimized Lshe, and weight which is slightly 
above the maximum.  

8.1.1.4 Axial Loads on the FO-DSC shell 

Maximum axial load, P = 26,000 lb (- 6g)= -156,000 lb 

P -156,000 
Axial Stress, a. = = =-1.4 ksi A•, 111.0 

Conservatisms: Considers the entire weight of the shell, the axial load is rounded up, and the 
minimized A~hai.  

8.1.1.5 Combined Stresses: 

During the seismic event, an equivalent static acceleration is assumed to act on the FO-DSC in all 
three Cartesian axis directions simultaneously. Using the stress calculated above, the combined load 
stress is conservatively calculated by the vector summation of two lateral load added directly to the 
absolute value of the axial load result: 

combined stress: = 2 + abs(a,) = 10.2 ksi 

Compared to service level D primary membrane stress allowable 

Pm = 43,200 psi @ 500'F (See Table 5-4) 
10.2 

Stress Ratio = ! = 0.24 
43.2 

Conservatisms: Directly adds the axial stress to the vector sum of the bending stress.  

8.1.2 End Plates 

8.1.2.1 Geometric Parameters of the end plates: 

ODE= = 67.19 - 2- 0.530 = 66.13 in (Maximized) 

ODi, = 6 7 .19 - 2 .0. 6 25 = 65.94in (Minimized) 

throat,,d = 3/16in (minimum throat of all end plate welds) 

plate thickness, 0.75 in (minimum nominal thickness of all the end (cover) plates)
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8.1.2.2 Loads: 

Seismic equivalent static acceleration = ±6g 
Total Weight = 82,000 lb.  

Basket Weight = 7,631+10,889 lb. = 18520 lb.  

Fuel Weight - 35,600 lb.  

Shell Weight = 26,000 lb. (includes shield plugs, top and bottom plates) 

Shield-plug Weight = 7,950 lb.  

8.1.2.3 Check the welds: 

Load on inner top plate (fuel & basket weight) @ 6g, 

P = 6. (35,600+18,520+ 7,950) = 372 kips (Reference 11) 

Area of weld, A," = 71 -OD1 , • throat,, = 38.84 in2 

P 
weld stress, a, = = 9.6 ksi 

Awe 

The service level D allowable for the top inner cover plate weld (see Table 5-12) is: 4 
Sa = 25.9 ksi 

9.6 
Stress Ratio-= = 0.37 

25.9 

Notes: Due to the top shield plug thickness, it is assumed that the loads of significance on the inner 
top cover and outer top cover plates are bounded by the above calculations. The calculations on the 
inner bottom cover plate (below) also show the structural capacity of the cover plates are acceptable.  

8.1.2.4 Check the plates 

The inner and outer plates are primarily loaded in shear at the weld to the FO-DSC shell. As shown 
above, a 3/16 in. effective throat weld easily withstands the seismic load. Therefore no further 
analyses of the cover plates are required for the seismic load cases.  

8.2 Fatigue Evaluation 
Fatigue effects on the DSC are addressed using the criteria contained in NB-3222.4 of the ASME 
Code [2]. Fatigue effects need not be specifically evaluated provided the criteria contained in NB
3222.4(d) are met. A summary of the six criteria and their application to the DSC are presented in the 
paragraphs which follow: 

A. The first criterion states that the DSC is adequate for fatigue effects provided that the total numbe 
of atmospheric-to-operating pressure cycles during normal operation (including startup and
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shutdown) does not exceed the number of cycles on the applicable fatigue curve corresponding to 
an Sa value of three times the Sm value of the material at operating temperatures. This condition is 
satisfied for the DSC since the pressure is not cycled during its design life. The pressure 
established at the time that the DSC is sealed following fuel loading and DSC closure operations 
is maintained during normal storage in the AHSM.  

B. The second criterion states that the DSC is adequate for fatigue effects provided that the specified 
full range of pressure fluctuations during normal operation does not exceed the quantity (1/3) x 
design pressure x (Sa/Sm), where Sa is the value obtained from the applicable fatigue curve for the 
total specified number of significant pressure fluctuations, and Sm is the allowable stress intensity 
for the material at operating temperatures. Significant pressure fluctuations are those for which 
the total excursion exceeds (1/3) x design pressure x (S/Sm), where S equals the value of S. for 106 
cycles. For a DSC design pressure of 10.0 psig [Ref 1], an Sm value of 18,000 psi, and an S value 
of 28,200 psi, the total range for a significant pressure fluctuation is 5.2 psig. This small pressure 
fluctuation may occur during normal storage as a result of seasonal ambient temperature changes.  
Ambient temperature cycles significant enough to cause a measurable pressure fluctuation are 
assumed to occur five times per year for 50 years. The number of fluctuations with this pressure 
range is expected to be 250 for the DSC. The value of Sa associated with this number of cycles is 
186 ksi. Hence the value of (1/3) x design pressure x (Sd/Sm) is equal to 55.0 psig. Clearly this r l value will not be exceeded during the pressure fluctuation of the DSC. Therefore the second 
criterion is satisfied for the DSC.  

C. The third criterion states that the DSC is adequate for fatigue effects provided that the temperature 
differences between any two adjacent points on the DSC during normal operation do not exceed 
S/2Ea, where Sa is the value obtained from the applicable fatigue curve for the specified number 
of startup-shutdown cycles, a is the instantaneous coefficient of thermal expansion at the mean 
value of temperatures at the two points, and E is the modulus of elasticity at the mean value of the 
temperatures at the two points. For an operation cycle of the DSC, thermal gradients occur during 
fuel loading, DSC closure, transport to the AHSM, and transfer of the DSC to the AHSM. This 
half cycle is approximately reversed for DSC unloading operations. However, this normal 
operational cycle occurs only once in the 50 year design service life of a DSC. Since there is only 
one startup-shutdown cycle associated with the DSC, the value of S. is very large (>800 ksi).  
Hence the value of Sa/2Ea is very large (>1500 °F). This is far greater than the temperature 
difference between any two adjacent points on the canister. Thus, the third criterion is satisfied 
for the DSC.  

D. The fourth criterion states that the DSC is adequate for fatigue effects provided that the 
temperature difference between any two adjacent points on the DSC does not change during 
normal operation by more than the quantity S/2Eat, where Sa is the value obtained from the 
applicable fatigue curve for the total specified number of significant temperature-difference 
fluctuations. Small fluctuations in the DSC thermal gradients during normal storage in the AHSM 
occur as a result of seasonal ambient temperature changes. Ambient temperature cycles 
significant enough to cause a measurable thermal gradient fluctuation are assumed to occur five 
times per year for 50 years (250 cycles). The DSC stresses resulting for thermal gradient 
fluctuations are small since the structural capacity of the DSC is designed for extreme accident
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loads such as cask drop loads which are postulated to be a one time occurrence. A temperature 
difference fluctuation is considered to be significant if its total algebraic range exceeds the 
quantity S/2Ea, where S is the value of Sa obtained from the applicable fatigue curve for a 
conservative 500 cycles. Taking the value of S= 345 x 103 psi, E = 25.8 x 106 psi and 
a = 10.25 x 10-6 in./in./JF, the value of S/2Ea = 653 'F. The most significant fluctuation is 
normal operating temperature occurs during a change in ambient temperature from 00 F to 1040F.  
This fluctuation is conservatively bounded by the fluctuation between -40'F and 104'F which 
results in an change of temperature difference of 128°F [9]. The effects of this temperature 
difference is not significant, therefore the fourth condition is satisfied for the DSC.  

E. The fifth criterion states that for components fabricated from materials of differing moduli of 
elasticity or coefficients of thermal expansion, the total algebraic range of temperature fluctuation 
experienced by the component during normal operation must not exceed the magnitude Sd2(EI aI 
- E2a2), where Sa is the value obtained from the applicable fatigue curve for the total specified 
number of significant temperature fluctuations, E, and E2 are the moduli of elasticity, and a, and 
a 2 are the values of instantaneous coefficients of thermal expansion at the mean temperature value 
involved for the two materials of construction. A temperature fluctuation is considered to be 
significant if its total excursion exceeds the quantity S/2(Ela, -E2a 2), where S is the value of S.  
obtained from the applicable fatigue curve for 106 cycles. If the two materials used have different 
applicable design fatigue curves, the lower value of S. shall be used. Since the structural material 
used to construct the DSC is homogeneous (all materials are stainless steel), the fifth condition 
does not apply.  

F. The sixth criterion states that the DSC is adequate for fatigue effects provided that the specified 
full range of mechanical loads do not result in a stress range which exceeds the S. value obtained 
from the applicable fatigue curve for the total specified number of significant load fluctuations. If 
the total specified number of significant load fluctuations exceeds 106, the Sa value at N = 106 may 
be used. A load fluctuation is considered to be significant if the total excursion of stresses exceed 
the value of S. obtained from the applicable fatigue curve for 106 cycles. The only mechanical 
loads which affect the DSC are those associated with handling loads and a seismic event. One 
handling load cycle and a major seismic event are postulated during the design life of the DSC.  
The DSC stresses resulting from these mechanical load fluctuations are small since the structural 
capacity of the DSC is designed for extreme accident loads such as a postulated cask drop. The 
maximum stress intensity in the DSC due to its dead weight at lg is 3,102 psi located in the 
bottom half of the shell (see Table 9-11). Scaling this stress intensity to 0.33g (the seismic load 
specified in Reference 1), the maximum stress is equal to 1,023 psi (1.02 ksi). The number of 
significant cycles associated with mechanical load fluctuations is conservatively assumed to be 
10. The value of Sa association with this number of cycles is 28.2 ksi. Since the stress ratio is 
very small (0.04), this sixth condition is satisfied for the DSC.  

The evaluation presented in the preceding paragraphs demonstrates that the six criteria contained in 
NB-3222.4(d) are satisfied for all components of the DSC.
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8.3 Draining and Drying 
The draining and drying load cases are evaluated below. The load cases included in the draining and 
drying operations are summarized in Table 8-1. The analyses are initially performed on a unit load 
basis, then multiplied by the appropriate factor and combined for each load case at the end of the 
section.  

Table 8-1 - Summary of the draining and drying load cases 

Load Case Internal Pressure Extemal Hydrostatic Pressure Thermal 
Stress 

Draining (Blowdown) 20 psig no no 

Vacuum Drying -14.7 psig 7.07 psig max no 

Helium Backfill 12 psig 7.07 psig max no 

Final Helium Backfill 5 psig 7.07 psig max no 

The DSC shell stresses are determined using Table 28, Case Ic and ld of Roark [6]. All of the DSC 
shell stresses determined in the following analyses are classified as primary membrane.

Table 8-2 - Geometry and Load Terms for DSC Shell analyses

Term Value Notes 

Input Variables 

R= 33.065 in Shell Radius 

t= 0.530 in Shell Thickness 

q= 1 psi Unit Pressure 

Unit Value Stress for Table 28, Case lc (Uniform Internal or External Pressure) 

oY= 31 psi Meridional Stress 

72= 62 psi Circumferential Stress 

Unit Value Stress for Table 28, Case 1 d (Linearly Varying Pressure) 

oF= 0 psi Meridional Stress 

02- 62 psi Circumferential Stress

For each of the internal pressure stress calculations below, Table 31, Case 4 of Roark is used for the 

junction between the inner top plate and the shell. The following assumes that the end plate of the 

pressure boundary is the inner top cover plate. For the external pressure cases, the monolithic, solid 

steel shield plug constrains the inner top cover plate. The bottom cover plates are constrained by the 

bottom of the transfer cask externally, and by the payload internally. Therefore the bottom cover 

plates do not require specific consideration. Geometry and load terms for each of the pressure load 
cases are presented below.

I

I I
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During each of the draining and drying operations, the bottom shield plug for all internal pressures 
restrains the inner-Bottom Cover Plate, whereas external pressures are restrained by the weight of the 
payload. The inner top cover plate must be able to support the full bending moment due to internal 
pressures as though the plate were simply supported. The top shield plug restrains the inner top cover 
plate from external pressures. Pressure loading on the inner top cover plate is analyzed using Roark, 
Table 24, Case 10 for pinned conditions as performed in Table 8-3.  

The plate thickness assumed is the nominal 1.25 inches minus a conservative 0.06 inches for 1.19 in.

Table 8-3 - Geometry and Load Terms for Top Cover Plate Analysis

The stress in the 3/16 inch partial penetration weld inner top cover plate to shell weld (effective throat 
0.133 inches) is due entirely to shear along the length of the weld as follows. The pressure used is the 
blow down pressure of 20 psi.  

P qnR' qR (20)(33.065) 
'w,, -==- - 2 = 2,486 psi 

A 27rRtMM 2twm 2(0.133) 

This stress is compared to the allowable stress for partial penetration welds at 5000 F from 
Table 5-12.  

2,486 psi / 10,800 psi = 0.23 

During vacuum drying, secondary thermal stresses are created by constrained thermal expansion of 
the hotter inner top cover plate relative to the cooler DSC shell. The temperatures for the thermal 
expansion are taken from Figure 12 of the NUHOMS® Design Criteria Document (Reference 12) 
(See Attachment 1). The analyses that support Reference 12 consider fuel with a decay heat of 24 
kW, whereas the required heat load for SCE is 14 kW; therefore, the input for this calculation are 
conservative.

The temperatures of the inner top cover plate and the shell are calculated.

Term Value - Notes 
Input Variables 

a= 33.07 in Plate Radius 

t= 1.19 in Plate Thickness 

V- 0.29 Poisson Ratio 

q= 1 psi Unit Pressure 
Unit Value Stress for Table 24, Case 1 Oa (Pinned Edge Condition) 

McA 225 in-lb. Bending Moment (at Center of Plate) 

arc= 953 psi Unit pressure stress (at Center of Plate)

I
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Inner Top Cover Plate (1TCP) 

Trrcp = -0.068 Z R + 7.67 R - 2.166 Z + 863.5.  

where: Z = 175.8 inches (axial location of inner top cover plate) 
R = 0 inches and 33.07 inches (center and outside edge of cover plate respectively) 

TedV = (-0.068 )(175.8)(33.07) + (7.67)(33.07) - (2.166)(175.8) + 863.5. = 3410 F 

Tnta = (-0.068 )(175.8)(0) + (7.67)(0) - (2.166)(175.8) + 863.5. = 4830 F 

The average temperature of the inner top cover plate is 4120 F.  

Temperature of DSC Shell 

T5he, = -4.414 Z + 1117 

where Z = 175.8 inches 

T sheu= (-4.414)(175.8)+ 1117 = 341 0F, 

This yields a difference in temperature between the top plate and the shell of 71 *F.  

The constrained thermal expansion between the inner to cover plate and the DSC shell is now 
computed. The coefficients of thermal expansion (a) are taken from Table 4-3. The shell uses a at 
3000 and the cover plate uses a at 5000. The elastic modulus is taken at 2000 F for all components to 
provide the stiffest possible configuration.  

aType316@2000 ` 8.76 x 10. Fo 
aTypc3l6@5000 = 9.42 x 10.6 'F' 
EType316@200" = 27.6 X 106 psi 

Brrcp = RctAT = (33.07 inches)( 9.42 x 10-6 OFl)(4120 F - 700 F) = 0.107 inches 

8she, = RaAT = (33.07 inches)( 8.76 x 10-6 OFI)(341 F - 700 F) = 0.0785 inches 

The difference between the expansion of the inner top cover plate and the shell is as follows: 

A = 0.0285 inches.  

The equation for stress due to a forced displacement is computed below.  

AfPL. P A=OL = AE 
AE A E L
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The stress in the inner top cover plate is as follows where L is the radius of the inner top cover plate 
and A is computed above.  

_ AE _ (0.0285)(27.6x106 ) -23.8 ksi 

L 33.07 

The hoop stress in the shell is computed from Roark Table 29 as follows where the term y is A 
computed above.  

_ yE (0.0285)(27.6x 106) =23.8ksi 

L 33.07 

Therefore the maximum thermal stress during the vacuum drying case in the DSC shell and the inner 
top cover plate due to constrained thermal expansion is 23.8 ksi. This secondary stress is 
conservatively applied to all draining and drying load combinations.
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Table 8-4 - Summary of the stresses in the DSC shell (stresses in psi) , 

Internal Pressure External Hydrostatic Pressure Combined 
Load Case 

Draining (Blowdown) 620 1,240 0 0 620 1,240 1,240 

Vacuum Drying -456 -911 -219 -438 -675 -1,349 1,349 

Helium Backfill 372 744 -219 -438 153 306 306 

Final Helium BackihI 155 310 -219 -438 -64 -128 128 

Tiahln 8- - Summary of the Maximum stresses in the Inner Top Cover Plate (stresses In psi)
Inner Top 

Load Case Pm + Pb 

Draining (Blowdown) 19,060 

Vacuum Drying n/a__) 

Helium Backfill 11,436 

Final Helium Backfill 4,765 

Note 1: The inner top cover plate bears against the 
stiff top shield plug during external pressure loads.
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Table 8-6 - Summary of Draining and Drying Operations Allowable Stress Comparisons 

Load Case Stress Intensity (psi) Stress Allowable (psi)7( Stress Ratio T Category Aloal(p)() SrsRti 

DSC Shell 

Draining (Blowdown) 1,240 Pm 18,000 0.07 
Vacuum Drying 1,349 Pm 18,000 0.07 
Helium Backfill 306 Pm 18,000 0.02 
Final Helium Backfill 128 Pm 18,000 0.01 
Vacuum Drying 0  25,149 Pm+Pb+Q 54,000 0.47 
Helium Backfill 0  24,106 Pm+Pb+Q 54,000 0.45 
Final Helium Backfill0  23,928 Pm+Pb+Q 54,000 0.44 

Bending Stresses In the Inner Top Plate 
Draining (Blowdown) 19,060 Pm+Pb 27,000 0.71 
Vacuum Drying n/a13 ) Pm+Pb 27,000 -
Helium Backfill 11,436 Pm+Pb 27,000 0.42 
Final Helium Backfill 4,765 Pm+Pb 27,000 0.18 
Draining (Blowdown) 42,860 Pm+Pb+Q 54,000 0.79 

Helium Backfill 35,236 Pm+Pb+Q 54,000 0.65 
Final Helium Backfill 28,565 Pm+Pb+Q 54,000 0.53

Notes: 
I. Includes thermal stresses.  
2. A bounding temperature of 500* F is used for the maximum temperature during draining and drying. This 

conservatively bounds the temperatures reported in Table 9-1 of Reference 9.  
3. The inner top cover plate bears against the stiff top shield plug during external pressure loads, so there is no bending 

stress in the inner top cover plate.
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For the stability anialysis performed in Table 8-7, the compressive stress in the shell is equivalent to 
the weight of the top shield plug and inner top cover plate:

[7950 + 730 = 8680 lbs. -- Use 10,000 lbs.] (Reference 11)

This weight is distributed evenly through the thickness and around the circumference of the DSC 
shell.  

F )2 10,000 lbs. 2 

;'[(67.19 in.)2 -(67.19 in.- 2(0.530 in.))2 4 J/ p 

Table 8-7 - Summary of Draining and Drying Operations Allowable Pressure and 
Compressive Stress Comparisons 

Pressure (psi) Compressive Stress (ksi) Stress 
Applied Allowable Applied Allowable Ratio 

Draining (Blowdown) 20 43 0.09 10.4 0.47 
Vacuum Drying 14.7 + 7.1 43 0.09 10.4 0.52 
Helium Backfill 12 43 0.09 10.4 0.29 
Final Helium Backfill 5 43 0.09 10.4 0.12 

Notes: 
1. Under combined axial compression and external pressure, a linear interaction should be applied as follows:

applied axial stress applied external pressure 
+ : 1.0 

allowable axial stress allowable external pressure
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8.4 DSC Natural Frequency 

The natural frequency of the DSC is calculated for use in other calculation packages.  

The longitudinal natural frequency is based on the assumption that the DSC is a simply supported 
beam under a uniform load equal to the gross weight of the package (assumed to be equal to 82,000 
lbs). From Roark [6], the first natural frequency mode is equal to: 

f K, EIg 

where K,, is equal to 9.87 for mode 1 [6], E is the shell's modulus of elasticity at 5000 F (25.8 x 106 psi), I 
is the shell's moment of inertia (61.4 x 103 in4 from Section 8.1.1.1), g is acceleration due to gravity, w is 
the weight per unit length, and 1 is the length of the DSC. Thus, the first mode is equal to: 

f..• =--- 9.7364 = 53.4Hz 
-~d 2n~ 1(82,000/186.2)(186.2) 4 534H 

The axial natural frequency of the DSC shell assumes a simple spring-mass system with the canister 
suspended from its upper end, and is based on the axial stiffness of the DSC (A~juE/L) and the mass of 
bounding mass of the DSC and its contents (82,000 lbs.). Thus, 

1A EL = 1 (67.19- 66.13')(25.8x106)/186.2 
2nt w 2n'd 82,000 

8.5 Outer Top Cover Plate Stresses due to Internal Pressure 

It is assumed that the 20 psi internal pressure in load combinations HSM-5 and HSM-6 and the 60 psi 
internal pressure in load combination HSM- 11 act on either the inner or outer pressure boundary.  
However, the ANSYS model only applies the pressure load on the inner pressure boundary. Thus, the 
outer top cover plate must be evaluated when loaded by the full 20 and 60 psi pressures. The outer 
cover plate and weld stresses are determined by the same method as determining inner top cover plate 
stresses in Section 8.3.

L \

%0
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Table 8-8 - Geometry and Load Terms for Top Cover Plate Analysis

Term Value Notes 
Input Variables 

a= 33.07 in Plate Radius 

t= 1.31 in Plate Thickness 

v= 0.29 Poisson Ratio 

q-- 1 psi Unit Pressure 

Unit Value Stress for Table 24, Case lOa (Pinned Edge Condition) 

McA 225 in-lb. Bending Moment (at Center of Plate) 

ac= 787 psi Unit pressure stress (at Center of Plate)

The unit stress in the 1/2 inch partial penetration outer top cover plate to shell weld (effective throat 
0.354 inches) is due entirely to shear along the length of the weld as follows. The pressure used is the 
blow down pressure of 20 psi.  

P q R 2  qR (1)(33.07) 467psi 

A_ A 2 Rt.,, 2two 2(0.354) 

This stresses are compared to the allowable stresses for the plate and the partial penetration weld at 

6500 F from Table 5-12. Stresses and stress ratios are as follows:

Table 8-9 - Summary Outer Pressure Boundary Stress Intensities

Outer Top Cover Plate OTCP to Shell Weld 

Internal Pressure Allowable Allowable Stress 
(psi)Pm+ Pb Stress Stress SI Stress Ratio 

)(K) (Ksi) Rati(K aKii) (Ksi) Rtio 

20 15.7 25.0 0.63 0.93 10.0 0.09 

60 47.2 60.12 0.79 2.80 24.0 0.12

CALCULATION N :

1

00011T 00
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9. RESULTSlCONCLUSIONS AND RECOMMENDATIONS 

9.1 Stress Analysis 

Static analyses were performed using the models described in Section 5.2 for the loads discussed in 
Section 4.3. A summary of analysis runs is provided in Table 9-1 and Table 9-2 for the top end 
models and bottom end models, respectively. Included in the summary tables are descriptions of the 
applied loads and the boundary conditions for each run. As noted in assumption 5 (Section 3), the 
FO-DSC is conservatively analyzed for side drop on one rail. Contact elements defining the interface 
between mating surfaces of the end components are excluded where it is clear that surfaces will not 
bear against each other for the loading specified, thus removing unnecessary nonlinearity in the 
model. ANSYS input listings and run summaries are provided in Appendices Al through A33. This 
appendix describes the individual load steps referred to by the results summaries in Table 9-5 through 
Table 9-22.  

For vessels with flat heads, the Code (Table NB-3217-1 of Reference 2) allows stresses at the juncture 
of the flat head to shell to be classified as secondary if the moment connection is not required to 
maintain stresses at the center of the flat head within acceptable limits. As discussed in Section 5.2, 
partial penetration welds of the outer top and outer bottom cover plates are modeled with solid 
elements for consideration of primary + secondary stresses in the region of the connection. Each 
analysis run also includes load steps that consider the welds as pinned (through the use of the 
ANSYS [5] EKILL command) to obtain primary stress results and to verify that the outer cover plates 
will still remain within primary stress limits for pinned conditions.  

The grapple ring assembly (grapple ring and grapple ring support) behaves as a stiffener to the outer 
bottom cover plate for loads normal to the cover plate surface. The portion of the grapple ring 
assembly stresses caused by displacement in the center region of the cover plate is secondary, as it is 
not needed for stability of the cover plate. Several sub-models of the FO-DSC were utilized to 
identify primary stresses alone and in combination with secondary stresses under FO-DSC unloading 
operations (UL- 1 through UL-8): 

B24PGP I: A model of the grapple assembly only was analyzed for grapple pull using fixed base 
conditions to determine primary stresses in the grapple assembly.  

B24PGP2: To determine the primary stresses in the outer cover plate, the grapple assembly was 
excluded from the complete model and pull loads were applied at the base of the grapple ring support.  

B24PTHG: The complete model was analyzed for thermal load cases in combination with the 
grapple pull to determine the primary + secondary stresses in the FO-DSC components.  

B24PT-G: In order to ensure that the full range of primary plus secondary stress intensity is reported 
for the grapple pull plus thermal conditions, the possibility of sign reversal is addressed by applying a 
reverse grapple pull load to the complete model. By excluding gap elements between the inner and 
outer cover plates, this effectively reverses the sign of the grapple pull stress components such that 
when thermal stresses are superimposed the resulting effect provides the range (or difference)
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between the grapple pull and each of the applicable thermal conditions. The maximum primary plus 
secondary stress intensity range for the Grapple Pull and Thermal conditions is determined from the 
maximum of (Thermal + Grapple Pull) and (Thermal - Grapple Pull).  

In general, major loads are combined within the ANSYS analyses while stress intensities from minor 
loads (i.e., deadweight, low-g value, and pressure (bottom end only) are added (absolutely) by hand.  
This approach minimizes the conservatism of adding stress intensities, for which signs are lost, while 
also minimizing the number of analysis load steps. Combining load condition stress intensities at the 
resultant level gives higher load combination stress intensity values when compared to combining 
stresses (a,, ay, etc.) at the component level to determine load combination stress intensities. This 
method of combination is analogous to adding vector scalar values, which always gives larger values 
than the absolute scalar value of the vector sum. In a few instances, stress components were 
combined before determining the stress intensity. The load combinations which use this method are 
noted in the appropriate tables in Section 9.2.  

When the FO-DSC is in a vertical position, the bottom-end components are evenly supported by the 
bottom of the cask. The cover plates and shield plug bear against each other. The stresses resulting 
from the self-weight of the end components can be calculated as the product of the material density 

•[ and the supported thickness. Considering the total thickness of 8.75" of the cover plates and shield 
plug, the deadweight stresses will be negligible. The deadweight of the basket assembly and fuel is 
supported by the bottom end components when the FO-DSC is in the vertical position. The load is 
assumed to be distributed evenly on the inner bottom cover plate. From Reference 11, the weight of 

the PWR 17x17 fuel is 35,568 lbs and the weight of the basket assembly is 18,520 lbs. Considering a 
load area based on the inside radius of the shell, the deadweight stress 

Pm = (35,568 + 18,520 lb) / n(32.97)2 

- 16 psi.  

This stress is small and is neglected in the analysis.  

9.1.1 FO-DSC Components 

Component stress results were post-processed using the ANSYS LPATH and PRSECT commands 

which linearize the stress distribution through a requested section, resulting in a breakdown of the 

various stress components. Included in the ANSYS stress summaries are the membrane and 

membrane + bending stresses. Stress sections were taken through the shortest possible path through 

the thickness of each FO-DSC component based on the location of the nodes. For the 900 models, 

which consider axisymmetric loading and boundary conditions, stress sections were taken at every 

node location along the 00 symmetry plane, except for the shell. Shell stress sections were limited to 

the region of the end components (approximately to within 5 inches inside of the support ring and the 

p I inner bottom cover plate) and at the shell mid-height. For the 1800 models, stress sections were taken 

at essentially every node location, with limitations of the shell as noted above for the 900 models.
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Stress contour plots, included in Appendices B I through B33, indicate the critical locations of stress 
for each component, for each applicable load case. Stress values provided on the contour plots 
correspond to the total stress, which includes peak effects.  

Maximum membrane and membrane plus bending stress intensities were obtained by post-processing 
output files. Table 9-5 through Table 9-17 summarize the maximum stress intensities for each 
analysis run and for each applicable load step. Also included in the postprocessed results are nodal 
forces applicable to locations of welds, obtained using the ANSYS NFORC command. The 
maximum weld forces for each analysis run are summarized in Table 9-18 through Table 9-22.  

Bottom end drop loading was analyzed only for the top end model. In this orientation, the end plates 
are supported at the perimeter by the shell. For end plates on the drop end, uniform support is 
assumed to be provided by the end plate of the transfer cask. Therefore, bending stresses will be 
minimal. However, the weight of fuel and basket compresses the end plates. As calculated in the 
previous section, the compressive stress due to deadweight of the fuel and basket is 16 psi. Scaling 
the deadweight stress for a conservative drop acceleration of 60g, the compressive stress is 916 psi.  
Additionally, for a maximum total end plate / shield plug thickness of 10.25 in. (top end), stress due 
to the accelerated deadweight of the end plates is 

Pm = (0.285 lb/in3)(10.25 in.)60g 
= 175 psi 

Therefore, the total maximum compressive stress on the end plates is 916 + 175 = 1,091 psi. This 
compressive stress is entered as membrane stress in the stress summary tables for the outer top 
cover plate and inner top cover plate (Table 10-2 and *Stresses based on results listed in Table 8-9 for pressure 
applied to the outer pressure boundary.  

Table 10-3). Membrane stresses for the top shield plug are greater than 1,091 psi for the drop 
conditions analyzed, and therefore, control.  

For the analysis of end drops, stress sections considered include the mid-height of the shell which is 
the boundary of the top end and bottom end models. Additional membrane stress due to the 
accelerated weight of the "missing" half of the shell is calculated as follows: 

Pm = (0.285 lb/in3)(186.17 in./2)60g 

- 1,591 psi 

Membrane stresses at the shell mid-height were compared to those at the controlling location for both 
the top and bottom end models and were found to be lower by a margin greater than 1,591 psi.  
Therefore, the stress summary tables are unaffected.  

Note that during the end drop, the shield plug contact with the support ring occurs at support ring 
nodes midway through the thickness of the support ring. Thus, shell stresses due to the eccentric 
loading of the support ring are taken into consideration when evaluating the shell.  

For load combinations UL-3, UL-4, and UL-5 in the bottom shell and load combination UL-5 in the 
outer bottom cover plate, the net stress intensity is determined by combining the stress components
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corresponding to the maximum stress intensity for each ANSYS® run. This stress intensity is slightly 

conservative due to the fact that the maximum stress intensity in a particular ANSYSe run is not 

necessarily located at the same location for other runs contributing to the total stress intensity.  

9.1.2 Welds 

Nodal weld forces are included in the postprocessing output files. Table 9-18 through Table 9-22 

summarize the maximum resultant nodal force for each load step of each run. Weld stresses are 

calculated as 

fw Fresutant / (L-,ibutay)(Tweld) 

where 

Fnsujmt= maximum resultant nodal force 

Lsib.t*ry minimum tributary length associated with the node 
= 1.50 in. for horizontal deadweight and side drop models ( = rail width) 
= 1.99 in. for all other models based in the inner radius of the shell 

Twe1d = appropriate weld throat or base metal dimension

I
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Table 9-1 ANSYS Run Summary for Top End 
Analysis Run I.D.  

(1,Z3) Load Description Boundary Plot Files 
(POSTI Run I.D.) Conditions 

QT24PIP 10 psi, 20 psi & 60 psi internal pressure on inner pressure 
(PT24PIP) boundary a pt24pip.pic QT24PFL 
(PT24PFL) 22 psi external flood pressure, + 10 psi internal pressure a pt24pfl.pic 

QT24PED I g axial, 60g bottom-end drop acceleration, + 20 psi internal 
(PT24PED) pressure a pt24ped.pic 
QT24P1G Ig axial acceleration outward + 10 psi pressure on shield plug a pt24plg.pic 
(PT24PIG) (fuel/sleeves inertial load) a__24p__gpi T24PDW 

(PT24PDW) lg vertical acceleration on horizontal DSC a + c pt24pdw.pic T24PSD 

(TI'24PSD) 75g side drop acceleration a + c pt24psd.pic T24PSDP 
(PT24PSDP) 75g side drop acceleration + 20 psi internal pressure a + c pt24psdp.pic T24PTH 

i 

(PT24PTH) Thermal load cases 7, 8, 15, & 16 a pt24pth.pic PT24PFT-M9

(PT24PTH2) Thermal load cases 26 a pt24pth2.pic,
T24PTrHP (PT24PTHP) Thermal load case 7 + 10 psi internal pressure a pt24pthp.pic T24PT-P2 

(T24PTP2) Thermal load cases 8, 15, & 16 + 10 psi internal pressure a pt24ptp2.pic 

T24PTP3 (PT24PTP3) Thermal case 26 + 10 psi internal pressure a pt24ptp3.pic

Boundary Conditions (see Table 9-3 for sketches): 

a) Axial restraint of all nodes at mid-height of the DSC (end of model). An additional node is restrained in the u1
direction for stability of the 180* models.  

b) Radial restraint of one node at top-end of shell. Radial and axial restraint of one node at shell mid-height. (All 
restraints are at plane of symmetry) 

c) Radial restraint along two lines of nodes at outer radius: at plane of symmetry and at 1.5" (half-rail width).  

Notes: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames use .pic extensions.  
2. Analysis Run I.D.s beginning with Q indicate that a 90' (quarter) model is used. All other models are 180*.  

Postprocessing Run I.D.s begin with P.  
3. List of ANSYS® runs does not include thermal runs.

AM

I
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- Table 9-2 ANSYS Run Summary for Bottom End 

Analysis Run I.D. "A4 Load Description Boundary Plot Files 
(POSTI Run I.D.) LoadDescriptionConditions 

QB24PLT 14.7 psi external + 155 k axial load (shell & inner a pb24plt.pic 
(PB24PLT) bottom cover plate only) pb24pitpic 

QB24PIP 10 psi & 60 psi internal pressure on inner pressure pb24pip.pic 
(P B 24 P IP ) b o u nd ary 4  a__ _ _ _ _ _ _ _ _ _ 

QB24PFL 22 psi external flood pressure, + 10 psi internal pressure a pb24pfl.pic 
(PB24PFL) 

QB24PED Ig axial, 60g top-end drop acceleration, + 10 psi a pb24ped.pic 
(PB24PED) internal pressure 

QB24PIG Ig axial acceleration outward + 10 psi pressure on inner 
(PB24PIG) cover plate (fuel/sleeves inertial load) pb24plg.pic 

B24PDW ig vertical acceleration on horizontal DSC a + c pb24pdw.pic 
(PB24PDW) 

B24PSID2 75g side drop acceleration a + c pb24psd2.pic (PB24PSD2) 

B24PSID3 75g side drop acceleration + 20 psi internal pressure a + c pb24psd3.pic 

PB24PSD3 
B24PTH Thermal load cases 7, 8, 15, & 16 a pb24pth.pic (PB24PTH) 

B24PTH2 Thermal load case 26 a pb24pth2.pic 
(PB24PTH2) 

B24PGPI 60 kip, 80 kip Grapple pull (grapple assembly model d pb24pgp .pic 
(PB24PGPI) only; for primary stress determination) 

B24PGP2 60 kip, 80 kip Grapple pull, + 20 psi internal pressure on 
B24PGP2 outer pressure boundary (w/o grapple assembly; for b pb24pgp2.pic 

(PB24PGP2) primary stress determination) 

B24PGP3 60 kip Grapple pull (w/o grapple assembly; axisymm. a pb24pgp3.pic 
(PB24PGP3) boundaries for comparison to B24PGP2) 

B24PTHG 60 kip Grapple pull + Thermal load cases 15, 16, & 26 a pb24pthg.pic (PB24PTHG) 

B24PT-G -(60 kip Grapple pull) + Thermal load cases 15, 16, a pb24pt-g.pic 
(PB24PT-G) & 26 (to capture stress range) 

(continued on next page)

I

I
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Table 9-2 - ANSYS Run Summary for Bottom End (continued) 

Analysis Run I.D. (1.) Boundary Plot Files 
(POST1 Run I.D.) Load DescriptionConditions 

B24PRAM 60 kip, 80 kip Rain push a pb24pram.pic 
(PB24PRAM) 

B24PTHR 60 kip Ram push + Thermal load cases 7 & 8 a pb24pthr.pic 
(PB24PTHR) 

B24PTR2 60 kip Ram push + Thermal load cases 7 & 8 b pb24ptr2.pic 
(PB24PTR2) 

B24PTR3 80 kip Ram push + Thermal load cases 7 & 8 b pb24ptr3.pic 
(PB24PTR3) 

QB24PED Ig axial, 60g top-end drop acceleration, + 20 psi internal a pb24ped.pic 
(PB24PED) pressure4

Boundary Conditions (see Table 9-4 for sketches): 
a) Axial restraint at all nodes at mid-height of the DSC (end of model). An additional node is restrained in the ux

direction for stability of the 1800 models.  
b) Radial restraint of one node at bottom-end of shell. Radial and axial restraint of one node at shell mid-height. (All 

restraints are at plane of symmetry).  
c) Radial restraint along two lines of nodes at outer radius: at plane of symmetry and at 1.5" (half-rail width).  
d) Grapple assembly base fixed.  

Notes: 
1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames use .pic extensions.  
2. Analysis Run I.D.s beginning with Q indicate that a 900 (auarter) model is used. All other models are 1800.

3.  
4.

Postprocessing Run I.D.s begin with P.  
List of ANSYS® runs does not include thermal runs.  
Results for 20 psi load combinations are linearly scaled from the 10 psi load case.

I
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Table 9-3 - Top End Boundary Conditions 

ANSYS Run I.D. i Loading Description* Boundary Conditions 

QT24PIP, QT24PFL, QT-24PED, QT24PIG, a 
T24PTH, T24PTH2, T24PTHP, T24PTP2, 
T24PTP3 

Pressure, Thermal, +/- 1 g axial,, 1 g fuel/sleeves 

Fuel and basket load (r.) QT24P1G only 

T24PDW, T24PSD, T24PSDP a+c 

Ig vertical/lateral, 75g Side Drop including 
Pressure 

* Pressure, Thermal & g-loads not shown on the sketch. Other g-loads (e.g., 0.5g) are scaled from the 1-g loading.

I
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Table 9-4 - Bottom End Boundary Conditions
ANSYS Run I.D. / Loading Description* Boundary Conditions 

QB24PIP, QB24PFL, QB24PIG, B24PTH, a 
B24PTH2, B24PGP3, B24PTHG, B24PT-G, .
B24PTHR, B24PRAM, B24PTR2, B24PTR3, 
QB24PED 

Pressure, Thermal, +/- 1 g axial, End Drop, 60 kip 
Grapple Pull+Thermal, 60 kip / 80 kip Ram n
Push+T'hermal, K 1* fuel/sleeves as applicable, pressure due to weight of 

basket and fuel (K) QB24PIG only 

QB24PLT a 
Leak Test including Pressure + 155 kip Preload 

B24PGPl***, B24PGP2, b, d 
60 kip /80 kip Grapple Pull (60 psi on outer press.  
Boundary, 60 kip +Thermal) 

* Grapple assembly only, fixed at base 

B24PDW, B24PSID2, B24PSID3 a+c
Ig vertical / lateral, 75g Side Drop including 
Pressure

* Pressure, Thermal & g-loads are not shown on the sketch. Other g-loads (e.g., 0.5g) are scaled from the l-g 
loading.
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Table 9-5 Load Condition Stress' Results for Cylindrical Shell (Top Half) 

Run 1.D Stress Load Step 
1 2 3 4 5 6 7 

P. - 5,138 1,699 -Pr24PIP.out 
Pm+Pb _ 8,210 4,430 - -

PT24PFL.out Pm - 1,526 1,577 869 871 

P.+Pb - 2,807 2,865 1,556 1,594 

PP74PED.out P. - 149 8,983 9,049 9,159 9,164 

PI+Pb - 355 21,350 21,620 19,140 19,150 

PT24P1G.out P. - 677 650 
Pm+Pb - 1,156 1,049 

PT24PDW.out Pm - 2,447 2,581 
P,+Pb - 2,744 3,007 

Pm - 33,780 29,220 -
PT24PSD.out 

P +Pb 41,610 38,210 -

PT24PSDP.out Pm - 33,240 29,050 

Pm+Pb - - - 41,380 37,660 

PT24PTH.out Pm 14,490 10,480 6,922 7,422 -

P.+Pb 15,020 11,020 10,250 11,810 

Pm 7,618 - -PT'24PTH2.out 
Pm+Pb 12,100 -

P24PTHP.out P. - 14,330 
Pm+Pb - 14,800 -

PT24PTP2.out P. - 10,330 9,184 9,693 " " 

P.+Pb - 12,900 15,160 16,250 -

P. 9,893 -
PT24PTP3.out P* 16,320 

________ P-+Pb - 16,320 -- 

Notes: 
1. Stress Intensities shown in Psi.  
2. Origin is located at the center of the outer bottom cover plate, at the outer surface. Theta=0 is along the positive x-axis.  
3. Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  
4. Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  
5. The maximum stresses of PT24PlG, steps 3 & 2 (outward) and Pr24PED, step 2 (inward) are reported for Ig axial handling 

load.

- i
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Table 9-6 Load Condition Stress' Results for Outer Top Cover Plate
______ ______Load Step_______ 

Run I.D Stress 
1 2 3 4 5 6 7 

PT24PIP.out Pm - 1,657 1,306 - -

Pm+Pb - 4,510 4,078 -

Pm - 374 204 151 158 
___________ Pm,+Pb - 549 460 277 304 

Pm _ 21 1,309 753 617 617 
___________ Pm+Pb 43 2,621 1,770 1,321 1,321 

PT24P1G.out P - 147 164 - -

Pm+Pb - 337 383 -- 

Pm - 966 1,141 - -
Pm+Pb - 1,204 1,728 - -

Pm - - 36,850 35,350 -PT24PSD.out 
Pm+Pb 52,520 52,100 -

PT24PSDP.out Pm - 37,000 35,400 
Pm+Pb - 52,620 51,740 

Pm 13,080 9,628 3,531 3,162 
Pm+Pb 13,210 9,813 3,783 3,500 

P. 3,194 
PT24PTH2.out 

Pm+Pb 3,561 -- 

P24TP.out Pm - 12,980 -

Pm+Pb - 13,160 -

Pm - 9,251 3,499 3,173 
____________ P.+Pb - 10,510 4,965 5,522 

P. - 3,222 
___________I P-+Pb j 5,615 

Notes: 
1. Stress Intensities shown in Psi.
2.  
3.  
4.  
5.

Origin is located at the center of the outer bottom cover plate, at the outer surface. Theta=0 is along the positive x-axis.  
Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  
Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  
The maximum stresses of PT24P1G, steps 3 & 2 (outward) and PT24PED, step 2 (inward) are reported for Ig axial 
handling load.
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Table 9-7 Load Condition Stress1 Results for Outer Top Cover Plate Weld 

Load Step ___ ______ 

Run I.D Stress 
1 2 3 4 5 6 7 

Pm, _____ - 5,427 0 - - -
PT'24PIP.out

Pm+Pb - 8,527 0 

Pm - 932 0 0 24 -
P.+Pb - 1,411 0 0 32 -

Pm - 58 3,523 0 0 4 
Pm+Pb - 92 5,540 0 0 6 _ 

p- 241 0 -

PT24PIG.out 
Pm+Pb - 407 0 

Pm- 678 0 "___ -___ 

PT24PDW.out -
-6 

Pm+Pb - 941 0 

Pm - - 3,146 3,867 
PT'24PSD.out 

Pm+Pb - 3,737 4,690 -

Pm - 10,720 3,564 " 
PT24PSDP.out 

Pm+Pb - - - 16,460 9,591 

P. 14,290 10,350 6,603 7,019 
PT'24PTH.out 

Pm+Pb 15,020 10,920 8,135 9,731 
Pm 7,212 " " 

PT24PTH2.out 
Pm+Pb 10,040 -

Pm - 14,110 - "__ " 

P24PTHP.out 
Pm+Pb - 14,790 

p= - 10,040 5,146 5,556 " 
PT24PTP2.out 

P.i+Pb - 11,580 8,568 9,447 
p- 5,699 - --

PT24PTP3.out 
P,+Pb 9,661 

Notes 
1. Stress Intensities shown in Psi.  
2. Origin is located at the center of the outer bottom cover plate, at the outer surface. Tbeta=0 is along the positive x-axis.  

3. Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  

4. Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  

5. The maximum stresses of PT24PIG, step 2 (outward) and PT24PED, step 2 (inward) are reported for Ig axial handling 

load.
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Table 9-8 Load Condition Stress1 Results for Inner Top Cover Plate 

Run I.D Stress Load Step 
1 2 3 4 5 6 7 

PT24PIP.out Pm 729 431 - - -

Pm+Pb - 3,139 3,935 

PT24PFL.out Pm - 155 224 112 111 
Pm+Pb 377 503 283 283 

PT24PED.out Pm 6 368 342 205 206 
Pm+Pb 33 2,018 1,992 1,493 1,494 

PT24P1G.out Pm 1,649 1,665 -
Pm+Pb 1,853 1,846 -

Pm - 571 588 - -

PT24PDW.out Pm+Pb 1,632 1,680 -

PT24PSD.out Pm - 24,360 25,280 
Pm,+Pb - 37,870 38,350 

PT24PSDP.out Pm - 24,000 24,910 
Pm+Pb - - 39,060 41,820 

PT24PTH.out P_, 10,750 7,106 3,270 2,929 
Pm+Pb 11,200 7,715 3,705 3,079 

PT24PTH2.out Pm 2,945 - -

Pm+Pb 3,157 - -

P24PTHP.out Pm - 10,760 -
Pm+Pb - 11,580 

PT24PPTP2.ou Pm - 7,268 4,061 3,292 
Pm+Pb - 12,740 9,896 9,256 

P. 3,288 -
PT'24PTP3.out 3 Pm+Pb - 9,221 - - -

1. Stress Intensities shown in Psi.  
2. Origin is located at the center of the outer bottom cover plate, at the outer surface. Theta-0 is along the positive x-axis.  
3. Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  
4. Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  
5. The maximum stresses of PT24P1G, steps 3 & 2 (outward) and PT24PED, step 2 (inward) are reported for Ig axial 

handling load.

Notes

I
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Table 9-9 Load Condition Stress' Results for Top Shield Plug

______ ______Load Step____ ___ 

Run I.D Stress 
1 2 3 4 5 6 7 

PT24PIP.out _0 

P.+Pb - 0 0 -

P1T24PFL.out P 161 168 92 93 

Pm+Pb - 490 500 273 274 

PT24PED.out P. - 24 1,465 1,487 1,348 1,348 

Pm+Pb - 64 3,841 3,879 3,429 3,429 

Pm - 170 170 -PT'24PIG.out 
Pm+Pb - 421 421 - -

PT24PDW.out - a"' 243 243 

Pm+Pb - 398 398 -

PT24PSD.out P. - - 21,740 21,980 
Pm+Pb - - 37,680 37,230 

PT24PSDP.out P. - - - 21,920 22,120 -

Pm+Pb - - - 38,230 37,710 

P. 0 0 0 0
PT24PTH.out -PI+P 0 0 0 0-Pm+Pb 0 0 0 0 

SP. 0 Pr24PTH2.out Pm 0 -Pm+Pb 0 - -

_ _ _ _ _ _ _ Pm+P -_ _ 0 - - -

PT24PTP2.out Pm - 0 0 0 
P-+Pb - 0 - -

PT24PTP2.out 0 
_______ P,+Pb " 0 0 0 

Notes 
1. Stress Intensities shown in Psi.  
2. Origin is located at the center of the outer bottom cover plate, at the outer surface. Theta=0 is along the positive x-axis.  
3. Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  
4. Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  
5. The maximum stresses of PT24P1G, steps 3 & 2 (outward) and PT24PED, step 2 (inward) are reported for Ig axial 

handling load.

I
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Table 9-10 - Load Condition Stress' Results for Support Ring

Run I.D Stress Load Step 
2 3 4 5 6 7 

PT24PIP.out Pm 492 532 -

Pm+Pb 559 564 - -

PT24PFLout Pm . 1,355 1,375 758 756 
Pm+Pb 1,883 1,936 1,063 1,064 

PT24PED.out Pm 100 6,043 6,123 6,123 5,962 
Pm+Pb 174 10,430 10,600 10,600 9,534 

PT24P1G.out Pm 307 309 
Pm+Pb 334 336 

PT24PDW.out P. 200 208 
P.+Pb 225 234 -

T4PSD.out Pm - 14,150 5,322 
Pm+Pb - 24,900 9,899 -

PT24PSDP.out Pm - 12,840 3,775 
Pm+Pb - 23,390 6,591 

PT24PTH.out Pm 3,644 2,657 1,459 1,381 
Pm+Pb 4,229 2,739 2,408 1,827 

PT24PTH2.out P 1,279 - -

Pm+Pb 1,759 - -

P24PTHP.out _ . - 3,691 - -

Pm+Pb - 4,276 - - -

PT24PTP2.out Pm _ 2,683 1,908 1,846 
P.+Pb 2,939 2,828 2,289 

PT24PTP3.out . - 1,744 - -

Pm+Pb - 2,221 - I- -

1. Stress Intensities shown in Psi.  
2. Origin is located at the center of the outer bottom cover plate, at the outer surface. Theta=0 is along the positive x-axis.  
3. Deadweight (horizontal) results are scaled to obtain stresses for vertical and lateral seismic and handling loads.  
4. Maximum thermal stresses of PT24PTH (cases 7,8,15,16) and PT24PTH2 (case 26) are reported.  
5. The maximum stresses of PT24P1 G, steps 3 & 2 (outward) and Pr24PED, step 2 (inward) are reported for I g axial 

handling load.

Notes

a

J
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Table 9-11 - Load Condition Stress1 Results for Cylindrical Shell (Bottom Half) 
______ ______Load Step_______ 

Run I.D StressLodSp 
1 2 3 4 5 6 7 

PB24PLT.out P. 8,226 - - - - -

Pm+Pb 17,820 - -

P. - 629 629 - - -
P,+Pb - 1,287 1,344 - -

Pm - 1,383 1,383 755 755 -

Ps+Pb - 2,558 2,717 1,437 1,462 -

P. - 184 10,870 10,860 10,860 10,860 
Pm+Pb - 397 24,160 24,160 24,160 24,160 

P. 852 834 - - -
Pm+Pb - 2,853 2,732 

PB24PDW.out P. 2,501 2,565 
Pm+Pb 2,809 3,102 

P3  32,630 26,290 "___ -

PB24PSD2.out P. 39,190 43,290 
P.+Pb 39,190 43,290 

P. 32,530 26,170 " PB24PSD3.out 
Pm+Pb 39,100 43,160 - " 

P. 21,390 15,630 6,990 7,259 
PB24PTH.out Pm+Pb 22,150 16,330 10,470 10,560 

P3  7,507 -- 

PB24PTH2.out Pm 1,80 -

Pm+Pb 10,810 -

PB24PGPI.out P.  
P.+Pb .. .  

P. 16,970 22,630 25,660 -
Pm+Pb 22,960 30,610 34,850 -

PB24PGP3.out P. 2,549 
P.+Pb 2,549 

PB24PTHG.out P. 9,549 10,340 10,370 10,480 

P-+Pb 20,460 21,040 21,580 21,770 

PB24PT-G.out P. 9,547 12,680 12,700 
Pm.+Pb 20,460 25,090 25,120 

P- 814 2,661 
P.+Pb - 1,822 2,429 -

P. - 813 21,040 15,440 
Pm+Pb - 1,821 22,040 15,930 

P. - - 21,810 16,130 
Pm+Pb - 23,190 17,420 " 

P3  21,990 16,300 " 
PB24PTR3.out P 190 1,0 

Pm+Pb 23,790 17,990 

Notes 
1. Stress Intensities shown in Psi.

I
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Table 9-12 - Load Condition Stress' Results for Outer Bottom Cover Plate 

Run I.D Stress Load Step 
1 2 3 4 5 6 7 

PB24PLT.out P _

Pm+Pb -

Pm - 396 617 --- 
PB24PIP.out P39 61 

Pm+Pb - 874 1,069 

PB24PFL.out Pm - 373 304 267 271 
P-+Pb 439 470 402 429 

PI34_____ P___ 27 1,649 1,649 1,649 1,649 Pm+Pb _ 51 3,127 3,126 3,127 3,127 

Pm - 845 1,264 -- PB24P1G.out Pm+Pb - 1,836 2,178 -

PB24PDW.out Pm 658 695 

P__+Pb 1,101 1,174 -- 

PB24PSD2.out Pm 23,340 23,150 -- 
Pm+Pb 33,400 34,080 

Pm 23,160 22,980- --

PB24PSD3.out P 2310 2,8 
Pm+Pb 32,960 33,630 

Pm 18,810 13,720 3,660 3,068 Pm+Pb 19,640 14,050 4,424 3,555 

Pm 3,097 -___ 
PB24PTH2.out P. 3,02 - -

Pm+Pb 3,602 

PB24PGP1 .out 
Pm+Pb - - - - _ 

PB24PGP2.out Pm 15,080 20,110 23,300 -

Pm+Pb 23,890 31,850 41,050 -- 

PB24PGP3.out Pm 4,633 - -

Pm+Pb 22,750 -- 

PB24PTHG.out Pm 5,723 8,711 7,927 7,954 
P.+Pb 22,860 24,180 23,540 23,520 

P. 5,722 5,809 5,838 
P.+Pb 22,850 24,240 24,310 

PB24RAM.out - P - 3,528 4,703 
Pm+Pb - 7,256 9,674 

PB24PTHR.out P. - 3,481 18,320 13,270 
Pm+Pb - 7,229 19,280 13,830 

PB24PTR2.out P* - - 18,610 13,530 -
Pm+Pb - 19,850 14,760 

PB24PTR3.out Pm - - 18,600 13,510 
Pm+Pb - - 19,960 16,910 -

1. Stress Intensities shown in Psi.
Notes

00
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Table 9-13 - Load Condition Stress1 Results for Outer Bottom Cover Plate Weld
- Load Stop 

Run I.D Stress____LdStp___ 1 2 3 4 5 6 7 

PB24PLT.out P.+Pb 
Pm - 289 0- -

PB24PIP.out P. - 25 0 
Pm+Pb - 425 0

Pm - 799 0 0 22 
Pm+Pb - 987 0 0 30 -

P- 72 4,445 4,444 4,445 4,445 
Pm+Pb - 89 5,442 5,442 5,442 5,442 

Pm 640 0 

PB24P1G.out - P 4 
Pm+Pb 946 0 -

Pm 528 0 - _ 

PB24PDW.out -P+Pb 679 0 -

Pm 22,340 0 - -- 

PB24PSD2.out P. 27,30 0 -
P.+Pb 27,230 0 

PB24PSD3.out P. 22,010 0 -

Pm+Pb 26,930 0 - -- " 

P. 21,080 15,220 6,169 5,804 
Pm+Pb 21,710 15,750 7,544 7,990 

P. 5,930 -_ 

PB24PTH2.out Pm+Pb 8,220 ___ ---

PB24PGPI.out P.  
Pm+Pb L,2 

PB24PGP2.out 
P+ 

Pm +Pb " 

PB24PGP3.out P.  P.+Pb 

P. 8,945 10,100 10,460 10,570 
____________ Pm+Pb 10,960 14,120 14,490 14,690 

P. 8,946 12,060 12,070 
P.+Pb 10,960 15,090 15,120 

Pm, 373 497
PB24RAM.out P. - 606 4 

P.+Pb - 455 606 --

P.- 377 20,690 14,960 -
P-+Pb - 459 21,480 15,360 -

Pm - _______ 21,360 15,560 
Pm+Pb - 22,370 16,080 

Pm - 21,500 15,690 
I Pm+Pb 22,620 16,320 

Notes 
1. Stress Intensities shown in Psi.
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Table 9-14 - Load Condition Stress1 Results for Bottom Shield Plug 

Run I.D Stress Load Step 
1 2 3 4 5 6 7 

PB24PLT.out Pm -

Pm+Pb - - 1 -

PB324PIP.out Pm ___ 104 106 - -

Pm+Pb - 312 313 
Pm - 163 164 89 90 PB24PFL.out Pm+Pb - 718 731 424 425 

PB24PED.out Pm - 19 1,188 1,188 1,188 1,188 
PB24PEDout Pm+Pb - 74 4,479 4,479 4,479 4,479 

Pm - 216 215 -PB24P1G.out Pm+Pb - 574 574 

PB24PDW.out Pm 311 311 - _ 

Pm+Pb 315 314 -

PB24PSD2.out Pm 24,720 24,660 -
PB24PSD2.out P,+Pb 25,590 25,520 -

Pm 24,770 24,710 
PB24PSD3.out Pm+Pb 26,400 26,440 -

Pm 0 0 0 0 

PB24PTH2.out P. 0 
Pm+Pb 0 0 0 

PB24PGPT.out P 
Pm+Pb - -

PB24PGP2.out Pm 0 0 0 
Pm+Pb 0 0 0 

PB24PGP3.out _ . 0 
Pm+Pb 0 -

PB24PTHG.out Pm 0 2,848 2,434 2,492 
Pm+Pb 0 3,178 2,587 2,644 

P. 0 2,434 2,492 --- 

PB24PT-G.out P. 0 2,587 2,442 
P=+Pb 0 2,587 2,644 

Pml - 349 465 -- 

PB24RAM.out P 4 6 
Pm+Pb - 2,199 2,933 -

Pm - 346 10,340 8,383 
P,+Pb - 2,194 11,080 9,359 -

PB24PTR2.out Pm - - 10,030 8,291 
Pm+Pb - 10,510 8,841 

PB24PTR3.out Pb - - 10,040 8,270 

NtsIP=+Pb - 10,380 8,710 

Notes 
1. Stress Intensities shown in Psi.

IW,
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Table 9-15 - Load Condition Stress1 Results for Inner Bottom Cover Plate 

Load Step 
Run I.D Stress 1 2 3 4 5 6 7 

PB24PLT.out P. 1,255 
Pm+Pb 18,990 -

Pm - 272 274 
PB24PIP.out Pm+Pb - 731 737 " 

PB24PFL.p ou - 795 806 587 597 

Pm+Pb - 1,478 1,560 969 978 

Pm - 89 5,804 5,802 5,804 5,804 

PB24PED.out Pm+Pb - 332 19,260 19,250 19,260 19,260 

PB24P1G.out Pm 229 240 " " 

Pm+Pb - 826 827 

PB24PDW.out Pm 693 705 " 

PB24PDWout P,+Pb 811 819 

Pm 38,050 39,130 
Pm+Pb 38,980 40,070 

PB24PSD3.out P. 37,750 38,820 
Pm+Pb 38,720 39,810 

Pm 15,950 10,070 6,766 4,903 
PB24PTH.out Pm+Pb 17,250 10,700 7,420 5,371 

Pm 4,921 -
PB24PTH2.out Pm+Pb, 5,386 

PB24PGPI.out Pm+___"_" 
" 

___ __ ___ __ Pm+Pb - - ---

Pm 9,891 13,190 15,450 
PB24PGP2.out Pm+Pb 12,520 16,690 19,240 

P. 188 -
PB24PGP3.out Pm+Pb 216 -

P. 785 7,302 5,444 5,462 
P-+Pb 1,146 8,235 6,198 6,219 " 

p, 785 4,979 4,995 " 

PB24PT-G.out Pm+Pb 1,146 5,257 5,285 

P. 1,996 2,661 
PB24RAM.out P,+Pb 2,866 3,821 

P. 1,991 16,110 11,920 -

PB24PTHR.out Pm+Pb 2,860 17,750 13,160 -

P. - 15,790 10,120 

PB24PTR2.out Pm+Pb - 17,420 11,540 

Pm - 15,850 10,220 -

PB24PTR3.out Pm+Pb - 17,860 12,000 - " 

Notes 
1. Stress Intensities shown in Psi.
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Table 9-16 - Load Condition Stress1 Results for Grapple Ring SUDDOrt

Run I.D Stress Load Step : 
1 2 3 4 5 6 7 

PB24PLT.out Pm - - -
Pm+Pb -

PB24PIP.out Pm 182 195 
Pm+Pb 474 508 

PB24PFL.out Pm 243 237 141 141 
Pm+Pb 628 619 365 365 

PB24PED.out Pm 25 1,507 1,507 1,507 1,507 
Pm+Pb 66 4,009 4,009 4,009 4,009 

PB24PIG.out Pm 485 534 .- 
Pm+Pb - 1,272 1,404 .  

PB24PDW.out Pm 35 36 
Pm+Pb 52 55 

PB24PSD2.out Pm 2,103 2,034 
Pm+Pb 3,152 3,198 

PB24PSD3.out Pm 2,081 1,904 
Pm+Pb 2,633 2,386 

PB24PTH.out Pm 8,421 6,271 1,311 1,301 
Pm+Pb 9,790 7,696 4,083 3,453 

PB24PTH2.out Pm 1,360 - - -

Pm+Pb 3,520 -

PB24PGPI.out Pm 6,060 8,080 
Pm+Pb 21,930 29,240 

PB24PGP2.out Pm 
Pm+Pb - - .  

PB24PGP3.out P.  Pm+Pb - - - _ 

PB24PTHG.out Pm 12,870 13,550 13,240 13,230 
P-+Pb 35,410 37,620 36,590 36,550 

PB24PT-G.out P. 12,860 12,850 12,870 
P-+Pb 35,410 34,300 34,330 

PB24RAM.out Pm - 1,169 1,558 .  
Pm+Pb - 3,001 4,002 .  

PB24PTHR.out P - 1,199 8,639 6,956 -
Pm+Pb - 3,074 12,550 10,670 -

PB24PTR2.out Pm - - 10,570 8,937 -
Pm+Pb - 21,400 19,590 

PB24PTR3.out Pm - 11,860 10,010 -
Pm+Pb - - 25,230 23,390 1 -

1. Stress Intensities shown in Psi.
Notes

L
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Table 9-17 - Load Condition Stress' Results for Grapple Ring 
______ ~~Load Step_______ 

Run I.D Stress 1 2t6 1 2 3 4 5 6 7 

PB24PLT.out 
Pm+Pb - - _ 

Pm ____.- 14 15 " 
PB24PIP.out Pm+Pb - 63 68 

p - 17 17 9 9 
Pm+Pb - 91 91 54 54 

Pm - 3 183 183 183 183 
PB24PED.out Pm+Pb - 8 528 529 528 528 

PB24PIG.out Pm - 38 43 "- 

Pm+Pb - 169 187 
Pm 7___ 5___ "

PB24PDW.out Pm 9 9 
P.+Pb 9 9 

Pm 359 245 
PB24PSD2.out Pm+Pb 498 477 

Pm 773 633 - " " 
PB24PSD3.out Pm+Pb 799 667 - " " 

Pm 2,645 1,710 664 588 
Pm+Pb 3,747 2,535 2,756 2,277 

P. 631 - -
PB24PTH2.out Pm+Pb 2,240 - " " 

Pm 9,973 13,300 " - " 
PB24PGP1.out Pm+Pb 17,310 23,080 

PB24PGP2.out Pm 
Pm+Pb 

PB24PGP3.out P.  P,+Pb - " 

PB24PTHG.out P. 9,902 10,010 9,904 9,903 
P.+Pb 16,310 15,350 15,560 15,570 

P. 9,982 9,898 9,899 
PB24PT-G.out Pm+Pb 15,780 17,170 17,130 

Pm 317 423 - - " 
PB24RAM.out P 1 2 

Pm+Pb 635 846 

Pm 327 3,085 2,125 
PB24PTH1R.out P.+Pb 654 4,498 3,200 

pm -. 3,841 3,119 
PB24PTR2.out P=+Pb " 6,440 5,381 

pm - 4,303 3,578 
PB24PTR3.out P.+Pb 7,388 6,322 

Notes 
1. Stress Intensities shown in Psi.
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Table 9-18 - Load Condition Force' Results for Outer Top Cover Plate Weld 

Run 1.D Load Step 
1 2 3 4 5 6 7 

PT24PIP.out - 3,426 637 -

PT24PFL.out - 558 110 71 82 

PT24PED.out - 38 2,277 398 372 373 

PT24PIG.out - 235 139 -

PT24PDW.out - 913 1,076 

PT24PSD.out - - 6,263 12,187 

PT24PSDP.out - - - 11,274 12,124 

PT24PTH.out 1,816 1,248 1,370 1,698 

PT24PTH2.out 1,730 - -

PT24PTHP.out - 1,530 -

PT24PTP2.out - 2,615 3,617 3,977 

PT24PTP3.out 4,034 

Notes 
1. Resultant forces shown in lbs.

I

1
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Table 9-19 - Load Condition Force' Results for Inner Top Cover Plate Weld

Run I.D 

PT24PIP.out 

PT24PFL.out 

PT24PED.out 

PT24PlG.out 

PT24PDW.out 

PT24PSD.out 

PT24PSDP.out 

PT24PTH.out 

PT24PTH2.out 

PT24PTHP.out 

PT24PTP2.out 

PT24PTP3.out

1

1,475 

1,031

2 

1,173

109 

16 

629 

952

878

1,664 

2,861

Load Step
Load Step 

3 4 5 

851 

194 125 122 

935 562 551

625 

978

8,413 

999

I A.-I. 4-

8,545 

9,141 

1,032

i r-

2,981

t3,012

8,964

Notes 
1. Resultant forces shown in lbs.
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Table 9-20 - Load Condition Force1 Results for Support Ring Weld (Continuous)

Notes 
1. Resultant forces shown in lbs.

I

•v

Run.D 1 Load Step 
1_2 3 4 5 6 7 

PT24PIP.out - 63 100 

PT24PFL.out 539 567 309 311 

PT24PED.out 95 5,692 5,772 5,303 5,303 

PT24PIG.out 73 74 -

PT24PDW.out 40 41 

PT24PSD.out - 11,602 11,789 

PT24PSDP.out - - 11,683 11,919 

PT24PTH.out 516 448 545 330 

PT24PTH2.out 316 -

PT24PTHP.out 528 

PT24PTP2.out 455 503 451 

PT24PTP3.out 438 -
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Table 9-21 - Load Condition Force' Results for Support Ring Weld (Intermittent) 

Run L.D ""_Load Step 6 1 2 3 4 5 6 7 

PT24PIP.out - 106 158 

PT24PFL.out - 666 685 375 382 

PT24PED.out - 84 4,996 5,070 4,488 4,489 

PT24PI G.out 94 95 - -

PT24PDW.out 18 18 

PT24PSD.out 4,179 2,511 

PT24PSDP.out - - - 772 617 

PT24PTH.out 686 738 1,105 474 

PT24PTH2.out 452 -

PT24PTHP.out - 704 

PT24PTP2.out - 630 731 656 

PTT24PTP3.out 633 

Notes 
1. Resultant forces shown in Ibs.

I
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Table 9-22 - Load Condition Force1 Results for Outer Bottom Cover Plate Weld 

Run ID Load Step 
1 2 3 4 5 6 7 

PB24PLT.out - - - - - -

PB24PIP.out 331 393 -

PB24PFL.out - 604 206 188 190 

PB24PED.out - 46 2,783 2,782 2,783 2,783 

PB24PIG.out - 716 797 -

PB24PDW.out 1,016 1,029 - ° 

PB24PSD2.out 7,613 8,211 

PB24PSD3.out 7,429 8,295 -

PB24PTH.out 4,377 3,006 2,154 2,246 .  

PB24PTH2.out 2,266 -

PB24PGPI.out - -

PB24PGP2.out 8,856 11,807 13,356 

PB24PGP3.out 584 -

PB24PTHG.out 5,272 5,580 5,879 5,951 

PB24PT-G.out 5,272 7,456 7,477 

PB24RAM.out - 216 288 

PB24PTHR.out - 219 4,598 3,332 

PB24PTR2.out - - 5,133 3,825 

PB24PTR3.out - - 5,371 4,059 

Notes 
1. Resultant forces shown in lbs.

I
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Table 9-24 and Table 9-25 associate the analysis runs with load combinations for the top end models 

and bottom end models, respectively. Included in the tables are the maximum temperatures expected 

for each load combination, as provided in References 9 and 10. Allowable stresses for each load 

combination are determined based on the appropriate maximum temperature, rounded to the nearest 

50'F, unless noted otherwise.

9.2.1 Design Pressure

As per Section NB-3221 of Reference 2, stresses due to the design pressure of 10 psi shall be within 

allowable stress limits at the design temperature 500 OF. Table 9-23 summarizes the stress intensities 

and stress ratios for pressure boundary components. Stresses for non-weld components are taken 

from tables in Section 9. 1. The Stress Intensity for the Inner Top Cover Plate Weld is from 

Table 10-14. The Inner Bottom Cover Plate to Shell Weld is a full penetration weld and does not 

require analysis. All stress intensities are within acceptable limits.  

Table 9-23 - 10 Psi Design Pressure Stress Results 

Stress Intensity at Allowable Stress 
Component Stress 10 Psi Stress Ratio) 

(ksi) (ksI) 

Pm 1.70 18 0.09 
Shell (top) Pm+Pb 4.43 27 0.16 

Shell (Bottom) Pm 0.63 18 0.04 

Pm+Pb 1.34 27 0.05 

Inner Top Cover Pm 0.43 18 0.02 
Plate Pm+Pb 3.94 27 0.15 

Inner Bottom Cover Pm 0.27 18 0.02 

Plate Pm+Pb 0.74 27 0.03 

Inner Top Cover P. 2.3 10.8 0.21 
Plate Weld I __

9.2.2 FO-DSC Components

The FO-DSC components are evaluated for primary membrane and membrane + bending stress and 

for primary + secondary stress. Stress contour plots for the individual analyses are provided in 

Appendices B I through B33. Results of the component evaluation are summarized in Table 10-1 

through Table 10-11 of Section 10 for the controlling load combinations.

9.2
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For load conditions involving axial loading and non-axisymmetric boundaries resulting in framing 
action of the FO-DSC, the analyses considered displacement constraints at a single node at the end of 
the FO-DSC and at the mid-length. This results in artificial highly localized stresses adjacent to the 
restraints. Stress paths at these locations were not included in the evaluation.  

Stress intensities for side drop loadings in the immediate vicinity of a rail (within one or two 
elements) near the outer cover plate are very localized, as shown in selected figures Appendix B7, B8, 
B20, and B2 1. At the comer of the beveled edge of the FO-DSC shell and directly above in the outer 
cover plate is a very localized peak stress caused by conservative nodal restraint of infinite stiffness to 
represent contact with the rail. The basic characteristic of a peak stress is that it does not cause any 
noticeable distortion and is objectionable only as a possible source of a fatigue crack or a brittle 
fracture (NB-3213.11). A portion of this stress may also be considered secondary in that local 
yielding and minor distortions can satisfy the conditions which cause the stress to occur and failure 
from one application of the stress is not to be expected (NB-3213.9). Along the rail length, high 
stress intensities are due to high bearing stresses between the FO-DSC shell and rail. Because these 
peak, secondary and bearing stresses are not required to be evaluated for the Level D drop conditions, 
the FO-DSC shell, outer cover plate and inner cover plate elements in the immediate vicinity and 
directly above the rail are not included in selected Appendix B figures (see Appendix B).  

Similarly, weld locations in the immediate vicinity of and directly above the rail are not considered 
for maximum weld forces tabulated in Table 9-18 through Table 9-22. Near the rail the outer cover 
plates, inner cover plates and support ring bear directly against the FO-DSC shell such that local 
distortions in the welded connections would allow the load to be carried in bearing between the cover 
plates and the FO-DSC shell. As stated previously, such bearing is not required to be evaluated for 
the Level D drop conditions.  

9.2.3 Welds 

Results of the weld evaluation are summarized in Table 10-12 through Table 10-20 of Section 10 for 
the controlling load cases.  

The weld of the support ring to the shell cannot be qualified for bottom end drop (Load Comb. TR-9) 
using the conservative approach taken for the other welds (see Section 9.1.2). In a bottom end drop, 
the support ring supports the shield plug and a portion of the inner and outer top cover plate inertia.  
The chamfer at the bottom of the shield plug results in a loading the support ring eccentric to the shell 
interface. The eccentric load causes a moment on the ring that loads the bottom (intermittent) weld in 
compression, against the cylindrical shell, and the top (continuous) weld in tension. In the evaluation 
below, it is assumed that the top weld takes the entire vertical force and the pullout load associated 
with the moment. The bottom weld is assumed to take no load. The load is assumed to be uniformly 
distributed along the support ring. Conservatively, the load is applied at the inside edge of the support 
ring (0.75" cantilever). The applied support ring force corresponding to the drop loading is 
determined from the sum of the nodal reaction forces taken from output file PT24PED.out, load step
4.

I
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= 99.0 kip + 36.4 kip (upper and lower weld forces, summation of F, forces) 
= 135.4 kip 

Weld forces: 

fX = (135.4 kip)(0.75 in.) / 2 in.  
= 50.8 kip (radial force based on the 2" ht. of the support ring) 

f = 135.4 kip (vertical force) 
fr = (50.82 + 135.42)1/2 

- 144.6 kip (resultant weld force) 

L = 2n(32.97 in.)/4 
= 51.8 in (weld length: inside radius, 90 degree model) 

For a 1/4 in. partial penetration groove weld with a 1/8 in. cover fillet:

t = 0.25(2)"2 
= 0.353 in.  

teff = (0.252 + 0.1252)1/2 

= 0.280 in.  
Weld stresses:

fr/Lt 
(144.6 kip) / (51.8 in.)(0.353 in.) 
7.91 ksi (ba 
15.9 ksi (all 
fr / L teff 
(144.6 kip) / (51.8 in.)(0.280 in.) 
9.97 ksi (w( 
43.0 ksi (all

(base metal thickness) 

(effective weld throat)

se metal stress) 
owable base metal stress, Level D, 5000 F) 

Ild metal stress) 
owable weld metal stress, Level D, 500'F)

Therefore, the support ring weld is adequate for end drop loading. Note that the weld stresses 
reported in Table 10-15 and Table 10-16 for the upper weld of the support ring include concentrated 
load effects that result from intermittent welding along the lower edge of the ring. Thus, the base 
metal weld stress in Table 10-15 is higher than the above values.

9.2.4 Bearing Stress

Bearing stresses are evaluated below for the most significant bearing loads (ram compression, axial 
retainer load, and canister stop plate load). Note that a bearing stress evaluation is not required for 
Service Level D accident conditions (i.e., seismic, end drop and side drop).  

Ram ComDression 

The maximum ram compression load to be considered for bearing stress is 60 kips (Load Comb. LD
1 through LD-3). Considering the backing stiffness provided to the ram stop plate by the barrel

I
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cylinder, the bearing area is conservatively assumed to be the area of the barrel, reduced by 50% to 
account for the grapple arm cutouts.

0 0.5n(9.02 - 8.02)/4 
= 6.68 in 2 

= 60 kip / 6.68 in 2 

= 9.0 ksi < 

= 0.31

29.85 ksi (Level A/B, 5001F)

Axial Restrainer Load

Two axial restrainer provides axial support to the FO-DSC when seismically loaded toward the door of the 
AHSM. The axial 6g seismic load on the DSC shell is supported by the axial restrainers. The stresses in 
the DSC shell resulting from the axial seismic load are enveloped by the stresses due to the 60g bottom 
end drop load. Additionally, the maximum stress due to contact with the axial restrainers occurs where the 
two 1- 1/2" set screws with a 1.125" half dog point load bear against the DSC shell. However, Service 
Level D events do not require the evaluation of bearing stresses. Therefore, analysis of the bearing stress 
on the DSC due to the set screws is not required.

FO-DSC shell stability is evaluated for loads involving significant external pressure and/or axial load.  
Tabulated below are comparisons of axial stress and external pressure to the allowables identified in 
Table 5-10. Loads associated with fabrication leak testing (Load Comb. NO-l) and flood (Load 
Comb. HSM-10) are defined in Sections 4.3.1 and 4.3.8, respectively. Axial stresses associated with 
the end drop are taken from file PT24PED.out, load step 4, for the shell at mid-height (section 
through nodes 1 and 1000). Additional membrane stress due the accelerated weight of the lower end 
of the shell is calculated as follows: 

S = (0.285 lb/in3)(186.17 inJ2)60g 
= 1,591 psi 
- 1.6 ksi 

Added to the 7.0 ksi axial stress reported in the output file, the total shell axial stress due to the 60g end 
drop loading is 8.6 ksi.

Area, A

PAGE: 97of 138 rolý

fp, bearing 

Ratio

9.2.5 FO-DC Shell Stability

F
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The 155 kip axial load applied during fabrication leak testing corresponds to a stress of 1.2 ksi.  
Allowable Allowable Rai 

service External Pressure or External RaoAxale 

Load Condition Level Axial Stress Prernl Axial StressP 

Fabrication Leak Test Test 14.7 psi ext. pressure 63.0 psi - 0.23 

1.2 ksi axial stress 17.6 ksi 0.07 

Interaction of the above pressure and axial stress 0.30 

Flood C 21.7 psi ext. pressure 47.0 psi - 0.46 

60g End Drop D 8.6 ksi axial stress - 14.0 ksi 0.61

N : SCE-01
SCE-01

I
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Table 9-24 Correlation of Load Combinations to Analysis Runs for Top End Models

Load Service P/P+S 
Comb!" Level (Note 2) Loads (3) Run Te Max ____ __ ___ ___ ____ ___ ___ _ _ ___ ____ ___ ___ ___ ___ Tem p.  

NO-I Test P PR 14 .7)+ 155k Axial Enveloped by Bottom End 
P+S N/A N/A 7001 

P P1i 2m + 155k Axial Enveloped by Bottom End NO-2 Test 7* 
P + S PI(12)+ 155k Axial N/A 700F 

NO-3 P Lifting Loads Other Calculation Package 70*F P+S Lifting Loads Other Calculation Package 
NO-4 A P Lifting Loads Other Calculation Package 

P+S Lifting Loads Other Calculation Package 

P DWv+ PE(HS) Enveloped by Bottom End 
FL-I A P+S N/A N/A212F 

P DWv + PI(HS) + PRHs) Enveloped by FL-I FL-2 A22F 
P+S N/A N/A 

P DWv + PI(Hs) + PEnS) Enveloped by FL-1 FL-3 A22F 
P+S N/A N/A 

FL-4 A P DWv + PR(Hs) + PEMs) Enveloped by FL-I 212OF 
P + S DWv + PI(HS) + PEHs) + THS Enveloped by TL-2 or DD-2 ___ 1 

FL-5 A P DWv + PR(HS) + PraHs) Enveloped by FL-I 
P + S DWv + PI(HS) + PNHs) + TH8  Enveloped by TL-2 or DD-2 

FL-6 A P DWv + P(XHs) + PEf.s) Enveloped by FL-i 
P + S DWv + PI(HS) + PE(HS) + THs Enveloped by TL-2 or DD-2 212OF 

FL-7 C P DWv + PI(XHs) + PraHS) + Seismic Enveloped by TR-5 thru TR-8 
P+S N/A N/A 212OF 

P DWv + PI(HS+2o) + PE(HS) See Calculation in Section 8.3 DD-l1 B36O 
P + S DWv + PI(HS,20) + PEHS)+ TH8  See Calculation in Section 8.3 

P DWv + PraHs.14.7) See Calculation in Section 8.3 DD-2 B36" 
P + S DWv + PVnHs+14.7) + THs See Calculation in Section 8.3 366OF 

P DWv + P10 2) + PmS) See Calculation in Section 8.3 DD-3 B 3660F 
P + S DWv + P102) + PRHS) + THS See Calculation in Section 8.3 

P DWv + P(5 ) + PsHs) See Calculation in Section 8.3 P + S DWv + Pg() + PE(HS) + TH- See Calculation in Section 8.3 

DD-5 A P DW v + PX5) + PEMs) Enveloped by DD-2 P + S DWv + P•S) + PES) + THg Enveloped by DD-2 366OF 

TL-1 A P DWv + PIjo) Enveloped by TL-2 393"F 
P +S DWv + Ptjo) + THs Enveloped by TL-2

TL-2 A
P

P+S

DWv + PIto)

DWv + Pj1 o) + THs

QT24PIP (4)
4 -

T24PTH, T24PTH2, T24PTP2, 
T24PTP3 (4,S)

4430F

TL-3 A P DWH + P(10 ) Enveloped by TL-4 3930P-t 
P I P+S DWH+PkIo)+TH7 T24PTH, T24PTHP (4.5) 1 �t7
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Load Service P/P+S Lod 3 u DMax 

Comb.!" Level (Note 2) Loads_____Run____,_Temp.  

P DWH + P 10o) QT24PIPV45• 443 0F 

P + S DWH + P1(1o) + TH8 T24PTH, T24PTHP, T24PTP2 (4.) 

P DWH + Pj 1o) + Ig Axial Enveloped by TR-5 

TR- A xialT24PTH, T24PTHP, + Primary Load 271"F 

P + S DW + P(Io) + lg +T Runs (see TR-5) (4.5) 

P DWH + PI(0o) + Ig Trans. Enveloped by TR-6 
TR- A + +IT24PTH, T24PTHP, + Primary Load 271F(6) 

PI+ S DWfl+Pk1 o)+1gTrans +TH7  Runs (see TR-6) _ _) 

P DWH + PRIoM + I g Vert. Enveloped by TR-7 
TR-3 A T24PTH, T24PTHP, + Primary Load 271F(6 • 

P+S DWH + Pt10) + lg VerL + TH7 Runs (see TR-7)'5) 

P DWn + P10o) + ½g X, Y, Z Enveloped by TR-8 

TR-4 A T24PTH, T24PTHP, + Primary Load 271F•'• 
P+S DWH + PIo) + ½g X,Y,Z + TH7 Runs (see TR-8) (5) 

QT24PIP, QT24PED (+ axial), 

TR-5P DWH + P) + g Axial QT24PIG (-axial) (45) 3990F 
T24PTH, T24PTHP, T24PTP2 + 

P+S DWH + P100) + Ig Axial + Ths Primary Load Runs (45) 

P DWH + P1Io) + Ig Trans. QT24PIP, T24PDW ') 

TR-6 A T24PTH, T24PTHP, T24PTP2 + 399 0F 
P+S DWH + P10o) + Ig Trans + THs Primary Load Runs (_) 

P DWH + Pj1o) + Ig Vert. QT24PIP, T24PDW ') 

TR-7 A T24PTH, T24PTHP, T24PTP2 + 399 0F 
P+S DWH + PI1 o) + Ig Vert. + THs Primary Load Runs (5) 

QT24PIP, QT24PED (+axial), 
P DWH + PI(jo) + %g X, Y, Z QT24PIG (-axial), T24PDW (trans & 

TR-8 A vert)(s) 3990F 
T24PTH, T24PTHP, T24PTP2 + 

P+S DWH + P 1(o) + %g X,Y,Z + TH. Primary Load Runs(') 

TR9 P Pwo) + 60g BED QT24PED 399"F 

P+S N/A N/A 

TR-10PD PIo2 + 75g SD T24PSD, T24PSDP 3990F 
TR1_ P+S N/A N/A 

TR-1 D P PK2o) + 25g SD Enveloped by TR-10 399"F 
P+S N/A N/A 

TR-12 D P Pi2o) + 60g TED Not Limiting for Top End 3990F 
-2 - P+S N/A N/A 

A P DWH + PI(1o) + 60k Ram Not Limiting for Top End 3930F16) 

LD-I P+S DWH + PI(IO) + 60k Ram + TH7 Not Limiting for Top End 

LD-2 A P DWff + PKIo) + 60k Ram Not Limiting for Top End 439"F 

- P + S DWH + Pt10) + 60k Ram + THs Not Limiting for Top End
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Load Service P/P+S ' Max 
Comb!" Level (Note 2) Loads T p Run ID.  

P DWH + P1(2o) + 80k Ram Not Limiting for Top End 
P + S DWH + PI(20) + 80k Ram + THS Not Limiting for Top End 393°F 

LD-4 B P DWH + PIc20) + 80k Ram Not Limiting for Top End P + S DWH + P1c2o + 80k Ram + TH7 Not Limiting for Top End 

HSM-1 A P DWH + PThoo Enveloped by HSM-3 
__M- __A P + S DW% + PI(jo) + THIS Enveloped by HSM-3 271"F 

HSM-2 P DWH + Po(jo) Enveloped by HSM-3 P + S DWH + P1(o) + TH16  Enveloped by HSM-3 399°F 

HSM-3 P DWm + P420) T24PDW, QT24PIP 27O ___-3_B P + S DWH + P(2o) + THis T24PTH, T24PTP2 ('-5) 271F 
P DWH + PIR20 ) T24PDW, QT24PIP ( HSM-4 B P + S DWH + P,(2o) + TH26  T24PTh2, T24PTP3t 4 5 ) 408°F 

P DWH + PJ(20) Enveloped by HSM-3 
HSM-5_ P + S+ DWn + PK20) + TH15  Enveloped by HSM-3 271 °F 

HSM-6 B P DWH + PJ(20) Enveloped by HSM-4 P + S DWH + P1QO• + TH7 Enveloped by HSM-4 408"F 

HSM-7 B P DWi + P1(20 ) + Seismic Enveloped by HSM-10 P+S N/A N/A 21F 

HSM-8 B _P DW + Pn•20) + Seismic Enveloped by HSM-10 P+S N/A NIA 408"F 

HSM-9 D P DW11 + Plao) + Seismic Enveloped by HSM-10 P+S NIA N/A 271IF 

HSM-10 D P DWH + P!(2o) + Seismic See Calculation in Section 8.1 
------ P+S N/A N/A 408*F 

HSM-1I D P DWH + PIM) QT24PIP, T24PDW(5 ) P+S N/A N/A 646"F 
P DWHj + Flood Enveloped by HSM-13 HSM-12 C -+ S /A N/A271° 0F 

___ P+S N/A N/A 
HSM-13 C P DWI + Flood T24PDW, QT24PFL (4-" 4080F 

P DWH + PPh(o) + 60k Grapple Not Limiting for Top End 
UL-l A271F P + S DWH + Pio o) + 60k Grap + TH1 s Not Limiting for Top End 271 0F 

TL-2 A P DWH + Pglo) + 60k Grapple Not Limiting for Top End 
__-2_A P + S DWH + PI(jo) + 60k Grap + Th 16  Not Limiting for Top End 399°F 

P DWH + P1 ao) + 60k Grapple Not Limiting for Top End 
P + S DWH + PI•o + 60k Grap + THIS Not Limiting for Top End 271°F 

UL-4 B P DWm + Pj2o) + 60k Grapple Not Limiting for Top End P + S DWH + P(a0) + 60k Crap + TH26 Not Limiting for Top End 

UL-5 P DWH + PIczo) + 80k Grapple Not Limiting for Top End UL-5__C P + S DWH + P,(M + 80k Grap + TH]s Not Limiting for Top End 399"F

510 744 6002 TO 9130141522B9 P. 08/1:3
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Load Service P/P+S L " Max 
Comb."l) Level (Note 2) Loads T p Run ID.  

RF-l D P DW v + P1 2) + PE Enveloped by DD-1 212°F 
P + S DWv + Pao.) + PE + TH6 Enveloped by DD-1 

Notes: 
1. Load Combination groupings are as follows: 

NO Non-Operational 
FL Fuel Loading 
DD Draining and Drying 
TL Transfer Trailer Loading 
TR Transfer To/From ISFSI 
LD HSM Loading 
HSM HSM Storage 
UL HSM Unloading 
RF FO-DSC Unloading/Reflood 

2. Stress categories are noted as follows: 
P Primary Stresses 
P + S Primary + Secondary Stresses.  

3. Loads are designated as follows: 
DWv Deadweight in the vertical position 
DWH Deadweight in the horizontal position 
P1  Internal Pressure (value in psi in parentheses; HS = hydrostatic) 
PE External Pressure (value in psi in parentheses; HS = hydrostatic) 
TH Thermal (subscript is case number (7, 8, 15, 16, or 26) 

4- DW to be added by hand from run QT24PED for DWv and from run T24PDW for DW,.  
5. Total stress intensity is obtained from summation of individual run results, except for (a) stresses resulting from the 

combination of thermal with internal pressure loads, which are combined within the finite element analyses.  
6. Per Reference 10, thermal data is not available for the 0* ambient cases. Therefore, data for the -40* ambient cases 

are used instead because they produce higher thermal gradients.

FEB OB '01 09:00 FR TRRNSNUCLEAR WEST 510 744 6002 TO 913014152289 P. 09/13
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Table 9-25 Correlation of Load Combinations to Analysis Runs for Bottom End Models 

Load Service P/P+S Max 

Comb.!" Level (Note 2) Loads ) Run ID Temp.  

P PU14.7)+ 155k Axial QB24PLT IP + S N/A N/A 

P P112) + 155k Axial Enveloped by NO -I P + S P1(12)+ 155k Axial N/A 

NO-3 A P Lifting Loads Other Calculation Package 70OF 
P + S Lifting Loads Other Calculation Package 

P Lifting Loads Other Calculation Package P + S Lifting Loads Other Calculation Package 

• P DWv+ PEHs) QB24PFL from HSM-13 (4) 
FL- A P+S N/A N/A (s) 

FL-2 A P DWv + Puns) + PunHs) Enveloped by FL- I21° 
P+S N/A N/A 212OF 

FL-3 A P DWv + PuHs) + PE(HS) Enveloped by FL-I 212"F 
P+S N/A N/A(s) 

P DWv + Pi(ns) + PEMs) Enveloped by FL-I FL-4 A21F 

P+S DWv + PKHS) + PunHs) + THs Enveloped by TL-2 or DD-2 
FL-5 A P DWv + PRHs) + PEns) Enveloped by FL- I 212OF 

P + S DWv + P(HS) + PEHS) + THs Enveloped by TL-2 or DD-2 
FL-6 A P DWv + PR(HS) + Pr(Hs) Enveloped by FL-I 212°F 

P + S DWv + P(Hs) + PEns) + TH8  Enveloped by TL-2 or DD-2 

FL-7 C P DWv + PI(us) + Pr4Hs) + Seismic Enveloped by TR-5 thru TR-8 212°F P+S N/A N/A 

P DWv + PI(ns+20) + PRHS) See Calculation in Section 8.3 DD- 1 B36F 
P + S DWv + PIas+20) + PE(HS)+ THg See Calculation in Section 8.3 

P DWv + Pr(Hs+14.7) See Calculation in Section 8.3 DD-2 B36F 
P + S DWv + PunHs14.7) + TH8  See Calculation in Section 8.3 

P DWv + P102) + PE(HS) See Calculation in Section 8.3 DD-3P+S DWv + P1 2) + PHS) + TH See Calculation in Section 8.3366F 

P DWv + P10) + PE(HS) See Calculation in Section 8.3 DD-4 B36° 
_ _ _ P + S DWv + Pus) + PE(HS) + TH8  See Calculation in Section 8.3 366OF 

DD-5 A P DW v + PKS) + PHS) Enveloped by DD-2 366°F P +S DWv + Pjs) + PE•HS) + THs Enveloped by DD-2 

TL-I A P DWv + Pl(,o) Enveloped by TL-2 393°F P +S DWv + P~jo) + THs Enveloped by TL-2 

TL-2 A P DWv + PKlo) QB24PIP (4) 4430F 
P + S DWv + Pj1o) + THs QB24PIP, B24PTH, B24PTH2 (4.5) 

TL-3 A P DWH + P(10 ) Enveloped by "1-4 3930F*• P + S DWH + P10o) + TH7 QB24PIP, B24PTI' 4's

)
I
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Load Service P/P+S Loads (3) Run ID Max 

Comb.!" Level (Note 2) 
Temp.  

P DWH + P(10o) QB24PlP' 4"'5  443OF 

P + S DWH + P(10 •) + THs QB24PIP, B24PTH' 45 4 

P DWH + Pj(10 ) + Ig Axial Enveloped by TR-5 

TR-1 A B24PTH + Primary Load Runs (see 271 °F(7) 
P+S DWH + P(10o) + lg Axial + TH7 TR-5) (4.5 ) 

P DWH + P1(0o) + Ig Trans. Enveloped by TR-6 

TR-2 A B24PTH + Primary Load Runs (see 27 I°F 7) 
P + S DWH + P1(10) + Ig Trans + TH7  TR-6) (5) 

P DWH + P1(0o) + 1g Vert. Enveloped by TR-7 

TR-3 A B24PTH + Primary Load Runs (see 271 oFM 

P+S DWH + PI~jo) + lg VerL + TH7 TR-7) (s) 

P DWH + P100) + ½g X, Y, Z Enveloped by TR-8 

TR-4 A B24PTH + Primary Load Runs (see 27 I°F(? 
P+S DWH + P( 10) + ½g X,Y,Z + TH7  TR-8) (5) 

gAxial QB24PIP, QB24PED (+ axial), 

TR-5P DWH + PI(jo) + ig QB24PIG (-axial) (4.5) 3990F 

P+S DWH + P10jo) + lg Axial + TH& B24PTH + Primary Load Runs (4.5) 

P DWH + Pj(jo) + Ig Trans. QB24PIP, B24PDW ( 3990F 

TR-6 A P-+ S DWH + PI(o) + Ig Trans + THs B24PTH + Primary Load Runs ___390 

P DWH + PI(jo) + Ig Vert. QB24PIP, B24PDW (5) 

TR-7 A P+S DWH + PI(o) + Ilg Vert. + TH8  B24PTH + Primary Load Runs 5 s 3990F 

QB24PIP, QB24PED (+axial), 

P DWH + P1(1o) + Y2g X,. Y, Z QB24PIG (-axial), B24PDW (trans 
TR-8 A & vert)) 3990F 

P + S DWH + PI(Io) + ½g XY,Z + THs B24PTH + Primary Load Runs"5 ) 

TR-9 D P Pj( 2o) + 60g BED Not Limiting for Bottom End 399oF 
P+S N/A N/A 

TR-10 D P P1(20) + 75g SD PB24PSDP 3990F 
P+S N/A N/A 

P PI0M + 25g SD Enveloped by TR-10 399oF 
TR-l1 D P-+ S N/A N/A 

TR-12 D P P(20) + 60g TED QB24PED 3990 F 
P-+ S N/A N/A 

P DWH + P1(1o) + 60k Ram Enveloped by LD-3 3930p7) 
LD-1 A P+S DWH + P1Io) + 60k Ram + TH7 Enveloped by LD-4 

P DWH + P~jo) + 60k Ram Enveloped by LD-3 439 0F 
LD-2 A P + S DWH + PI1o) + 60k Ram + THs Enveloped by LD-4 

P DWH + PR20) + 80k Ram QB24PIP, B24PRAM (4-5) 
LD-3 B P + S DWH + Pt<2o) + 80k Ram + THs QB24PIP, B24PTR3. 393°F 

P DWH + P1(20) + 80k Ram QB24PIP, B24PRAM 4.s 4390P) 
LD-4 B P + S DWH + PR2o) + 80k Ram + TH7 QB24PIP, 24PTR3 (,4..5)
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Load Service P/P+S Max 

Comb.1) Level (Note 2) Loads Run IDemp.  
Comb . P DWH + P 10o) Enveloped by HSM-3 
HSM-1P+S DWH + P10) + TH1 Enveloped by HSM-3 

HSM-2 A P DWH + P10o) Enveloped by HSM-3 
P + S DWH + P10o) + TH16  Enveloped by HSM-3 

HSM-3 B P DWH + PR2o) QB24PIP (4.5) P + S DWH + P100) + THis QB24PIP, B24FTH (4.5) 2710F 

HSM-4 B P DWH + PR2o) QB24PIP (4.5) P + S DWH + PI(2o) + TH26 QB24PIP, B24PTH2 (4,3) 

HSM-5 B P DWH + PR20) Enveloped by HSM-3 
_____ P + S DWH + Pi20) + TH15  Enveloped by HSM-3 271*F 

HSM-6 B P DWH + PX20) Enveloped by HSM-4 P + S DWH + PI2o) + TH26 Enveloped by HSM-4 

HSM-7 B P DWH + P1(20) + Seismic Enveloped by HSM-10 271°F P+S N/A N/A 
HSM-8 B P DWH + PI(2o) + Seismic Enveloped by HSM-10 

P + S N/A N/A 

P DWu + P,,, + Seismic EnveldnnA hv 1w I n.NL
HSM-9 D - - I I -

P+S N/A
P DWH + P;(2o) + Seismic See Calculation in Section 8.1 HSM-1_._0 D P+S N/A N/A 4080F 

P DWH + P(60) QB24PIP, B24PDW (trans/vert) (3) HSM-11 D P+SNA/A646°F 
_____P+S N/A N/A ___ 

HSM-12 P DWH + Flood Enveloped by HSM-13 
HSM-12 C P+S N/A N/A 271IF 
HSM-13 C P DWH + Flood QB24PFL (45) 408oF 

P DWH + Pg(jo) + 60k Grapple Enveloped by UL-3 
__L-__ A P +S DWH + PIlo) + 60k Grap + TH1s Enveloped by UL-3 2710 F 

UL-2 A P DWH + PIjo) + 60k Grapple Enveloped by UL-4 
__L-2__ A P + S DWH + PJ(jo) + 60k Grap + TH16  Enveloped by UL-4 399F 

UL-3 B P DWH + Pj(2o) + 60k Grapple QB24PIP, B24PDW, B24PGP2 271OF UL-3__ B P + S DWH + P•2o) + 60k Grap + TH1s QB24PIP, B24PTHG, B24PT-G (4.) 

UL-4 B P DWH + Pzo) + 60k Grapple QB24PIP, B24PDW, B24PGP2 
__L-_ P + S DWH + PIzo) + 60k Grap + TH2 QB24PlP, B24PTHG, B24PT-G . 4080F 

UL-5 C P DWH + Pi(2o) + 80k Grapple QB24PIP, B24PDW, B24PGP2 399°F P + S DWH + P(2o) + 80k Grap + TH16 QB24PIP, B24PDW, B24PGP2

271OF

RF-1 D
P

P+S

DW v + PN20 + Pp Enveloped by DD-I
I - * . -

DW� + � + N + 'III. Enveloned byv 1313-1 212°F
-~ + -&,m + -w + - H - - . --- eIne bv DD- I .

v

-- . • - -- ite,•,tlI ......... T, •

.)
N/A
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Notes: 

1. Load Combination groupings are as follows: 
NO Non-Operational 
FL Fuel Loading 
DD Draining and Drying 
TL Transfer Trailer Loading 
TR Transfer To/From ISFSI 
LD HSM Loading 
HSM HSM Storage 
UL HSM Unloading 
RF FO-DSC Unloading/Reflood 

2. Stress categories are noted as follows: 
P Primary Stresses 
P + S Primary + Secondary Stresses.  

3. Loads are designated as follows: 
DWv Deadweight in the vertical position 
DWH Deadweight in the horizontal position 
P1  Internal Pressure (value in psi in parentheses; HS = hydrostatic) 
PE External Pressure (value in psi in parentheses; HS = hydrostatic) 
TH Thermal (subscript is case number (7, 8, 15, 16, or 26) 

4. DW to be added by hand from QT24PED for DWv and from run B24PDW for DWH.  
5. Total stress intensity is obtained from summation of individual run results, except for (a) the stresses resulting from 

the combination of thermal with grapple pull loads and thermal with ram push loads, which are combined within the 
finite element analyses, (b) stresses in the shell for load cases UL-3, UL-4, and UL-5, which determine a stress 
intensities based on combined component stresses, and (c) stresses in the outer bottom cover plate for load case UL
5, which determines a stress intensity based on combined component stresses.  

6. Additional membrane stress due to missing (upper) portion of shell (hand calc) is added by hand.  
7. Per Reference 10, thermal data is not available for the 00 ambient cases. Therefore, data for the -40* ambient cases 

are used instead because they use higher thermal gradients.  
8. Because there are no thermal loads for Load Combinations FL-1, FL-2, and FL-3, primary + secondary stresses are 

not limiting and therefore, are not evaluated.
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SUMMARY

For the controlling load combinations, stress results for each component of the FO-DSC shell 
assembly are summarized in Table 10-1 through Table 10-11. Weld stress results are summarized in 
Table 10-12 through Table 10-20. The maximum stress ratio is 0.97. This occurs in the bottom half 
of the shell for Load combination UL-5 (Accident Unloading, Level C).

From Section 9.2.4, the maximum bearing stress ratio is 0.31 which results from the ram compression 
load combination. From Section 9.2.5, the maximum FO-DSC shell stability stress ratio is 0.64 and 
is the result of axial stress due to the 60g end drop.  

Additionally, the DSC is suitable for storing Greater Than Class C (GTCC) waste provided that a 3/4" 
thick shell (minimum) which assures uniform loading on the canister lines the FO-DSC shell and that 
the maximum gross weight of the DSC and its components does not exceed 82,000 lbs.  

Shell Stresses due to Spacer Discs 

Shell stresses in the region of the spaicer discs are determined in Reference 8 for horizontal 
deadweight and side drops. The following maximum stresses are reported in Reference 8:

Deadweight, DW: membrane = 
membrane + bending =

DW + 20 psi: 

75g Drop:

membrane = 
membrane + bending = 

membrane = 
membrane + bending =

75g Drop + 20 psi: membrane = 

membrane + bending =

0.91 ksi 
3.57 ksi 
2.00 ksi 
4.66 ksi 
28.7 ksi 
33.1 ksi 
29.8 ksi 
34.2 ksi

(18.50 Drop) 
(18.50 Drop) 

(18.50 Drop) 
(18.50 Drop)

The above deadweight + operating pressure stresses are enveloped by the top-half cylindrical shell 
results summarized in Table 10-1 for Load Combinations TL-3, TL-4, and HSM-3. Therefore, for all 
other combinations, except HSM-13, that include deadweight and 20 psi internal pressure, the top
half shell results computed herein envelop stresses in the region of the spacer discs. Stresses for Load 
Combination HSM-13 are maximum when deadweight and external pressure are combined assuming 
the internal pressure is zero. From Table 9-5, the membrane + bending stress due to horizontal 
deadweight is 3.00 ksi in the top-half of the shell, which is 1.99 ksi less than the above 4.66 ksi 
deadweight stress in the region of the spacer disc. Conservatively adding the 1.99 ksi difference to 
the Load Combination HSM- 13 stress, the maximum membrane + bending stress becomes

5.87+1.99 = 7.86 ksi < 30.0 ksi (ratio = 0.26)

The above membrane + bending stress due to deadweight + pressure in the region of the spacer discs A 
(4.66 ksi) exceeds the corresponding stress values summarized in Table 10-6 bottom of the top-half of 
the cylindrical shell (4.45 ksi) by 0.21 ksi. Of the load combinations potentially affected by the

•it/iilL--•l/ll/illll l IVll 11¥1 S0 S....y
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higher deadweight + pressure stress, the combination listed below is most affected by the stress 

increase.  

Service Level A/B Combination TR-3: 7.55+0.21 = 7.76 ksi < 25.0 ksi (ratio = 0.31) 

The membrane stresses and the membrane + bending stress for the side drop are higher in the region 

of the spacer disc than both the membrane and membrane + bending stresses predicted by ANSYS.  

Thus, Table 10-1 and Table 10-6 are updated for the controlling stresses (Pm = 29.8 ksi and 

PL+Pb = 34.2 ksi).  

Seismic Stresses 

Seismic stresses on cover plate are scaled from the Ig vertical deadweight up to 6gs. These results 

are summarized in the SAR Table Appendix D (Table D-2).
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Table 10-1 Controlling Load Combination Stress Results for Cylindrical Shell (Top Half) 

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress Ratio _ _ _ _ _ _ (kel) (kal) 

Pa DWv + Pks,2o) + PE 1.24 18.0 0.07 
DD-1 B PL+Pb DWv + Pwis.2% + PEM N/A N/A N/A 

PL+PFb+Q DWv + Pjso + Pwas + THs N/A N/A N/A 
P. DWV + P9(4.7 1.35 18.0 0.07 

DD-2 B PL+Pb DWv + PI(j4 .l7 N/A N/A N/A 
PL+Pb+Q DWv + PI, .-+ THo 25.1 54.0 0.46 

SP. DWv + P,, 2) + P MOsS 0.31 18.0 0.02 
DD-3 B PL+Pb DWv + Pa12) + PCS N/A N/A N/A 

PL+Pb+Q DWv + PIo,• + PE•OI- + TH, 24. 1 54.0 0.45 
PM DWv + Pis) + P•M) 0.13 18.0 0.01 

DD-4 B PL+Pb DWv + Pws) + PWs) N/A N/A N/A 
PL+Pb+Q DWv + Pis + PEtw) + TH, 23.9 54.0 0.44 

P. DWv + P,11 o0  1.85 16.7 0.1 
TL-2 A PL+Pb DWv + Po0 ) 4.79 25.0 0.19 

PL+Pb+Q DWv + Poo) + TH, 15.38 50.1 0.31 
PM DWH + Pi(o) 4.28 16.7 0.26 

TL-3 A PL+Pb DWH + P,•oo) 7.44 25.0 0.30 
PL+Pb+Q DWH + Pio(o) + TH7  17.76 50.1 0.35 

P,. DWH + PPo) 4.28 16.7 0.26 
TL-4 A PL+Pb DWH + Plum 7.44 25.0 0.30 

PL+Pb+ý DWH + PiIo) + THs 15.64 50.1 0.31 
P. DWH + PJ0,o + 1g Axial 4.93 16.7 0.30 

TR-1 A PL+Pb DWH + P1(10) + Ig Axial 8.49 25.0 0.34 
PL+Pb+Q DWH + Pio) + I gAxial + TH7  18.92 50.1 0.38 

Pm DWH + P)(10 + 1 gTrans. 5.35 16.7 0.32 
TR-2 A PL+Pb DWH + Pqj(o) + Ilg Trans. 8.68 25.0 0.35 

PL+Pb+Q DWm + PI,•o)+ 1gTrans +TH7  18.90 50.1 0.38 
P. DWH + PPI) + 1g Vert. 6.86 16.7 0.41 

TR-3 A PL+Pb DWH + P1,o) + I g Vert. 10.44 25.0 0.42 
PL+Pb+Q DW. + Poo) + I Ig Vert. + TH7  20.51 50.1 0.41 

P. DW. + Pso) + ½g X. Y, Z 6.10 16.7 0.37 
TR-4 A PL+Pb DWM + Paoo + ½%g X. Y, Z 9.71 25.0 0.39 

PL+Pb+Q DWm + PK,o) + ft: X,Y,Z + TH7 19.94 50.1 0.40 
P. DWH + Poo) + Ig Axial 4.93 16.7 0.30 

TR-5 A PL+Pb DWH + Pjjo) + Ig Axial 8.49 25.0 0.34 
1 PL+Pb+Q DWH+ PKio + I gAxial + THs 16.80 50.1 0.34 

P. DWH + PIjo) + I gTrans. 5.35 16.7 0.32 
TR-6 A PL+Pb DWH + Puo) + t1g Trans. 8.68 25.0 0.35 

PL+Pb+OQ DWH+ Pto), + lIg Trans + TH1 16.78 50.1 0.33 
P. DWH + Pbo) + Ig Vert. 6.86 16.7 0.41 

TR-7 A PL+Pb DWm + PMIo) + I g Vert. 10.44 25.0 0.42 
1 PL+Pb+Q DWH + Pio) + Ig Vert. + TH, 18.39 50.1 0.37 

P. DWH + Po + ½%g X, Y, Z 6.10 16.7 0.37 
TR-8 A PL+Pb DWH + P,(1) + ½f X. Y, Z 9.71 25.0 0.39 

P+Pb+&Q DWH + P•o•) + ftg X,YZ + T-, 17.82 50.1 0.36 
TR-9 D P, Po + 601t BED 9.16 40.0 0.23 1- -D PL+Pb Pm + 60g BED 21.62 60.1 0.36

`11ý
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Stress Allowable 
Load Service Stress Loads Intensity Stress Ratio 

Comb. Level Category (kal) (ksi) 

- - Pa Pit + 75g SD (elastic/plasti) 29.8" 50.2 0.59 

TR-I0 D PL+Pb PI(2M + 75g SD (elastic/dp•astic) 38.2 64.6 0.59 

Ps DWH + PI20) 12.9 16.7 0.77 

HSM-3 B PL+Pb DWH + PMo• 19.4 25.0 0.78 

PL+Pb+Q DW% + Pxw + TH is 29.7 50.1 0.59 

P. DW. + PiM 12.9 16.7 0.77 

HSM-4 B PL+Pb DWH + PRM 19.4 25.0 0.78 

1 PL+Pb+Q DWM + PKM + TH,6 31.2 50.1 0.62 

HSM-10 D PM DW% + Pxao) + Seismic 10.2 43.2 0.24 

PO DWM + Pio 12.8 50.2 0.25 

HSM- I I D PL+Pb DWH + PX6M 29.6 64.6 0.46 

P. DW + flood 4.16 20.0 0.21 
HSM-13 C PL+Pb DW. + Flood 5.87 30.0 0.20 

- -

* Stress in region of spacer discs, per Reference 5
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Table 10-2 - Controlling Load Combination Stress Results for Outer Top Cover Plate 

Load Service Stress Stress Allowable Stress Comb. Level Category Loads Intensity Stress I (ksi) (ksi) Ratio 
Ps DWv + P~loo 1.33 16.7 0.08 

TL-2 A PL+Pb DWv + Pgo) 4.12 25.0 0.16 
PL+PbFQ DWv + Picto) + THs 13.3 50.1 0.26 

PM DWH + Poo) 2.45 16.7 0.15 
TL-3 A PL+Pb DWH + PRlum 5.81 25.0 0.23 

1 PL+Pb+Q DWH + P1o0) + TH7  14.4 50.1 0.29 
P. DWH + PRIO) 2.45 16.7 0.15 

TL-4 A PL+Pb DWH + PIo(o 5.81 25.0 0.23 
PL+Pb+Q DWH + P410) + THa 11.7 50.1 0.23 

P. DWH + P1o1) + I gAxial 2.61 16.7 0.16 
TR-1 A PL+Pb DWH + Prno) + I g Axial 6.19 25.0 0.25 

PL+Pb+Q DWH + Pino) + I1 Axial + TH7  14.8 50.1 0.29 
P3  DWm + PkIo) + I gTrans. 2.92 16.7 0.17 

TR-2 A PL.+Pb DWH + P1o() + Ig Trans. 6.52 25.0 0.26 
PL+Pb+Q DWm + PiOm + I gTrans + TH7  14.9 50.1 0.30 

P. DWH + Pgto) + I gVert. 3.59 16.7 0.21 
TR-3 A PL+Pb DW. + PI(jo) + Ig Vert. 7.53 25.0 0.30 

1 PL+Pb+Q DWH + Plo0) + I g Vert. + TH7  15.6 50.1 0.31 
P3  DWN + P(to) + ½g X, Y, Z 3.19 16.7 0.19 

TR-4 A PL+Pb DW, + PRIO) + ½8 X, Y, Z 7.00 25.0 0.28 
PL+Pb+Q DW% + P11o) + %g X.Y.Z + TH7  15.3 50.1 0.31 

P. DWm + Pg~oi + 1g Axial 2.61 16.7 0.16 
TR-5 A PL+Pb DWm + Puio) + I gAxial 6.19 25.0 0.25 

PL+Pb+Q DWH + P(io) + I gAxial + TH* 12.1 50.1 0.24 
P. DWH + P(,G) + Ig Trans. 2.92 16.7 0.17 

TR-6 A PL+Pb DWH + PKIo) + Ig Trans. 6.52 25.0 0.26 
PL+Pb+Q DWH + Pino) + I g Trans + THt 12.2 50.1 0.24 

P. DWH + PtIo) + 1 gVert. 3.59 16.7 0.21 
TR-7 A PL+Pb DWH + Pino) + Ig Vert. 7.53 25.0 0.30 

PL+Pb+Q DWH + PaoG) + Ig Vert. + THi 12.9 50.1 0.26 
P. DWH + PIo) + ½A X, Y, Z 3.19 16.7 0.19 

TR-8 A PL+Pb DW, + PInor + ½%g X. Y, Z 7.00 25.0 0.28 
PL+Pb+Q DWH +. +P•o + ½'g X.Y,Z + THs 12.6 50.1 0.25 

TR-9 D IRS PPm + 60g BED 1.14 40.0 0.03 
i•.P+1 Pm + 60g BED 1.77 60.1 0.03 

TR-10 D P. Pk=a + 75g SD (elastic/plastic) 35.40 50.2 0.71 
PD+Pb PMao, + 75g SD (elastic/plastic) 52.10 64.6 0.81 

P., DWH + Pi- 4.46 16.7 0.27 
HSM-3 B PE.+Pb DWH + PM 15.7' 25.0 0.63 

PL+Pb+Q DWH + PKIG +THis 15.7" 50.1 0.31 
P. DWH + Pm 4.46 16.7 0.27 

HSM-4 B PL+Pb DWH + PM 15.7" 25.0 0.63 
PL+Pb+Q DWH + PI + TH16  15.7' 50.1 0.31 

P. DWH + P(M 8.98 50.2 0.18 .HSM- 11 D P+b D HP~___ 
P _+P _ DW_ + P_ __ 47.2" 60.1 0.79 

HSM-13P. DW e. Flood 1.34 20.0 0.07 PL+Pb DWH + Flood 2.19 30.0 0.07 

"Stresses based on results listed in Table 8-9 for pressure applied to the outer pressure boundary.
A

I
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Table 10-3 Controllina Load Combination Stress Results for Inner Top Cover Plate

Stress Allowable Stress 
Load Service Stress Loads Intensity Stress 

Comb. Level Category (ksi) (ksi) Ratio 

Pm DWv + P;rns.2a) + PE(xs) N/A N/A N/A 

DD-1 B PL+Pb DWv + P,(Hs)w) + PEals) 19.1 27.0 0.71 

r PL+Pb+Q DWv + PI(Hs,2oM + PE•ls) + THs 42.9 54.0 0.79 

P. DWv + PIn 4.7 N/A N/A N/A 

DD-2 B PL+Pb DWv + P1(i4.m N/A N/A N/A 

_PL+Pb' DWv + P1i,.7+ Tils N/A N/A N/A 
P, DWv + Pigz + Peas) N/A N/A N/A 

DD-3 B PL+Pb DWv + Pi2)a +Ps) 11.4 27.0 0.42 

PL+Pb+Q DWv + P112) + Pr=Is) + TIll 35.2 54.0 0.65 

P. DWv + Pig) + Pewms) N/A N/A N/A 

DD-4 B PL+Pb DWv + Pis) + Pnus, 4.8 27.0 0.18 

PL+Pb+Q DWv + Pi(s) + PEIls) + THs 28.6 54.0 0.53 

P. DWv + Phoo 0.44 16.7 0.03 

TL-2 A PL+Pb DWv + PNio) 3.97 25.0 0.16 
PL+Pb+Q DWv + P1I( o1 + TH, 12.8 50.1 0.25 

P. DWH + PRIM 1.02 16.7 0.06 

TL-3 A PL+Pb DW1 + PN~o) 5.62 25.0 0.22 

PL+Pb+Q DWH + P (IMo + TH7  13.2 50.1 0.26 

P. DWH + Pig% 1.02 16.7 0.06 

TL-4 A PL+Pb DWH + P~io 5.62 25.0 0.22 

PL+Pb+Q DWH + P(IO) + TH, 14.4 50.1 0.29 

P, DWH + Pg(o). + 19 Axial 2.68 16.7 0.16 

TR-1 A PL+Pb DWH + Px1i) + I K Axial 7.46 25.0 0.30 

PL+Pb+Q DWH + PHto) + 19 Axial + TH7 15.1 50.1 0.30 

P DWH + PIo + Is Trans. 1.26 16.7 0.08 

TR-2 A PL+Pb DWH + P10o) + 1 Trans. 6.31 25.0 0.25 

PL+Pb+Q DWH + P1X) + 1g Trans + TH7  13.9 50.1 0.28 

P. DWH + PNo) + I iVert. 1.61 16.7 0.10 

TR-3 A PL+Pb DWH + P10o0) + Ig Vert. 7.30 25.0 0.29 

PL+Pb+Q DWH + P100) + 1g Vert. + TH7  14.8 50.1 0.30 

P. DWm + Pto) + ½ig X, Y, Z 2.19 16.7 0.13 

TR-4 A PL+Pb DWm + P, 0o) + ½% X, Y, Z 7.51 25.0 0.30 

PL+Pb+Q DWH + P10o) + ½g X.YZ + TH7 15.1 50.1 0.30 

P. DW + Pino) + 19 Axial 2.68 16.7 0.16 

TR-5 A PL+Pb DWH + Pqbo) + 1g Axial 7.46 25.0 0.30 

PL+Pb+Q DWH + P1 •o) + Ig Axial + TH, 16.2 50.1 0.32 

P. DWH + P10o) + Ii Trans. 1.26 16.7 0.08 

TR-6 A PL+Pb DWH + PIao) +I I Trans. 6.31 25.0 0.25 

PL+Pb+Q DWW + Pao)+ IgTrans +Ths 15.1 50.1 0.30 

P. DWH + P1 )o) + Ii Vert. 1.61 16.7 0.10 

TR-7 A PL+Pb DWi + Pjflo) + Ig Vert. 7.30 25.0 0.29 

PL+Pb+Q DWH + P00). + I g Vert. + TH- 16.0 50.1 0.32 

P. DW + Pto) + ft X, Y, Z 2.19 16.7 0.13 

TR-8 A PL+Pb DWH + PRIM + %9 X, Y, Z 7.51 25.0 0.30 

PL+Pb+Q DWH + PHio) + ft X,YZ + THS 16.3 50.1 0.32 

P. PM + 60g BED 1.14 40.0 0.03 
TR-9 D PL+Pb PM= + 601 BED 1.99 60.1 0.03 Ii

I
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Load Service Stress Stress Allowable 
Comb. Level Category Loads Intensity Stress Stio (ksi) (ksi) Ratio 
TR-10 D Pm Ptzo) + 75g SD (elastic/plastic) 25.28 50.2 0.50 PL+Pb Pt(o) + 75g SD (elastic/plastic) 41.82 64.6 0.65 

P. DWi + PIM) 2.05 16.7 0.12 
HSM-3 B PL+Pb DWH + PIm 7.96 25.0 0.32 

PL+Pb+Q DWH + Px•0 + THis 11.7 50.-1 0.23 
PM DWH+ Pm 2.05 16.7 0.12 

HSM-4 B PL+Pb DW .+ Plmw) 7.96 25.0 0.32 
PL+Pb+Q DWH+Pm+THi6 11.04 50.1 0.22 

HSM-10 D Pm DWH + Pxm0 + Seismic 10.2 50.2 0.20 
Pa DWH+ PK• 3.17 50.2 0.06 

HSM-1 1 D PL+Pb DWH + PxG 25.3 64.6 0.39 

P. DW. + Food 0.22 20.0 0.01 HSM-13 C P- DWH +0 & -PL+Pb D% + Flood 1 0.50 30.0 10.02

A
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Table 10-4 Controlling Load Combination Stress Results for Top Shield Plug 
Stress Allowable Stress Load Service Stress LasItniy Srs 

Comb. Level Category Loads Intensity Stress Ratio 
________ ____________________ (ksi) (ksi) Rai 

P, DWv + PIlum 0.02 17.4 0.00 

TL-2 A PL+Pb DWv + P5o10) 0.06 26.1 0.00 

_P,+P+Q DWv + Pio) + THs 0.06 52.2 0.00 

Pa, DWH + P•Io• 0.24 17.4 0.01 

TL-3 A PL+Pb DWH + PRio 0.40 26.1 0.02 

PL+Pb+Q DWH + Pio) + TH7  0.40 52.2 0.01 

P. DWH + PKxi 0.24 17.4 0.01 

TL-4 A PL+Pb DWH + PRnoI 0.40 26.1 0.02 

PL+P-+Q DWH + PRioI + TH, 0.40 52.2 0.01 

P. DWH. + P,•o + Ii Axial 0.41 17.4 0.02 

TR-1 A PL+Pb DWH + PIm + Iit Axial 0.82 26.1 0.03 

PL+Pb+Q DWi + P(jo) + Ix Axial + TH7  0.82 52.2 0.02 

P. DWH + P,,1o1 + I iTrans. 0.34 17.4 0.02 

TR-2 A PL+PR DWH + PRIMo + 1g Trans. 0.56 26.1 0.02 

PL+Pb+Q DWH + PRIWo + I it Trans + TH7  0.56 52.2 0.01 

P. DWH + PKo) + Ig Vert. 0.49 17.4 0.03 

TR-3 A PL+Pb DWH + Po10) + I g Vert. 0.80 26.1 0.03 

PL+Pb+Q DW. + Pig% + Ii Vert. + TH7  0.80 52.2 0.02 

P. DWH + Pijoi + ½%i X, Y, Z 0.47 17.4 0.03 

TR-4 A PL+Pb DWH + PRIo) + Va X, Y, Z 0.84 26.1 0.03 

PL+P'+Q DWH + PKI• + ½g X,YZ + TH7  0.84 52.2 0.02 

P. DWH + P,(1o) + Ii Axial 0.41 17.4 0.02 

TR-5 A PL+Pb DWH + PRlo) + I g Axial 0.82 26.1 0.03 

PL+Pb+Q DWH + PRIoM + 1g Axial + THS 0.82 52.2 0.02 

P. DWH + PxIoP + I g Trans. 0.34 17.4 0.02 

TR-6 A PL+Pb DW, + PRIom + I i Trans. 0.56 26.1 0.02 
PL+Pb+Q DWH + PR0o) + Ig Trans + TH, 0.56 52.2 0.01 

P. DWH + P100) + Ig Vert. 0.49 17.4 0.03 

TR-7 A PL+PR DWH + PRIM + 18 Vert. 0.80 26.1 0.03 

PL+Pb+Q DWH + PK1() + I g Vert. + THi 0.80 52.2 0.02 

P. DWN + PRno) + ½8 X, Y, Z 0.47 17.4 0.03 

TR-8 A PL+Pb DWH + P,00) + ½8 X, Y. Z 0.84 26.1 0.03 

PL+Pb+Q DWH + P10o) + %fg X.Y.Z + TI! 0.84 52.2 0.02 

PM PM + 60g BED 1.49 40.6 0.04 

TR-9 D pPL+Pg Pm + 60g BED 3.88 58.0 0.07 

TR-10 D M P-m + 75g SD (elastic/plastic) 22.12 40.6 0.54 

TR-10 D PL+Pb PtmI + 75g SD (elastic/plastic) 37.71 52.2 0.72 

P. DW. + Px= 0.24 17.4 0.01 

HSM-3 B PL+Pb DWH + PiaM 0.40 26.1 0.02 

PL+Pb+Q DWH + Pmom + THi 0.40 52.2 0.01 

P. DWm + Pkio) 0.24 17.4 0.01 

HSM-4 B PL+Pb DWH + PM 0.40 26.1 0.02 

PL+pb+Q DWH + PI' + TH,, 0.40 52.2 0.01 

P.s DWH + PKiM 0.24 40.6 0.01 

HSM-1 1 D PL+Pb DWH + Pj(" 0.40 58.0 0.01 

PM DWt + Flood 0.41 20.0 0.02 
HSM-13 PL+P, DWH + Flood 0.90 30.0 0.03

I I
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Table 10-5 Controlling Load Combination Stress Results for Support Ring 

Load Service Stress Stress Allowable Stress Comb. Level Category Loads Intensity Stress Ratio (ksi) (ksi) 

PM DWv + Pi•jo1  0.63 16.7 0.04 
TL-2 A PL+Pb DWv + Plum 0.74 25.0 0.03 

PL+Pb+Q DWv + Pilo) + THt 4.45 50.1 0.09 
Pm DWH + PIo() 0.74 16.7 0.04 

TL-3 A PL+Pb DW. + PS,10o 0.80 25.0 0.03 
PL+Pb+Q DWH + P1()o) + TH7  4.50 50.1 0.09 

P. DWH + P1,10) 0.74 16.7 0.04 
TL-4 A PL+Pb DWH + P1 ,o0  0.80 25.0 0.03 

PL+Pb+NQ DWH + Psio, + THs 3.16 50.1 0.06 
P. DWm + P(bo) + gAxial 1.05 16.7 0.06 

TR-1 A PL+Pb DWH + P10 o0 + t Ig Axial 1.13 25.0 0.05 
I PL+Pb+Q DWH + PIQo) + Io gAxial + TH7  4.83 50.1 0.10 

P. DWH + Pimo0 + I Trans. 0.83 16.7 0.05 
TR-2 A PL+Pb DW, + P,01 o) + I g Trans. 0.90 25.0 0.04 

PL+Pb+Q DWH + PI0 o) + I g Trans + TH7  4.59 50.1 0.09 
P3  DWH + PIQo) + II Vert. 0.95 16.7 0.06 

TR-3 A PL+Pb DWH + PKi1i + Igvaet. 1.03 25.0 0.04 
PL+Pb+Q DWH + P1(10) + Ig Vert. + TH7  4.73 50.1 0.09 

PM DWH + P1o(10 + %9 X, Y, Z 1.01 16.7 0.06 
TR-4 A PL+Pb DWH + Pko) + %g X, Y, Z 1.10 25.0 0.04 

PL+Pb+Q DWH + Ptoo) + Y X,YZ + TH? 4.80 50.1 0.10 
P. DWH + Ptj) + Ig Axial 1.05 16.7 0.06 

TR-5 A PL+Pb DWH + Ptjol + I g Axial 1.13 25.0 0.05 
PL+PwtQ DWH + Pkxe + I gAxial + THs 3.50 50.1 0.07 

P. DWH + Ps(jo) + Ig Trans. 0.83 16.7 0.05 
TR-6 A PL+Pb DWH + PileM + I g Trans. 0.90 25.0 0.04 

PL+Pb+Q DWH +Pm + I g Trans +T-TH 3.26 50.1 0.07 
P. DWH + Pj Io) + I g Vert. 0.95 16.7 0.06 

TR-7 A PL+Pb DWH + P101o0 + Ig Vert. 1.03 25.0 0.04 
PL+Pb+Q DWH + Pgo) + I g Vert. + Tl-, 3.39 50.1 0.07 

P. DWH + Pio() + ½• X, Y, Z 1.01 16.7 0.06 
TR-8 A PL+Pb DWH + Po) + %g X, Y, Z 1.10 25.0 0.04 

PL+Pb+Q DWH + PIo + ½%g XY,Z + TH& 3.46 50.1 0.07 
TR-9 D P. Pm + 60g BED 6.12 40.0 0.15 

PL+Pb Pm + 60g BED 10.60 60.1 0.18 
TR-10 D PI PMM + 75g SD (elastic/plastic) 5.32 50.2 0.11 

PL+Pb Pm + 75g SD (elastic/plastic) 9.90 64.6 0.15 
P. DWH + PI() 1.19 16.7 0.07 

HSM-3 B PL+Pb DWH + PWM) 1.35 25.0 0.05 
PL+Pb+Q DWH + Pa + THis 3.76 50.1 0.08 

P. DWH+ PvaO 1.19 16.7 0.07 
HSM-4 B PL+Pb DWH + PK2o 1.35 25.0 0.05 

I PL+Pb+Q DWH + PXO + TH16 3.18 50.1 0.06 

HSM-1I D P. DWH + Pk6o 3.40 40.6 0.08 
PL+Pg DWH + PlcO) 3.62 58.0 0.06 

HSM-13 C P. DWH + Hood 1.58 20.0 0.08 PL+Pb DW. + Flood 2.17 30.0 0.07

K

____j
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Table 10-6 Controlling Load Combination Stress Results for Shell .(Bottom Half) 

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress 

C_.LvCtgr _______________(ksi) (ksi) Ratio 
P. PE(14.7)+ 155k Axial 8.23 27.0 0.30 

NO-1 Test PL+Pb PW14.1+ 155k Axial 17.82 40.5 0.44 

r PL+Pb+Q N/A N/A N/A N/A 

P. DWv+ P.ws 1.53 16.7 0.09 

FL-1 A PL+Pb DWv+ Pms) 3.07 25.0 0.12 

PL+Pb+Q N/A N/A N/A N/A 

P. DWv + Pks.M2M + PMs 1.24 18.0 0.07 

DD-1 B PL+Pb DWv + Pxml2m + Pm) N/A N/A N/A 

PL+Pb+Q DWv + P1us.= + PEOMs) + THs N/A N/A N/A 

P. DWv + Pm(1.. 1.35 18.0 0.07 

DD-2 B PL+Pb DWv + P10 4.7) N/A N/A N/A 

PL+Pb+Q DWv + P1( 14 .)+ THe 25.1 54.0 0.47 

P. DWv + P,(12 + PEas) 0.31 18.0 0.02 

DD-3 B PL+Pb DWv + Pm12, + Pams, N/A N/A N/A 

PL+Pb+Q DWv + P,1) + P•ns) + THs 24.1 54.0 0.45 

P. DWv + Pns) + Peas 0.13 18.0 0.01 

DD-4 B PL+Pb DWv + P(s) + P3 ..2  N/A N/A N/A 

PL+Pb+Q DWv + P1(s) + PF•s, + T-H 23.9 54.0 0.44 

PM DWv + PsIo) 0.78 16.7 0.05 

TL-2 A PL+Pb DWv + PX( o) 1.70 25.0 0.07 

PL+Pb+Q DWv + Pe10 ) + TH, 23.8 50.1 0.47 

P. DWx + PrIo, 3.19 16.7 0.19 

TL-3 A PL+Pb DWH + P1 1,o) 4.45 25.0 0.18 

PL+Pb+Q DWH + Pr(Io) + TH7  26.3 50.1 0.52 

P. DWH + P10o) 3.19 16.7 0.19 

TL-4 A PL+Pb DWm + Pro, 4.45 25.0 0.18 

PL+Pb+Q DWN + P0 o) + THs 20.4 50.1 0.41 

P. DWH + P100) + Ig Axial 4.03 16.7 0.24 

TR-i A PL+Nb DWH + Pi(ne + Ig Axial 7.18 25.0 0.29 

I PL+P,4Q DWH + P1(o) + Ig Axial + TH7 29.1 50.1 0.58 

P. DWm + P1(o) + Ig Trans. 4.26 16.7 0.25 

TR-2 A PL+Pb DW, + P1(jo) + Ig Trans. 5.73 25.0 0.23 

PL+Pb+Q DWH + P,0 o, + Ig Trans + TH7  27.4 50.1 0.55 

P. DWH + PI(o) + IS Vert. 5.76 16.7 0.34 

TR-3 A PL+P, DWH + PI(Io) + 1 g Vert. 7.55 25.0 0.30 

PL+Pb+Q DWH + P,,o,) + Ig Vert. + TH7 29.1 50.1 0.58 

P. DW + P100o) + ft X, Y, Z 5.10 16.7 0.31 

TR-4 A PL+Pb DWH + PJ(o, + %g X, Y, Z 7.61 25.0 0.30 

PL+Pb+Q DW, + P1(j) + ½Ag X,Y,Z + TH7  29.3 50.1 0.58 

P. DWH + P1(o) + Ig Axial 4.03 16.7 0.24 

TR-5 A PL+Pb DW + PmRIM + Ig"Axial 7.18 25.0 0.29 

PL+Pb+Q DW, + P141o, + I g Axial + THs 23.3 50.1 0.46

1
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Calcuati nShee

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity .Stress Ratio (ksi) (ksi) Ratio 

Pm DW, + P,(10) + Ig Trans. 4.26 16.7 0.25 
TR-6 A PL+Pb DWH + PR Io) + I g Trans. 5.73 25.0 0.23 

r PL+Pb+Q DWH + P(0o) + 1g Trans + TH* 21.6 50.1 0.43 
Pm DWH + Pkjo) + Ig Vert. 5.76 16.7 0.34 

TR-7 A PL+Pb DWH + PIom + I g Vert. 7.55 25.0 0.30 
PL+Pb+Q DWs + P10o) + I g Vert. + THs 23.2 50.1 0.46 

Pm DWH + PIie) + ½g X, Y, Z 5.10 16.7 0.31 
TR-8 A PL+Pb DWH + PRlo) + ½g X. Y, Z 7.61 25.0 0.30 

PL+Pb+Q DWH + PF(io) + ½g X,YZ + THl 23.5 50. 1 0.47 

Pm Pl(,o) + 75g SD (elastic/plastic) 29.8 50.2 0.59 Pu+Pb P,(mo) + 75g SD (elastic/plastic) 43.3 64.6 0.67 
TR- 12 D P* Pio) + 60g TED 10.9 40.0 0.27 

_PL+Pb P1(2 ) + 60g TED 24.2 60.1 0.40 
PM DWH + PI(2m + 80k Ram 6.48 16.7 0.39 

LD-3 B PL+Pb DWN + P 12o) + 80k Ram 8.22 25.0 0.33 
PL+Pb+Q DWH + Pi2o + 80k Ram + TH7  29.2 50.1 0.58 

Pm DWH + Pi2 + 80k Ram 6.48 16.7 0.39 
LD-4 B PL+Pb DWm + Po2 + 80k Ram 8.22 25.0 0.33 

PL+Pb+Q DWH + PMO) + 80k Ram + T11 23.4 50.1 0.47 
P. DWH + PRM 3.82 16.7 0.23 

HSM-3 B PL+Pb DWH + Pu2o) 5.79 25.0 0.23 
PL.+Pb+Q DWH + Pjo2 + THIs 14.6 50.1 0.29 

P_ DWx + P(2o) 3.82 16.7 0.23 
HSM-4 B PL+Pb DWH + PWM) 5.79 25.0 0.23 

PL+Pb+Q DWH + Pk2 + TH2 16.2 50.1 0.32 
HSM-l0 D P. DWH + P.() + Seismic 10.2 43.2 0.24 

HSM- I D _ _ DWH + PI(o) 6.34 40.0 0.16 
PL+Pb DWH + PIMO 11.17 60.1 0.19 

HSM-13 P. DWH + Flood 3.95 20.0 0.20 
PL+Pb DWn + Flood 5.82 30.0 0.19 

P. DWH + PM~o1 + 60k Grapple 17.1 20.0"(4) 0.86 
UL-3 B PL+Pb DWH + PIz2 + 60k Grapple 24.3 30.0(4) 0.81 

PL+Pb+Q DWn + Pklo + 60k Grap + This 26.4 60.00) 0.44 
P. DWH + Pimo + 60k Grapple 17.1 18.6().14) 0.92 

UL-4 B PL+Pb DWH + Piqo 1 + 60k Grapple 24.3 27.9().(4) 0.87 
PL+Pb+Q DWH + Pima + 60k Grap + TH16 30.5 55.9() 0.55 

P. DWH + PM2o + 80k Grapple 22.5 23.23)-(4) 0.97 
______ PL+Pb DWH + Pao1 + 80k Grapple 31.8 34.7°3) 0.92

SI
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Notes: 
1. Allowable stress evaluated at 300 OF.  
2. Allowable stress evaluated at 450 OF.  
3. Allowable stress evaluated at 400 OF.  
4. Stress intensity based on sum of stress components from ANSYS runs.
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Table 10-7 Controlling Load Combination Stress Results for Outer Bottom Cover Plate 

Load Service Stress Stress Aowabless Comb. Level Category Loads Intensity Stress Ratios 
Comb._LevelCategory_ (ksi) (ksi) Ratio 

P. Pw,4.7+ 155k Axial N/A N/A N/A 
NO-I Test PL+Pb Pl 4.7)+ 155k Axial N/A N/A N/A 

PL+Pb+Q N/A N/A N/A N/A 
P. DWv+ PE=) 0.30 16.7 0.02 

FL-I A PL+Pb DWv+ Pams) 0.47 25.0 0.02 
PL+Pb+Q N/A N/A N/A N/A 

P. DWv + P,1 o) 0.62 16.7 0.04 
TL-2 A PL+Pb DWv + P,(Io) 1.07 25.0 0.04 

PL+Pb+Q DWv + Pj 0o) + THs 20.5 50.1 0.41 
P. DWH + P1(1) 1.31 16.7 0.08 

TL-3 A PL+Pb DWH + P1(1o) 2.24 25.0 0.09 
PL+Pb+Q DWH.+ P ,jo) + Th 7  21.6 50.1 0.43 

P. DW. + Ps(o) 1.31 16.7 0.08 
TL-4 A PL+Pb DWH + Plo0 ) 2.24 25.0 0.09 

PL+Pb+Q DWH + P1(Io) + THe 16.0 50.1 0.32 
P. DWH + PI(o) + lg Axial 2.58 16.7 0.15 

TR-1 A PL+Pb DWH + P(o) + Ig Axial 4.42 25.0 0.18 
PL+Pb+Q DWH + Pi(w) + I g Axial + TH7  23.5 50.1 0.47 

P. DWH+ PI(lo) + I gTrans. 1.60 16.7 0.10 
TR-2 A PL+Pb DWH+ PI(o•) + Ig Trans. 2.73 25.0 0.11 

PL+Pb+Q DWH+ Pi(o% + I g Trans + TH 22.1 50.1 0.44 
P. DWH+ P,(io) + Ig Vert. 2.01 16.7 0.12 

TR-3 A PL+Pb DWH + P1( o) + I g Vert. 3.42 25.0 0.14 
PL+Pb+Q DWH + Pi(e) + I g Vert. + TH7  22.7 50.1 0.45 

P. DWH+ PI(o) + g X, Y, Z 2.35 16.7 0.14 
TR-4 A P+Pb DWH + P(o) + g X, Y, Z 4.01 25.0 0.16 

PL+Pb+Q DWH.+ Pawo) + %g X,Y,Z + TH7  23.2 50.1 0.46 
P. DWH+ PI(•o) + I gAxial 2.58 16.7 0.15 

TR-5 A PL+Pb DWH + Pj(o) + I g Axial 4.42 25.0 0.18 
PL+Pb.oQ DWH + PI(Io) + I g Axial + THa 17.9 50.1 0.36 

P. DWH + P1(1) + Ig Trans. 1.60 16.7 0.10 
TR-6 A PL+Pb DWH + P1)jo) + I g Trans. 2.73 25.0 0.11 

PL+Pb+Q DWH + P1a(1 ) + Ig Trans + THs 16.5 50.1 0.33 
P- DWH+ PI(Io) + Ig Vert. 2.01 16.7 0.12 

TR-7 A PL+Pb DWH .+Pf( 0) + I g Vert. 3.42 25.0 0.14 
PL+Pb+Q DWH+PIo)+ Ig Vert. +Th, 17.1 50.1 0.34 

P. DWn + Pj1 to) + hg X, Y, Z 2.35 16.7 0.14 
TR-8 A PL+Pb DWH+ Pllo, + ½g X, Y, Z 4.01 25.0 0.16 

PL+Pb+Q DWH.+ PIe>o) + %g X,YZ + THS 17.6 50.1 0.35 

TR-10 D PM P1(jo) + 75g SD (elastic/plastic) 23.15 50.2 0.46 
L_ I_ _ PL+Pb P,,o) + 75g SD (elastic/plastic) 34.08 64.6 0.53

AR
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Notes:

Stress Allowable Stress 
LoadLoads Intensity Stresstr 

Comb. Level Category (ksi) trss Ratio 

Pm PI~m) + 60g TED 1.65 40.0 0.04 
TR-12 D PL+Pb Pi.-o + 60g TED 3.13 60.1 0.05 

P. DWH + PI(2 + 80k Ram 6.63 16.7 0.40 

LD-3 B PL+Pb DWH + PIcio + 80k Ram 13.0 25.0 0.52 

PL+Pb+Q DW, + Pmw + 80k Ram + TH7  22.8 50.1 0.46 

P. DWH + P~w + 80k Ram 6.63 16.7 0.40 

LD-4 B PL+Pb DWI, + PR + 80k Ram 13.0 25.0 0.52 

PL+Pb+Q DWH + P1(w + 80k Ram + THm 19.8 50.1 0.39 

PM DWH + PM(0 1.93 16.7 0.12 

HSM-3 B PL+Pb DWH + P12 3.31 25.0 0.13 

PL+Pb+Q DW% + PIa + THis 7.27 50.1 0.15 

P. DW + POaO 1.93 16.7 0.12 

HSM-4 B PL+Pb DWH + PMi 3.31 25.0 0.13 

PL+Pb+Q DWH + PIRM + TH12 6.45 50.1 0.13 

P. DWH + PKRO 4.40 40.0 0.11 

HSM-11 D PL+Pb DWH + PIn, 7.59 60.1 0.13 

P. DWH + Flood 1.00 20.0 0.05 

HSM-13 C PL+P, DWH + Flood 1.64 30.0 0.05 

P. DWH + Paw + 60k Grapple 17.0 20.001 0.85 

UL-3 B PL+Pb DWH + Pko + 60k Grapple 27.2 30.0"a 0.91 

P.+Pb+Q DWH.+ PMan + 60k Grap + THis 27.2 60.0") 0.45 

P. DWH + Pk= + 60k Grapple 17.0 18.02_) 0.91 

UL-4 B PL+Pb DWH + Pma + 60k Grapple 27.2 27.92) 0.97") 

PL+Pb+Q DWH + PI(2 + 60k Grap + TH16  27.2 55.9() 0.49 

P. DWH.+ PIo2 + 80k Grapple 21.6 23.293) 0.93 
UL-5 C PL+Pb DWH+ Plan, + 80k Grapple 32.8 34.7(l), (4) 0.95

1. Allowable stress evaluated at 300 *F.  
2. Allowable stress evaluated at 450 TF.  
3. Allowable stress evaluated at 400 TF.  
4. Stress intensity based on sum of stress components from ANSYS® runs.  

5. This load combination in ANSYS conservatively includes a 20 psi internal pressure on both in the inner and outer 

bottom cover plates. The stress intensity produced by the ANSYS analyses in 27.2 ksi, giving a stress ratio of +0.97.  

However, ignoring the fictitious 2.1 ksi stress due to the 20 psi internal pressure results in a stress intensity equal to 

25.0 ksi. Thus, the actual stress ratio is equal to 0.90.

Ii

I

I

I



Transnuclear West Inc.

PROJECT NO: SCE-01

CALCULATION NO:

Table 104 Controlllna Land Cnmhlnntlnn �tmme A... alt. Mr Rr�99,�m �kI�I�I DS..�.

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress Ratio __ __ __ __ __ __ __ __ __ __ (ksi) (ksi) Ratio__ 

P= PE14.7)+ 155k Axial N/A N/A N/A 
NO-1 Test PL+Pb PE1 4.7+ 155k Axial N/A N/A N/A 

PL+Pb+Q N/A N/A N/A N/A 
P. DWv+ Pus) 0.16 16.7 0.01 

FL-1 A PL+Pb DWv+ PEis, 0.73 25.0 0.03 
PL+Pb+Q N/A N/A N/A N/A 

P. DWv + PI(M 0.11 16.7 0.01 
TL-2 A PL+Pb DWv + P(o) 0.31 25.0 0.01 

PL+Pb+Q DWv + PIoio) + THs 0.31 50.1 0.01 
P. DW% + Psow) 0.42 16.7 0.03 

TL-3 A PL+Pb DWH + P~lo) 0.63 25.0 0.03 
PL+Pb+Q DWH + PIIo) + TH7  0.63 50.1 0.01 

P. DW. + Pigom 0.42 16.7 0.03 
TL-4 A PL+Pb DWH + PRIG) 0.63 25.0 0.03 

r PL+Pb+Q DWH + P1(IO) + TH- 0.63 50.1 0.01 
P. DWH + Pi(o) + lg Axial 0.63 16.7 0.04 

TR-1 A PL+Pb DWH + P(Ie) + I g Axial 1.20 25.0 0.05 
PL+Pb+Q DWm + Plo) + Ig Axial + TH7  1.20 50.1 0.02 

P. DWH + P(10) + Ig Trans. 0.55 16.7 0.03 
TR-2 A PL+Pb DWH + P1(1o) + I g Trans. 0.76 25.0 0.03 

PL+Pb+Q DW,. + PI(j) + I g Trans + TH7  0.76 50.1 0.02 
PM DWH + P91o) + Ig Vert. 0.73 16.7 0.04 

TR-3 A PL+Pb DW, + PkIo) + I g Vert. 0.94 25.0 0.04 
PL+Pb+Q DWH + PS1jo) + I g Vert. + TH7  0.94 50.1 0.02 

Pa DWH + P(1 O) + ½g X, Y, Z 0.70 16.7 0.04 
TR-4 A PL+Pb DW +Ploo) + %g X, Y, Z 1.10 25.0 0.04 

PL+Pb+Q DWH + PI1) + %g X,Y,Z + TH7  1.10 50.1 0.02 
P. DWH + P~jo) + Ig Axial 0.63 16.7 0.04 

TR-5 A PL+Pb DWH + P11) + lg Axial 1.20 25.0 0.05 
PL+Pb+Q DWH + Pieo) + Ig Axial + THs 1.20 50.1 0.02 

P. DWH + PI(lo) + Ig Trans. 0.55 16.7 0.03 
TR-6 A PL+Pb DWH + Ploo) + 1g Trans. 0.76 25.0 0.03 

PL+Pb+Q DWI +P0 0o, + Ig Trans +TTHs 0.76 50.1 0.02 
P. DWH + P.to) + Ig Vert. 0.73 16.7 0.04 

TR-7 A PL+Pb DWI + Put0o) + Ig Vert. 0.94 25.0 0.04 
PL+Pb+Q DWH + PI(Io) + Ig Vert. + Tl 0.94 50.1 0.02 

P. DWm + Pf0 re) + %g X, Y, Z 0.70 16.7 0.04 
TR-8 A PL+Pb DWH + P(o) + ½g X, Y, Z 1.10 25.0 0.04 

_ PL+Pb+Q DWH + PRIM + %g X,Y2, + TH 1.10 50.1 0.02 

D Pm Pko4 + 75g SD (elastic/plastic) 24.7 50.2 0.49 
PL+Pb Pimo0 + 75g SD (elastic/plastic) 26.4 64.6 0.41
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Load Service Stress Stress Allowable Stress 
Com. Lervel Categoy Loads Intensity Stress 

Comb. Level Category (ksi) (ksi) Ratio 

P. PI(2.) + 60g TED 1.19 40.0 0.03 
PL+Pb PK(O) + 60g TED 4.48 60.1 0.07 

P, DW, + Pi(2M + 80k Ram 0.99 16.7 0.06 

LD-3 B PL+Pb DWH + PIR2 + 80k Ram 3.87 25.0 0.15 

PL+Pb+Q DWH + PI2o) + 80k Ram + TH7  11.3 50.1 0.23 

P. DWH + Po) + 80k Ram 0.99 16.7 0.06 

LD-4 B P-+Pb DWH + Pigm + 80k Ram 3.87 25.0 0.15 

PL+Pb+Q DWH + P,I + 80k Ram + THg 9.65 50.1 0.19 

PM DWH + Prm 0.52 16.7 0.03 

HSM-3 B PL+Pb DW% + Pi(2m 0.94 25.0 0.04 

PL+Pb+Q DWH + P(2o) + THIs 0.94 50.1 0.02 

P. DWH + PK2 0.52 16.7 0.03 

HSM-4 B PL+Pb DWi + P(O) 0.94 25.0 0.04 

PL+Pb+Q DWH + Pu2 + TH2 0.94 50.1 0.02 

P. DWH + PI(6 0.95 40.0 0.02 HSM- 11 D 
P-+Pb DWH + PK, 2.19 60.1 0.04 

P. DWH + Flood 0.47 20.0 0.02 
PL+Pb DW, + Flood 1.05 30.0 0.04 

P. DWH + Pkio + 60k Grapple 0.52 16.7 0.03 

UL-3 B PL+Pb DWH + PmaO + 60k Grapple 0.94 25.0 0.04 

P-+Pb+Q DWH + Po + 60k Grap + THis 4.12 50.1 0.08 

P. DWH + Pi~mo + 60k Grapple 0.52 16.7 0.03 

UL-4 B PL+Pb DW, + P,2 + 60k Grapple 0.94 25.0 0.04 

PL+Pb+Q DWH + Pmno + 60k Grap + TH16  3.58 50.1 0.07 

P. DWH + PM + 80k Grapple 0.52 20.0 0.03 
PL+Pb DWit + Pxao) + 80k Grapple 0.94 30.0 0.03

1
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Table 10-9 Controlling Load Combination Stress Results for Inner Bottom Cover Plate 
Stress Allowable Stress 

Load Service Stress Loads Intensity Stress 
Comb. Level Category (ksi) (ksi) Ratio 

Pa PE1 4.7)+ 155k Axial 1.26 27.0 0.05 

NO- I Test PL+Pb Pi,,.I7+ 155k Axial 19.0 30.0 0.63 
PL+P+Q N/A N/A N/A N/A 

P, DWv+ Piws) 0.81 16.7 0.05 

FL- I A PL+Pb DWv+ PEWS) 1.56 25.0 0.06 
PL+Pb+Q N/A N/A N/A N/A 

P. DWv + Ppis.2w + PEousi N/A N/A N/A 

DD-I B PL+Pb DWv + PkWs.2o) + PFHS) NIA N/A N/A 
PL+Pb+Q DWv + PNs.2 + POS) + TH8 N/A N/A N/A 

P. DWv + Pto.) N/A NIA N/A 

DD-2 B PL+Pb DWv + Pm4.m N/A N/A N/A 
PL+Pb+Q DWv + Pio4.u.+ THs N/A N/A N/A 

P. DWv + Punt + PEMs) N/A N/A N/A 

DD-3 B PL+Pb DWv + PI12) + PPEs) N/A N/A N/A 

PL+Pb+Q DWv + PX12) + PWMs)+ TH N/A N/A N/A 

P. DWv + PI() + PM N/A N/A N/A 

DD-4 B PL+Pb DWv + PKs) + Pious) N/A N/A N/A 
PL+Pb+Q DWv + PI(s) + PemS) + THs N/A N/A N/A 

PM DWv + Pto) 0.27 16.7 0.02 

TL-2 A PL+Pb DWv + PK•o) 0.74 25.0 0.03 

PL+Pb+Q DWv + PI(o) + THs 18.0 50.1 0.36 

P. DW. + PICoo) 0.98 16.7 0.06 

TL-3 A PL+Pb DWH + Ploo) 1.56 25.0 0.06 

PL+Pb+Q DWH + P(IO) + TH7  18.8 50.1 0.38 
P. DWH + PI(lo) 0.98 16.7 0.06 

TL-4 A PL+Pb DWn + PI(o) 1.56 25.0 0.06 

PL+Pb+Q DW, + PI(o) + THs 12.2 50.1 0.24 

P. DWH + Pure) + Ig Axial 1.22 16.7 0.07 

TR-1 A PL+Pb DWH + PRIo) + lg Axial 2.38 25.0 0.10 
PL+Pb+Q DWH + Pr(o) + Ig Axial + TH7  19.6 50.1 0.39 

PM DWu + PI(ao) + Ig Trans. 1.27 16.7 0.08 

TR-2 A PL+Pb DW, + PI(1o) + I g Trans. 1.89 25.0 0.08 

PL+Pb+Q DWH+ PtIo)+ lgTrans +TH7  19.1 50.1 0.38 

P. DWN + PIo) + Ig Vert. 1.68 16.7 0.10 

TR-3 A PL+Pb DWH + PI(Io) + Ig Vert. 2.37 25.0 0.09 
PL+Pb+Q DWH + PI(,o) + I g Vert. + TH7  19.6 50.1 0.39 

P. DW, + PIo) + %g X, Y, Z 1.51 16.7 0.09 

TR-4 A PL+Pb DWH + PuO) + V4g X, Y, Z 2.45 25.0 0.10 

PL+Pb•Q DWH + PI(1o) + Vg XY,Z + TH7  19.7 50.1 0.39 

P. DWH+P Pjo)+IgAxia1 1.22 16.7 0.07 

TR-5 A PL+Pb DWH + PI(lo) + Ig Axial 2.38 25.0 0.10 

I I PL+Pb+Q DWH+ Pxto) + I g Axial +THt 13.1 50.1 0.26
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Stress Allowable Stress 
Load Service StressIntensity Stress Ratio 

Comb. LeVel Category (ksi) (ksi) 

Pm DWH + PR(Io) + I g Trans. 1.27 16.7 0.08 

TR-6 A PL+Pb DWH + PKIo) + I g Trans. 1.89 25.0 0.08 

PL+Pb+Q DWH + P10o) + I g Trans + THs 12.6 50.1 0.25 

Pm DWH + Pi(jo) + Ig Vert. 1.68 16.7 0.10 

TR-7 A PL+Pb DWH + Pt(jo) + Ig Vert. 2.37 25.0 0.09 

PL+Pb+Q DWH + PI(lto) + I g Vert. + THs 13.1 50.1 0.26 

Pm DWH + PIO) + ½g X, Y, Z 1.51 16.7 0.09 

TR-8 A PL+Pb DWH + P1RIG) + ½g X, Y, Z 2.45 25.0 0.10 

PL+Pb+Q DWH + P10o) + %g X,Y,Z + THs 13.1 50.1 0.26 

Pm Pjcioi + 75g SD (elastic/plastic) 39.13 50.2 0.78 

TR-10 D PL+Pb PI(o) + 75g SD (elastic/plastic) 40.07 64.6 0.62 

Pm P( 2o) + 60g TED 5.80 40.0 0.15 
TR-12 D PL+Pb P,• +60g TED 19.26 60.1 0.32 

Pm DWH + PI(2m + 80k Ram 3.91 16.7 0.23 

LD-3 B PL+Pb DWH + PI{2o) + 80k Ram 6.11 25.0 0.24 

P-+Pb+Q DW+ P.2o) + 80k Ram + TH7  20.1 50.1 0.40 

Pm DWH + PI( + 80k Ram 3.91 16.7 0.23 

LD-4 B PL+Pb DWH + Pj(o) + 80k Ram 6.11 25.0 0.24 

PL+pb+Q DWH + Pl(o) + 80k Ram + Ths 14.3 50.1 0.28 

P. DWH + PM 1.25 16.7 0.08 

HSM-3 B PL+Pb DWH + PK2o) 2.29 25.0 0.09 

PL+Pb+Q DWm + P) + THis 8.96 50.1 0.18 

Pm DWH + PI(• 1.25 16.7 0.08 

HSM-4 B PL+Pb DWH + PK2o) 2.29 25.0 0.09 

PL+Pb+Q DWH + PIRo) +T11 26  7.66 50.1 0.15 

HSM-10 D pm DW. + PIca) + Seismic 1.2 40.0 0.03 

Pm DWH + PR60) 2.35 40.0 0.06 

HSM-11 D PL+Pb DWH + Paso) 5.24 60.1 0.09 

P. DWH + Flood 1.51 20.0 0.08 

HSM-13 C PL+Pb DWH + Flood 2.38 30.0 0.08 

P. DWH + P( 2o) + 60k Grapple 11.1 16.7 0.67 

UL-3 B PL+Pb DWH + Plc2o) + 60k Grapple 14.8 25.0 0.59 

PL+Pb+Q DWH + P1 zo) + 60k Grap + THs 14.8 50.1 0.30 

Pm DWH + Pio) + 60k Grapple 11.1 16.7 0.67 

UL-4 B PL+Pb DWn + PI(o 1 + 60k Grapple 14.8 25.0 0.59 

PL+Pb+Q DWH + Pto) + 60k Grap + THL6 14.8 50.1 0.30 

Pm DWH + PM-i) + 80k Grapple 14.4 20.0 0.72 

UL5 C PL+Pb DWx + P1cm + 80k Grapple 19.0 30.0 0.63
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Table 1O-1O.Controlling Load Combination Stress Results for Grapple Ring Support

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress Ratio 

(ksi) (ksi) Ratio 
P. PEl4.7)+ 155k Axial N/A N/A N/A 

NO- I Test PL+Pb P•i,4.7)+ 155k Axial N/A N/A N/A 
PL+Pb+Q N/A N/A N/A N/A 

PM DWv+ Pums) 0.24 16.7 0.01 
FL-I A PL+Pb DWv+ PeMs) 0.62 25.0 0.02 

PL+Pb+Q N/A N/A N/A N/A 
P. DWv + PI,() 0.00 16.7 0.00 

TL-2 A PL+Pb DWv + PNo) 0.00 25.0 0.00 
PL+Pb+Q DWv + Pr(o) + THe 10.26 50.1 0.20 

P. DWH + PI(to) 0.04 16.7 0.00 
TL-3 A PL+Pb DWH + Pr(o) 0.05 25.0 0.00 

PL+Pb+Q DWH + P10) + TH7  10.32 50.1 0.21 
Ps DWH + P10o) 0.04 16.7 0.00 

TL-4 A PL+Pb DWH + Ptlo) 0.05 25.0 0.00 
PL+Pb+Q DWH + P1(1) + THl$ 8.22 50.1 0.16 

P.s DWH + P3(w) + Ig Axial 0.57 16.7 0.03 
TR-1 A PL+Pb DWH + Prjo + I g Axial 1.46 25.0 0.06 

PL+Pb+Q DW, + P,( o + lg Axial + TH7  11.6 50.1 0.23 
P. DWH + P(,o) + I gTrans. 0.05 16.7 0.00 

TR-2 A PL+Pb DWH + P3(1o) + Ig Trans. 0.08 25.0 0.00 
PL+Pb+Q DWH +PKo) + Ig Trans+ TH7  10.3 50.1 0.21 

P. DWH + Prjo) + Ig Vert. 0.07 16.7 0.00 
TR-3 A PL+Pb DWH + Pro) + Ig Vert. 0.11 25.0 0.00 

PL+Pb+Q DWH + Pr(o) + I g Vert. + TH? 10.4 50.1 0.21 
P. DWH + ProG) + ½g X, Y, Z 0.32 16.7 0.02 

TR-4 A PL+Pb DWH + Pr(1o0 + ½g X, Y, Z 0.79 25.0 0.03 
PL+Pb+Q DWH + PE(IO) + ½g X,Y,Z + TH7  11.0 50.1 0.22 

P. DWH + Pr(uo) + Ig Axial 0.57 16.7 0.03 
TR-5 A PL+Pb DWH + P ( o) + I g Axial 1.46 25.0 0.06 

PL+Pb+Q DWH + Pure + I g Axial + THs 9.49 50.1 0.19 
PO DWH + Prjo) + Ig Trans. 0.05 16.7 0.00 

TR-6 A PL+P6 DWH + P(wo) + I g Trans. 0.08 25.0 0.00 
PL+Pb4Q DWH+P 3( + IgTrans + THs 8.24 50.1 0.16 

P. DWH + Pr(om + Ig Vert. 0.07 16.7 0.00 
TR-7 A PL+P DW + P ( o) + Ig Ven. 0.11 25.0 0.00 

PL+Pb+Q DW (+P ( w + Ig Vert. +TH, 8.27 50.1 0.17 
P. DWH + P3(o) + ½g X. Y, Z 0.32 16.7 0.02 

TR-8 A PL+Pb DWH + P(IoM + %g X, Y, Z 0.79 25.0 0.03 
PL+Pb+Q DWH + Pr(iom + %g X,YZ + THe 8.89 50.1 0.18
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Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress Ratio 

(ksi) (ksi) Ratio 

TR-10 D Pm PI 0o) + 75g SD (elastic/plastic) 2.03 50.2 0.04 
PL+Pb PI(1o) + 75g SD (elastic/plastic) 3.20 64.6 0.05 

TR-12 D Pm P 12o) + 60g TED 1.51 40.0 0.04 
PL+Pb Pj(20) + 60g TED 4.01 60.1 0.07 

Pm DWH + P1(20) + 80k Ram 1.98 19.3 0.10 
LD-3 B PL+Pb DWH + PI(2o) + 80k Ram 5.07 29.0 0.18 

PL+Pb+Q DWH + Pg(2o) + 80k Ram + TH. 26.2 57.9 0.45 
Pm DWH +P•o) + 80k Ram 1.98 18.6 0.11 

LD-4 B PL+Pb DWH + PI(2o) + 80k Ram 5.07 27.9 0.18 
PL+Pb+Q DWH + PI(2o) + 80k Ram + THs 24.4 55.9 0.44 

P. DWH + PI() 0.04 16.7 0.00 
HSM-3 B PL+Pb DW. + PI(o) 0.05 25.0 0.00 

PL+Pb+Q DWH + PI( + THIs 5.83 50.1 0.12 
Pm DWH + PItM 0.04 16.7 0.00 

HSM-4 B PL+Pb DWH + P(20) 0.05 25.0 0.00 
13PLPbQ DWH + PR2o) + THM 5.07 50.1 0.10 

HSM-II D Pm DWH + P96o) 0.04 40.0 0.00 
PL+Pb DWH + P(60) 0.05 60.1 0.00 

PM DWH + Flood 0.04 20.0 0.00 HSM-13 C LP W+lo __________ 

PL+P_ DW + Flood 0.05 30.0 0.00 
DWH + Pa2o) + 60k Grapple 6.10 16.7 0.37 

UL-3 B PL+Pb DWH + P,(20) + 60k Grapple 22.0 25.0 0.88 
PL+Pb+Q DWH + Pj( 2o) + 60k Grap + TH15  39.85 50.1 0.80 

Pm DWH + P,(2 ) + 60k Grapple 6.10 16.7 0.37 
UL-4 B PL+Pb DWH + Pj(w) + 60k Grapple 22.0 25.0 0.88 

PL+Pb+Q DWH + PI2o) + 60k Grap + TH16  38.57 50.1 0.77 
P. DWH + PI2o) + 80k Grapple 8.12 23.2"') 0.35 

PL+Pb DWH + P(2o) + 80k Grapple 29.3 34.7(") 0.84 

Notes: 
1. Allowable stress evaluated at 400 "F.

I

I

I
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Table 10-11 Controlling Load Combination Stress Results for Grapple Ring 

Load Service Stress Stress Allowable Stress 
Comb. Level Category Loads Intensity Stress 

Cm. LvCtgr _______________(ksi) (ksi) Ratio 
P. PSa4,.-+ 155k Axial N/A N/A N/A 

NO-i Test PL+Pb Pu?4.)+ 155k Axial N/A N/A N/A 

PL+Pb+Q N/A N/A N/A N/A 

P, DWv+ PEm 0.02 16.7 0.00 

FL-i A PL+Pb DWv+ PE() 0.09 25.0 0.00 

PL+Pb+Q N/A N/A N/A N/A 

P. DWv + P1(1) 0.00 16.7 0.00 

TL-2 A PL+Pb DWv + PRIO) 0.00 25.0 0.00 
PL+P,+Q DWv + Pluw) + TH1  3.81 50.1 0.08 

P. DWH + Pito) 0.01 16.7 0.00 

TL-3 A PL+Pb DWH + P1o) 0.01 25.0 0.00 
PL+Pb4Q DWm + PI(1O) + TH7  3.82 50.1 0.08 

PM DWH + P1(1o) 0.01 16.7 0.00 

TL-4 A PL+Pb DWH + PRso) 0.01 25.0 0.00 

PL+Pb+Q DWH.+ Ptoo) + Tl-H 2.61 50.1 0.05 

P. DWH + PI(0 ) + Ig Axial 0.05 16.7 0.00 

TR-I A PL+Pb DWH + P1(10) + I gAxial 0.20 25.0 0.01 

PL+Pb+Q DWN + P1(o) + I g Axial + TH7  3.99 50.1 0.08 

P. DWH + Pxo) + I gTrans. 0.01 16.7 0.00 

TR-2 A PL+Pb DWH + P('o) + I g Trans. 0.01 25.0 0.00 
PL+Pb+Q DWH + Pi(to) + I g Trans + TH7  3.82 50.1 0.08 

P. DWH + P,( o) + Ig Vert. 0.01 16.7 0.00 

TR-3 A PL+Pb DWH + P1 (lo) + Ig Vert. 0.02 25.0 0.00 

PL+Pb+Q DW1 + Pi(to) + Ig Vert. + TH7  3.83 50.1 0.08 

PM DWm + Pwo) + ½g X, Y, Z 0.03 16.7 0.00 

TR-4 A PL+Pb DWH+ PI, (o) + ½g X, Y, Z 0.11 25.0 0.00 

PL+Pb+Q DW,+ Pxto) + ½g X,Y,Z + TH7  3.91 50.1 0.08 

PM DWH + P1(Io) + Ig Axial 0.05 16.7 0.00 

TR-5 A PL+Pb DWH + P1(lo) + Ig Axial 0.20 25.0 0.01 

PL+Pb+Q DWH + P1(o) + Ig Axial + TH 2.78 50.1 0.06 

P. DWm + Px) + I g Trans. 0.01 16.7 0.00 

TR-6 A P-+Pb DWH + P1(lo) + Ig Trans. 0.01 25.0 0.00 

PL+Pb+Q DWH+ PIj) + lg Trans + iT-h 2.61 50.1 0.05 

P. DWm + P1(io) + I g Vert. 0.01 16.7 0.00 

TR-7 A PL+Pb DW,4 + P1 no) + Ig Vert. 0.02 25.0 0.00 
PL+Pb+Q DWH + P1(1) + I g Vert. + THI 2.62 50.1 0.05 

P. DWH + Pi(to) + ½g X, Y, Z 0.03 16.7 0.00 

TR-8 A PL+Pb DWH+ Pmo) + Vag X, Y, Z 0.11 25.0 0.00 

I I PL+Pb+Q DWH + PI(,o) + ½g XY,Z + THi 2.70 50.1 0.05

U

0
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Load Service Stress Stress Allowable Stress 
Comb. Lervel Sateory Loads Intensity Stress Ratio 

Comb. Level Category (ksi) (ksi) 

Pm PI(lo) + 75g SD (elastic/plastic) 0.24 50.2 0.00 

TR-10 D PL+Pb PI(Io) + 75g SD (elastic/plastic) 0.48 64.6 0.01 

Pm PD(20) + 60g TED 0.18 40.0 0.00 

TR-12 DPL+Pb PI(,o) + 60g TED 0.53 60.1 0.01 

Pm DWH + Pr(2o) + 80k Ram 0.46 16.7 0.03 

LD-3 B PL+Pb DWH + P1io2) + 80k Ram 0.99 25.0 0.04 

PL+Pb+Q DWH + PI(2o) + 80k Ram + TH7 7.52 50.1 0.15 

Pm DWH + Pmo) + 80k Ram 0.46 16.7 0.03 

LD-4 B PL+Pb DW, + PI( 2o) + 80k Ram 0.99 25.0 0.04 

PL+Ptl+Q DWH + PIao) + 80k Ram + THs 6.46 50.1 0.13 

Pm DWH + P102o 0.01 16.7 0.00 

HSM-3 B PL+Pb DW, + Po(o) 0.01 25.0 0.00 

PL+Pb+Q DWH + PI(ao) + THis 3.65 50.1 0.07 

Pm DWH + PIRM 0.01 16.7 0.00 

HSM-4 B PL+Pb DW, + Pimo) 0.01 25.0 0.00 

PL+Pb+Q DW% + Pia) + TH26  2.96 50.1 0.06 

Pm DWH + P1(0) 0.01 40.0 0.00 

HSM- 11 D PL+Pb DW, + PI(4o 0.01 60.1 0.00 

P. DWH + Flood 0.01 20.0 0.00 

HSM-13 C PL+Pb DWH + Flood 0.01 30.0 0.00 

Pm DWH + P,=o + 60k Grapple 9.98 20.0 0.50 

UL-3 B PL+Pb DWH + PI(2o) + 60k Grapple 17.3 30.0 0.58 

PL+Pb+Q DWH + Pwo) + 60k Grap + THis 17.32 60.0 0.29 

Pm DWH + PI(2D) + 60k Grapple 9.98 20.0 0.50 

UL-4 B PL+Pb DWH + PI(2o) + 60k Grapple 17.3 30.0 0.58 

PL+Pb+Q DWH + Pw) + 60k Grap + TH,6 17.91 60.0 0.30 

P, DWH + Plo0 ) + 80k Grapple 13.3 20.0 0.67 

UL-5 C PL+Pb DWH + Plo) + 80k Grapple 23.1 30.0 0.77
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Table 10-12 Controlling Load Combination Stress Results for Weld of Outer Top Cover Plate 
(Primary Stress1)

Load Service Stress Nodal Weld Allowable Stress 
Case Level Category Loads Force Stress Stress (Ibs) (ksi) (ksi) Ratio 
TL-2 A P DWV + Pj( 10) 675 0.68 10.0 0.07 

TL-3 A P DWH + PI(io) 1,712 1.72 10.0 0.17 

TL-4 A P DWH + Pl(o) 1,712 1.72 10.0 0.17 

TR-1 A P DWH + PIo) + Ig Axial 1,851 1.86 10.0 0.19 

TR-2 A P DWH + PI(Io) + lg Trans. 2,158 2.17 10.0 0.22 

TR-3 A P DWH + PI1o) + Ig Vert. 2,788 2.80 10.0 0.28 

TR-4 A P DWH + Pj(jo) + 0.5g X, Y, Z 2,407 2.42 10.0 0.24 

TR-5 A P DWH + PIlo) +. I g Axial 1,851 1.86 10.0 0.19 

TR-6 A P DWH + PgIo) + lg Trans. 2,158 2.17 10.0 0.22 

TR-7 A P DWH + PKIo) + Ig Vert. 2,788 2.80 10.0 0.28 

TR-8 A P DWH + P•,o) + 0.5g X,*Y, Z 2,407 2.42 10.0 0.24 

TR-9 D P Puzo) + 60g BED 398 0.40 24.0 0.02 

TR-10 D P PI(o) + 75g SD (elastic/plastic) 12,187 12.25 30.2 0.41 

HSM-3 B P DWH + PI(2o) 2,349 2.36 10.0 0.24 

HSM-4 C P DWH + P(2o) 2,349 2.36 10.0 0.24 

HSM-1 1 D P DWH + PI~o) 4,896 4.92 24.0 0.21 

HSM-13 C P IDWH + Flood 1,186 1.19 12.0 0.10

Notes:
1. Stress is based on a weld thickness of 0.5 in. and a nodal tributary length of 1.99 in. Horizontal deadweight and side 

drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 1.5 in.
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Table 10-13 Controlling Load Combination Stress Results for Weld of Outer Top Cover Plate 
(Primary + Secondary Stress1)

Weld Allowable Stress 
Load Service StressLodStes trs 

Case Level Category Loads Stress Stress Ratio 
_______ ________________________ (ksi) (ksi) _____ 

TL-2 A PL+Pb+Q DWV + PI(Io) + THN.s 15.1 30.1 0.50 

TL-3 A PL+Pb+Q DWH + P10o0) + TH7  16.0 30.1 0.53 

TL-4 A PL+Pb+Q DWH + PI(jo) + THs 12.5 30.1 0.42 

TR-1 A PL+Pb+Q DWH + P1(10) + Ig Axial + TH7  16.4 30.1 0.54 

TR-2 A PL+Pb+Q DWH + PI(jo) + Ig Trans + TH7  16.4 30.1 0.54 

TR-3 A PL+Pb+Q DWH + Pj(Io) + Ig Vert. + THN 16.9 30.1 0.56 

TR-4 A PL+Pb+Q DWH + P(1oo) + 0.5g X,Y,Z + TH7  16.7 30.1 0.56 

TR-5 A PL+Pb+Q DWH + P1(10) + I g Axial + TH8  12.9 30.1 0.43 

TR-6 A PL+Pb+Q DWH + Pj(10) + Ig Trans + THs 12.9 30.1 0.43 

TR-7 A PL+Pb+Q DWH + P11oo) + Ig Vert. + THs 13.5 30.1 0.45 

TR-8 A PL+Pb+Q DWH + PI(Io) + 0.5g X,Y,Z + THs 13.3 30.1 0.44 

HSM-3 B PL+Pb+Q DWH + P1(2) + TH15  9.1 30.1 0.30 

HSM-4 B PL+Pb+Q DWH + PR(20) + TH26  10.7 30.1 0.35 

Notes
1. Primary+Secondary stress intensities are summarized to evaluate membrane+bending in the weld. Primary weld 

stresses are evaluated in Table 10-12.
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Table 10-14 Controlling Load Combination Stress Results for Weld of Inner Top Cover Plate

Load Service Stress Nodal Weld Allowable Stress 
Case Level Category Loads Force Stress Stress Ratio (Ibs) (ksi) (ksi) 
Design A P P1oo) 851 2.28 10.8 0.21 

P DWV + P(10o) 867 2.32 10.0 0.23 TL-2 A 
P+S DWV + P1(10) + TH7 .8  2,877 7.71 30.1 0.26 

P DWH + P1(1o) 1,829 4.90 10.0 0.49 TL-3 A 
P+S DWH + P1 oo) + TH7  2,616 7.01 30.1 0.23 

P DWH + P1(1o) 1,829 4.90 10.0 0.49 TL-4 A 
P+S DWH + P,(to) + TH8 3,813 10.22 30.1 0.34 

P DWH + P1(jo) + 1g Axial 2,454 6.58 10.0 0.66 TR-I A 
P + S DWH + P1(1o) + Ig Axial + TH7  3,245 8.70 30.1 0.29 

P DWH + Pj(jo) + Ig Trans. 2,234 5.99 10.0 0.60 TR-2 A 
P+S DWH + PI(,o) + Ig Trans + TH7  3,010 8.07 30.1 0.27 

P DWH + P1(Io) + Ig Vert. 2,807 7.52 10.0 0.75 TR-3 A 
P + S DWH + P1(10) + Ig Vert. + TH7  3,568 9.56 30.1 0.32 

TR-4 A P DWH + P1(o) + 0.5g X, Y, Z 2,710 7.26 10.0 0.73 
P + S DWH + Piejo) + 0.5g X,Y,Z + TH, 3,484 9.34 30.1 0.31 

P DWH + Pj(jo) + Ig Axial 2,454 6.58 10.0 0.66 TR-5 A 
P+S DWH + P1 (jo) + lg Axial + TH 8  4,442 11.91 30.1 0.40 

P DWH + P1 (1 o) + Ig Trans. 2,234 5.99 10.0 0.60 TR-6 A 
P + S DWH + P1 (jo) + Ig Trans + THs 4.207 11.28 30.1 0.37 

P DWH + PK(jo) + Ig Vert. 2,807 7.52 10.0 0.75 TR-7 A 
P+S DWH + P1 (1 )+ lg Vert. +TH8  4,765 12.77 30.1 0.42 

P DWH + PI(to) + 0.5g X, Y, Z 2,710 7.26 10.0 0.73 TR-8 A 
P+S DWH + PR1o) + 0.5g X,Y,Z + TH8  4,681 12.55 30.1 0.42 

TR-9 D P Pj(2o) + 60g BED 562 1.51 24.0 0.06 
TR- 10 D P PI(2o) + 75g SD (elastic/plastic) 8,964 24.02 30.2 0.80 

HSM-3 B P DWH + P1(2o) 2,681 7.18 10.0 0.72 
PP+S DWH + PI(2o) + THIs 3,933 10.54 30.1 0.35 

HSM-4 B P DWH + PI2o) 2,681 7.18 10.0 0.72 
P +S DWH + Pg(2o) + TH26  3,964 10.62 30.1 0.35 

HSM-10 D P DWH + PI(6o) + Seismic N/A 9.6 25.9 0.37 
HSM-11 D P DWH + Ps6o) 6.086 16.31 24.0 0.68 
HSM-13 C P DWH + Flood 1,172 3.14 12.0 0.26

Notes 
1. P = Stress due to Primary loads 

P + S = Stress due to Primary + Secondary loads.  
2. Stress is based on a weld thickness of 3/16 in. and a nodal tributary length of 1.99 in. Horizontal deadweight and side 

drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 1.5 in.

Nj
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Table 10-15 Controlling Load Combination Stress Results for Upper (Continuous) Weld of Support 
Ring (Base Metal Evaluation1)

I
- -.  

Load Service Stress Nodal Weld Allowable Stress 
Case Lervel Stere Loads Force Stress Stress Ratio 
Case Level Category (Ibs) (ksi) (ksi) 

P DWV + P(oo) 195 0.28 7.40 0.04 

-2 A P+S DWV + P1 (1 o) + THS 610 0.87 7.40 0.12 

P DWH + P1 (to) 141 0.20 7.40 0.03 
TL-3 A P+S DWH + Pt(1o) + TH7  568 0.81 7.40 0.11 

P DWH + PIoo) 141 0.20 7.40 0.03 
TL-4 A P+S DWH + P(to) + TH$ 495 0.70 7.40 0.10 

P DWH + PI(jo) + Ig Axial 236 0.34 7.40 0.05 

TR-1 A P+S DWH + Pl(jo) + Ig Axial + TH7 663 0.94 7.40 0.13 

P DWH + PI(jo) + Ig Trans. 158 0.22 7.40 0.03 
TR-2 A P+S DWH+P1(Io)+ lgTrans +TH 7  585 0.83 7.40 0.11 

P DWH + Pj(1 o) + Ig Vert. 182 0.26 7.40 0.03 
TR-3 A P+S DWH + P,(jo) + Ig Vert. + TH7 608 0.86 7.40 0.12 

P DWH + Pl(o) + 0.5g X, Y, Z 212 0.30 7.40 0.04 
TR-4 A P+S DWH + Pj1(o) + 0.5g X,Y,Z + TH7 639 0.91 7.40 0.12 

P DWH + P,(1 o) + Ig Axial 236 0.34 7.40 0.05 
TR-5 A P+S DWH + Pi(o) + lg Axial + THs 590 0.84 7.40 0.11 

P DWH + P1(10) + Ig Trans. 158 0.22 7.40 0.03 

TR-6 A P+S DWH +PI(lo)+ lgTrans +THs 512 0.73 7.40 0.10 

P DWH + P1(,o) + I g Vert. 182 0.26 7.40 0.03 
TR-7 A P.+ S DWH + PI(lo) + lg Vert. + TH8  535 0.76 7.40 0.10 

P DWH + P(lo) + 0.5g X, Y, Z 212 0.30 7.40 0.04 

P+TR-8 P+S DWH + P1(,o) + 0.5g X,Y,Z + THs 566 0.80 7.40 0.11 

TR-9 D P PXO2) + 60g BED 5,772 8.20 14.8 0.55 

TR- 10 D P Pj(2o) + 75g SD (elastic/plastic) Note 5 Note 5 Note 5 Note 5 

P DWH + P1(2o) 241 0.34 9.81 0.03 
HSM-3 B P+S DWH + P42o) + THIs 585 0.83 9.81 0.08 

P DWH + Pj(2o) 241 0.34 9.81 0.03 
HSM-4 B P+S DWH + P 1(2o) + TH26  478 0.68 9.81 0.07 

HSM-11 D P DWH + P() 643 0.91 14.8 0.06 

HSM-13 C P DWH + Flood 608 0.86 11.1 0.08

!
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Notes: 
1. See Table 10-16 for weld metal evaluation.  
2. P = Stress due to Primary loads 

P + S = Stress due to Primary + Secondary loads.  
3. Stress is based on base metal thickness of 0.254/2 = 0.354 in. and a nodal tributary length of 1.99 in. Horizontal 

deadweight and side drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 1.5 in.  
4. Allowable stress is based on a maximum temperature of 350*F in the high stress region of the weld.  
5. Side drop loads between shell and support ring are directly transmitted between components. Therefore, the weld is not 

loaded significantly.
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Table 10-16 Controlling Load Combination Stress Results for Upper (Continuous) Weld of 
Support Ring (Weld Metal Evaluation1) 

Load Service Stress Nodal Weld Allowable Stress 
Case Level Category Loads Force Stress Stress 

Case__Level__Category__ (Ibs) (ksi) (ksi) Ratio 

T1-2 A P DWV + P1(1o) 195 0.28 21.5 0.01 

P+S DWV + P(jo) + THs 610 0.87 21.5 0.04 

P DWH + P1(1o) 141 0.20 21.5 0.01 
P-+ S DWH + Ploo) + THl 568 0.81 21.5 0.04 

TL-4 A P DWH + Pj(lo) 141 0.20 21.5 0.01 

P+S DWH + P1(1o) + THs 495 0.70 21.5 0.03 

P DWH + Po) + Ig Axial 236 0.34 21.5 0.02 
TR-1 A 

P+S DWH + Pj 0o) + lg Axial + TH7  663 0.94 21.5 0.04 

P DWH + P1(0o) + lg Trans. 158 0.22 21.5 0.01 
TR-2 A 

P + S DWH + P1(jo) + Ig Trans + THI- 585 0.83 21.5 0.04 

P DWH + Pj(Io) + lg Vert. 182 0.26 21.5 0.01 
PT+ S DWH + P 10) + lg Vert. + TH7 608 0.86 21.5 0.04 

P DWH + P1(10) + 0.5g X, Y, Z 212 0.30 21.5 0.01 
PT+AS DWH +Pso) + 0.5g X,Y,Z + TH7 639 0.91 21.5 0.04 

P DWH + Pi(jo) + Ig Axial 236 0.34 21.5 0.02 
TR-5 A ___ 

P + S DWH + P1(1o) + Ig Axial + THs 590 0.84 21.5 0.04 

P DWH + P(l1o) + lg Trans. 158 0.22 21.5 0.01 
P+S DWH+Pt(lo)+ lgTrans +THs 512 0.73 21.5 0.03 

P DWH + Pujo) + lg Vert. 182 0.26 21.5 0.01 
TR-7 A 

P+S DWH + PJ( 1o) + lg Vert. + THs 535 0.76 21.5 0.04 

P DWH + P( 10 ) + 0.5g X, Y, Z 212 0.30 21.5 0.01 
TR-8 A P-+ S DWH + P 1 o) + 0.5g X,Y,Z + THs 566 0.80 21.5 0.04 

TR-9 D P P(2o) + 60g BED 5,772 8.20 43.1 0.19 

TR-10 D P P•2o) + 75g SD (elastic/plastic) 11,919 16.94 43.1 0.39 

P DWH + P1(2o) 241 0.34 28.7 0.01 

HSM-3 B P + S DWH + PI(•2) + TH1s 585 0.83 28.7 0.03 

P DWH + P1(2o) 241 0.34 28.7 0.01 

HSM-4 B P + S DWH + PI2o) + TH26 478 0.68 28.7 0.02 

HSM-I 1 D P DWH + PR6o) 643 0.91 43.1 0.02 

HSM-13 C P DWH + Flood 608 0.86 32.3 0.03

Notes:
1. See Table 10-15 for base metal evaluation.  
2. P = Stress due to Primary loads 

P + S = Stress due to Primary + Secondary loads.  

3. Stress is based on an effective weld throat of (0 .2 5 2+0. 12 5 ')"2 = 0.280 in. and a nodal tributary length of 1.99 in.  

Horizontal deadweight and side drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 

1.5 in.
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Table 10-17 Controlling Load Combination Stress Results for Lower (Intermittent) Weld of 
Support Ring (Base Metal Evaluation')

Load Service Stress Nodal Weld Allowable Stress 

Case Level Category Loads Force Stress Stress Strs Case.__ Level_ Category (Ibs) (ksi) (ksi) Ratio 
P DWV + PloO) 242 0.97 7.40 0.13 TL-2 A 

P + S DWV + P3(jo) + THs 822 3.30 7.40 0.45 

TL-3 A P DWH + P3(lo) 176 0.71 7.40 0.10 
P + S DWH + P1(10) + TH7  722 2.90 7.40 0.39 

P DWH + PI(o) 176 0.71 7.40 0.10 TL-4 A ___ 

P+S DWH + P1( o) + THs 755 3.04 7.40 0.41 
P DWH + P3) 0) + Ig Axial 271 1.09 7.40 0.15 TR-I A 

P+S DWH + P)(10) + lg Axial + TH7  815 3.28 7.40 0.44 

TR-2 A P DWH + P(1o) + Ig Trans. 183 0.74 7.40 0.10 
P+S DWH + P ( jo) + lg Trans + TH7  729 2.93 7.40 0.40 

TR-3 A P DWH + P3( o) + lg Vert. 194 0.78 7.40 0.11 
P+S DWH + P3( o) + lg Vert. + TH7  739 2.97 7.40 0.40 

P DWH + PI( Io) + 0.5g X, Y, Z 234 0.94 7.40 0.13 TR-4 A 
P+S DWH + P31 o) + 0.5g X,Y,Z + TH7  779 3.13 7.40 0.42 

TR-5 A P DWH + Pc(,o) + Ig Axial 271 1.09 7.40 0.15 
P+S DWH + P3( )o) + lg Axial + THi 849 3.41 7.40 0.46 

P DWH + Pj(jo) + lg Trans. 183 0.74 7.40 0.10 
TR-6 A 

P + S DWH + P,(lo) + Ig Trans + TH# 763 3.07 7.40 0.41 

TR-7 A P DWH + P3(1o) + Ig Vert. 194 0.78 7.40 0.11 
P+S DWH + P (3o) + lg Vert. + THs 773 3.11 7.40 0.42 

TR-8 A P DWH + Pxo) + 0.5g X, Y, Z 234 0.94 7.40 0.13 
P+S DWH + P3 (1o) + 0.5g X,Y,Z + THs 812 3.27 7.40 0.44 

TR-9 D P Pxzo) + 60g BED note 4 note 4 note 4 note 4 

TR-10 D P PIzo) + 75g SD 2,511 10.10 16.6 0.61 

HSM-3 B P DWH + P(2o) 333 1.34 9.81 0.14 

P+S DWH + PI(2o) + TH15 1,123 4.51 9.81 0.46 

HSM-4 B P DWH + P(2o) 333 1.34 9.81 0.14 

P+S DWH + P•2o) + TH26 651 2.62 9.81 0.27 

HSM-I I D P DWH + Pure) 964 3.87 14.8 0.26 
HSM- 13 C P DWH + Flood 703 2.83 11.1 0.25

Notes: 
1. See Table 10-18 for weld metal evaluation.  
2. P = Stress due to Primary loads 

P + S = Stress due to Primary + Secondary loads.  
3. Stress is based on base metal thickness of 0.25 in. and a nodal tributary length of 0.995 in. Horizontal deadweight 

and side drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 1.5 in.  
4. See hand evaluation of support ring weld for end drop loading.
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Notes: 
1. See Table 10-17 for base metal evaluation.  
2. P = Stress due to Primary loads 

P + S = Stress due to Primary + Secondary loads.  
3. Stress is based on an effective weld throat of 0.25(0.7071) = 0.177 in. and a nodal tributary length of 0.995 in.  

Horizontal deadweight and side drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary 
length of 1.5 in.I
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Table 10-18 Controlling Load Combination Stress Results for Lower (Intermittent) Weld of 
Support Ring (Weld Metal Evaluation1) 

Load Service Stress Nodal Weld Allowable Stress 
Case Level Category Loads Force Stress Stress Ratio (Ibs) (ksi) (ksi) Ratio 

P DWV + Pf(Io) 242 0.97 21.5 0.05 TL-2 A 
P+S DWV + PI(Io) + THs 822 3.30 21.5 0.15 

P DWH + P1(10) 176 0.71 21.5 0.03 TL-3 A 
P+S DWH + P1(1o) + TH7  722 2.90 21.5 0.13 

P DWH + PI(,o) 176 0.71 21.5 0.03 
P+S DWH + PT(1o) + THs 755 3.04 21.5 0.14 

TR-1 A P DWH + PI(jo) + Ig Axial 271 1.09 21.5 0.05 
P+S DWH + P1 (jo) + I g Axial + TH7 815 3.28 21.5 0.15 

P DWH + PI(jo) + lg Trans. 183 0.74 21.5 0.03 TR-2 A 
P+S DWH + PI(jo) + Ig Trans + TH7 729 2.93 21.5 0.14 

TR-3 A P DW + PI(ao) + Ig Vert. 194 0.78 21.5 0.04 
P+S DWH + PI1 o) + lg Vert. + TH, 739 2.97 21.5 0.14 

P DWH + PKio) + 0.5g X, Y, Z 234 0.94 21.5 0.04 TR-4 A 
P+S DWH + P1 (jo) + 0.5g X,Y,Z + TH7  779 3.13 21.5 0.15 

P DWH + PI(jo) + I g Axial 271 1.09 21.5 0.05 

P+S DWH + P1 (jo) + I g Axial + THs 849 3.41 21.5 0.16 

TR-6 A P DWH + PI(¢o) + lg Trans. 183 0.74 21.5 0.03 
_ _ _ _ P + S DWH + P1(1o) + Ig Trans + TH8  763 3.07 21.5 0.14 

TR-7 A P DWH + P1(1o) + Ig Vert. 194 0.78 21.5 0.04 
P+S DWH+ P;(o)+ lgVert. +TH& 773 3.11 21.5 0.14 

TR-8 A P DWH + P1(0) + 0.5g X, Y, Z 234 0.94 21.5 0.04 
P+S DWH + PI( 0) + 0.5g X,Y,Z + TH8  812 3.27 21.5 0.15 

TR-9 D P PI2o) + 60g BED 5,070 20.38 43.1 0.47 
TR-10 D P P12o) + 75g SD (elastic/plastic) 2,511 10.10 43.1 0.23 

HSM-3 B P DWH + P,2o) 333 1.34 28.7 0.05 
P+S DWH + PI(2o) + TH1s 1,123 4.51 28.7 0.16 

P DWH + PI2o) 333 1.34 28.7 0.05 HSM-4 B 
P+S DWH + P12o) + TH26 651 2.62 28.7 0.09 

HSM-11 D P DWH + Pxw) 964 3.87 43.1 0.09 
HSM-13 C P DWH + Flood 703 2.83 32.3 0.09
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Table 10-19 Controlling Load Combination Stress Results for Weld of Outer Botton 
Plate 

(Primary Stress1)

137 of 138 

n Cover

Load Service Stress Nodal Weld Allowable Stress 

Case Level Category Loads Force Stress Stress 
Case_ _Level__Category_ (Ibs) (ksi) (ksi) Ratio 

FL- I A P. DWV+ PErS) 206 0.17 10.0 0.02 

TL-2 A Pm DWV + PI(jo) 393 0.32 10.0 0.03 

TL-3 A Pm DWH + PI(lo) 1,422 1.14 10.0 0.11 

TL-4 A Pm DWH + PuI(o) 1,422 1.14 10.0 0.11 

TR- I A Pm DWH + P1 (Io) + I g Axial 2,219 1.78 10.0 0.18 

TR-2 A Pm DWH + Px(lo) + Ig Trans. 1,848 1.49 10.0 0.15 

TR-3 A Pm DWH + PI(jo) + Ig Vert. 2,451 1.97 10.0 0.20 

TR-4 A Pm DWH + PI(jo) + 0.5g X, Y, Z 2,418 1.94 10.0 0.19 

TR-5 A Pm DWH + P1(10) + Ig Axial 2,219 1.78 10.0 0.18 

TR-6 A Pm DWH + P1 (1o) + lg Trans. 1,848 1.49 10.0 0.15 

TR-7 A Pm DWH + Pu1(o) + Ig Vert. 2,451 1.97 10.0 0.20 

TR-8 A Pm DWH + P1(no) + 0.5g X, Y, Z 2,418 1.94 10.0 0.19 

TR-10 D Pm PI(2o) + 75g SD (elastic/plastic) 8,295 6.67 30.2 0.22 

TR-12 D Pm PI(2o) + 60 TED 2,783 2.24 30.2 0.07 

LD-3 B Pm DWH + PI(2o) + 80k Ram 1,638 1.32 10.0 0.13 

LD-4 B Pm DWH + Pt(2o) + 80k Rant 1,638 1.32 10.0 0.13 

HSM-3 B Pm DWH + Pn(2o) 1,814 1.46 10.0 0.15 

HSM-4 B P, DWH + Pj(20) 1.814 1.46 10.0 0.15 

HSM- I D P. DWH + PI(wo) 3.386 2.72 24.0 0.11 

HSM-13 C Pm DWH + Flood 1,235 0.99 12.0 0.08 

UL-3 B Pm DWH + Po(20) + 60k Grapple 10,670 8.58 10.0 0.86 

UL-4 B Pm DWH + PI(2o) + 60k Grapple 10,670 8.58 10.0 0.86 

UL-5 C P. DWH + Pno) + 80k Grapple 13,498 10.85 12.0 0.90

Notes: 
1. Primary stresses are summarized to evaluate the shear capacity of the weld. Primary+Secondary stresses are 

summarized in Table 10-20.  
2. Stress is based on a weld thickness of 5/8 in. and a nodal tributary length of 1.99 in. Horizontal deadweight and side 

drop nodal stresses are increased by 1.99/1.5 to account for a minimum tributary length of 1.5 in.
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Table 10-20 Controlling Load Combination Stress Results for Weld of Outer Bottom
Cover Plate 

(Primary + Secondary Stress')
Ld S c S s Weld Allowable Stress 

LoadLoads Stress Stress Ratio 
Case Level Category (ksi) (ksi) 

TL-2 A PL+Pb+Q DWV + P1(10) + THs 22.14 30.1 0.74 

TL-3 A PL+Pb+Q DWH + PRIo) + TH7  22.81 30.1 0.76 

TL-4 A PL+Pb+Q DWH + PI(Io) + THs 16.85 30.1 0.56 

TR-l A PL+Pb+Q DWH + Pj(jo) + Ig Axial + TH7  23.76 30.1 0.79 

TR-2 A PL+Pb+Q DWH + Pg(10) + Ig Trans + TH7 23.09 30.1 0.77 

TR-3 A PL+Pb+Q DWH + P1(Io) + I g Vert. + TH7  23.49 30.1 0.78 

TR-4 A PL+Pb+Q DWH + P1(jo) + 0.5g X,Y,Z + TH7  23.68 30.1 0.79 

TR-5 A PL+Pb+Q DWH + P~j(o) + Ig Axial + THs 17.80 30.1 0.59 

TR-6 A PL+Pb+Q DWH + P(0o) + lg Trans + TH% 17.13 30.1 0.57 

TR-7 A PL+Pb+Q DWH + Pioo) + Ig Vert. + THO 17.53 30.1 0.58 

TR-8 A PL+Pb+Q DWH + P1(jO) + 0.5g X,Y,Z + THs 17.72 30.1 0.59 

LD-3 B PL+Pb+Q DWH + PR2o) + 80k Ram + TH7  24.15 30.1 0.80 

LD-4 B PL+Pb+Q DWH + PI(2o) + 80k Ram + THs 17.85 30.1 0.59 

HSM-3 B PL+Pb+Q DWH + Pt(2o) + TH15 9.07 30.1 0.30 

HSM-4 B PL+Pb+Q DWH + P42o) + TH26  9.75 30.1 0.32 

UL-3 B PL+Pb+Q DWH + P1(20) + 60k Grap + TH 1s 15.65 30.1 0.52 

UL-4 B PL+Pb+Q DWH + P6) +60k Grap + TH1 6 16.65 30.1 0.55

Mntpe

1. Primary+Secondary stress intensities are summarized to evaluate membrane+bending in the weld. Primary weld 

stresses are evaluated in Table 10-19.
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QT24PIP (anall 

Date/Time: 4/19/00 10:07 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC SI 

Loads Considered: Internal pressun 

Analysis Type: *Static 

Materials: *Linear 

Geometry: _Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

,sis) (1)

PM

PT24PIP (DostDrocessina) (1)

4/22/20 9:45 AM

r. 4.0 

1450 MHz

*SOLUTION *POST1 

iell Assembly: Shell and top end components

on inner pressure boundary (2,3)

Thermal 

Non-Linear 

Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.  

3. Load Steps 5 and 6 reverse an earlier "ekill" command used to pin the weld of the outer cover 
plate. Consideration of nonlinear geometry may yield inaccurate results for these load steps.  
However, results from Steps 5 and 6 are not used.

Date: __//__/0_ 

Date: (FP '

NO: SCE-01
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QT24PIP.inp 

/batch, list 
/filname,qt24pip 
/title,24P-FO DSC Shell Assembly (Top End, 90 degree Model) 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,1.OE+06,,,, 5 
I r,202,1.OE+07 

r,203,1.OE+07 
r,204,1.OE+07 

keyopt,20,7,1 

et,21,shell63 
r,21,0.75/2 

tref, 700

* 3-D point to surface contact elements 
* normal stiffness of gap elem btwn inner & outer plates 

normal stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 
normal stiffness of gap elem btwn support ring & plug 

keyopt (7)=1 

Elastic Shell - Lifting Lugs 
half-thickness of lug 

* maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (lBCr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
mptemp, 7,700 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 SA-240 Type 316 
mpdata,ex, l,7,24.8E+06 I SA-240 Type 316 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************* 
mptemp, 1,70,200,300,400,500,600 
mptemp, 7,700 
dens,2,490/1728 
mpdata,ex,2,1,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,ex,2,7,25.5E+06 
nuxy,2,0.29

csys, 0

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50

¶ Hring=2.00 

T_ring=0.75 

L otc=H dsc-0.12 
Litc=L otc-Totc

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring 

I outer top cover plate location (top surface) 
I inner top cover plate location (top surface)

TRANSNUCLEAR, INC.  
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L_tplug=L itc-T itc tol 
L_ring=L_tplug-T-tplug I sul 
L_lug=L_ring-H_ring-0.75 luc 

B_lug=3.25 ba.  
H_lug=4.13 
R_lug=l.75 
R thru=l.38/2 

/com lower shell keypoints 
k,i,OR 
k, 2, IR 
k,6,IR,,H dsc/2 
k,7,OR,,H-dsc/2 

/com upper shell keypoints 
k,70,IR,,L_lug-B_lug 
k,71,IR,, L_lug 
k,72,IR,,L_ring-Hring 
k,73,IR,, L_ring 
k,74,IR,,L itc 
k,75,IR,,L-otc-T tw 
k,76,IR+0.21,,L otc 
k,77,OR-0.19,,L otc 
k,78,OR,,H_dsc-O.59 
k,79,0R,,L itc 
k,80,OR,,L-ring 
k,81,OR, ,L ring-Hring 
k,82,OR,,L_lug 
k,83,OR,,L_lug-B_lug 

/com outer top cover plate keyl 
k,90,IR,,L otc 
k,91,IR-0.49,,L otc 
k,92,IR-0.9,,L otc 
k,93,0,,L otc 
k,95,0,, Litc 
k,96,IR-.44,,L itc 

/com inner top cover plate key] 
k,101,0,,L itc 
k,102,0,,L-tplug 
k,103,IR,, L_tplug 
k,i04,IR-.44,,L itc 
k,105,IR-.44,,L~tplug 

/com top shield plug keypoints 
k,Ii0,IR,,L_tplug 
k,i,0,,L_tplug 
k, 112,0, , Lring 
k,113,IR,, L_ring 

/com support ring keypoints 
k,120,IR,,L_ring 
k,121,IR-Tring, ,L_ring 
k,122,IR-T_ring,,L_ring-H_ring 
k, 123, IR,,Lring-Hring

shield plug location (top surface) 
pport ring location (top surface) 

location (top interface with shell) 

se height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

points 
weld at inner radius of DSC 
weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

points 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104 

outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

outer radius at top surface 
inner radius at top surface 
inner radius at bottom surface 
outer radius at bottom surface

/czm lifting lug keypoints 
k,130,IR-Hlug+Rlug,,L_ring-R_lug 
k,131,IR-Hlug+Rlug,,Lring 
k,132,IR-H_lug+(l-.707)*Rlug 
k,132,IR-H_lug+(l-.707)*Rlug,,Lring-Rlug-.707*Rlug

i
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I k,133,IR-0.6,,Llug-B_lug 

klist 

/com meshing *

/com define arcs to sweep 
Isel,none 
k,200,0,,H dsc/2 
k,201,IR-5,,Hdsc/2 
k,202,0,IR-5,H dsc/2 
larc,201,202,200, IR-5 
cm, swparcl,line 
lesize,swp_arcl,,,26,1

isel,none 
k,203,IR-7,,Hdsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204,200, IR-7 
cm, swp_arc2,line 
lesizeswparc2,,,12,1 
allsel 

/com upper shell elements 
lsel,none 
asel,none 
vselnone 
type, 11 
mat, l 
a,6,70,83,7 
a, 70,71,82,83 
a, 71,72,81,82 
a, 72,73,80,81 
a, 73,74,79,80 
a, 74,75,78,79 
a, 75,76,77,78 
lsel,r,loc,x,IR+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel,s, ,,6,70,64 
lslk, s,l 
lesize,all,2.31,,,l/6.4 
ksel,s,, ,7,83,76 
lslk, s,l 
lesize,all,2.31,,,6.4 
vdrag,all,,,,,,.  
esize,0.75 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

volumes and lines 

26 divisions on "swp arcl"

12 divisions on "swp_arc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swp arcl") 
0.75" element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel, none 
type, 12 
mat, 1 
a,91,92,96,75 
Isel,r,loc,x,IR-0.9,IR I select lines for dividing 
flist 
lesize,all,, ,2 ' 2 divisions for selected lines 
vdrag,all,,,,,,l ' generate volume-along line 1 ("swp_arcl") 
v, 92,kp(0, IR-0.9,L_otc),93,93,96, kp(0,IR-O.44,L_itc),95,95

I
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ksel,s,.,,93,95,2 
islk, s, 1 
lesize, all,,, 2 
vmesh,all 
cm, aouttop, area 
cm, vouttop, volume 
ksel,all

select centerline 
lines containing selected keypoints 
2 divisions thru plate thickness

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,13 
mat, l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,1 generate volume along line 1 ('swparcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,Ltplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, a~l 
cm, aintop,area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
Isel,none 

,-sel, none 
vsel,none 
type, 14 
mat,2 
ksel,s,kp,,110,113,1 
ldrag,1l0,113,,,,,2 generate lines along line 2 ("swp_arc2") 
v,ll0,kp(0,IR,L_tplug),1ll,lll,113,kp(0,IR,Lring),112,112 
esize,T_tplug/3 ! 3 elements thru plate 
vmesh, all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type,15 
mat, l 
a, 76, 91,75,75 
lsel,r, loc, z,L otc 
lesize,all,,,2,0.49/0.21 ' 2 d: 
vdrag,all,,,,,,1 ! gen 
vmesh, all 
cm, atopweld,area 
cm, vtopweld,volume 

/com support ring elements 
Isel,none 
asel,none 

ývsel,none 
type, 16 
mat, l 

' a,120,121,122,123 
lsel,r,loc,z,Lring seli

ivisions, generate node at IR 
?rate volume along line 1 ("swp_arcl")

ect upper radial line

VI
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lesize,all,,,2,(T_ring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,L_ring-Hring ! select lower radial line 
lesize,all,,,2,.40/(T-ring-.40) ! 2 divisions, gen node at shield plug chamfer 
lsla,s I lines contained in above areas 
vdrag,all,,,,,, i generate volume along line 1 ("swp arcl") 
esize,H ring/2 I 2 elements thru plate height 
vmesh, all 
cm, asupring, area 
cm, vsupring, volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type, 21 
real, 21 
mat,l 
larc,131,132,130,R lug 
a,70,71,122,121,131,132,133 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,Lotc 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a, area,,a_gross 
asba, agross,a_thru 
amesh, all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode, node,,num,max 
ngen, 2,maxnode, all,,,0,90,0 
egen, 2,maxnode, all 
csys,0 
esel,s,type,,ll,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg, node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

allsel 

/com merge nodes for material continuity

esel,s,type,,11,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s, type,,l1,13,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l

-u
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nsel,r,loc,z,Litc-.01,Litc+.01 
nummrg,node weld of inner cover plate to shell 

esel,s,type,,11,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-.01,Lring+.01 
nummrg,node upper (continuous) weld of support ring 

nsel,s, loc, y,0,90/26 
nsel,a,loc,y,5.9*90/26,7.1*90/26 
nsel,a, loc,y, 11.9*90/26,13.1*90/26 
nsel,a,loc, y,1 8 .9*90/26,20.1*90/26 
nsel,a, loc, y,24.9*90/26,26*90/26 
nsel, r, loc,x, IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-H ring-.01,Lring-H ring+.01 
nummrg,node lower (intermittent) weld of support ring 

csys,0 cartesian coordinates 
allsel

/com reflect quarter geometry to generate half model

*get,maxnode, node,,num,max 
nsym,x,maxnode,all 
esym,,maxnode,all 

I *do, i, ll,16,1 
.4 /gopr 

esel,stype,,i 
* nsle 
* nummrg,node 

*enddo 

esel,s,type,,21 
nsle 

I nummrg,node 

allsel 

/com define contact elements 
/com top end plates

esel,s,type,,ll 
nsle 
cm, contll,node ! nod 

esel,stype,,12 
nsle 
cm, contl2,node ! nod 

esel,s ,type,,13 
nsle 
cm,contl3,node I nod 

csysl ! cyl 
esel,s, type,,16 
nsle 

/nsel,r,loc,z,L_ring-.01,Lring+.Ol 
nsel,r,loc,x,IR-Tring+.l,IR-.1 
cm,contl6,node I nodi 
nsle

* get maximum node number 
* reflect all nodes 
* reflect all elements 

* merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

es of upper shell 

es of outer top cover plate 

es of inner top cover plate 

indrical coordinates 

es of support ring at plug chamfer¶
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nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r, loc,x, IR-T-ring-.l, IR-Tring+.l 
cm,contl6l,node nodes of support ring at inner radius 
csys,0 cartesian coordinates

cmsel, s, contl3 
nsel,r,loc,z,L itc-.01,L itc+.01 
cm,targl3l2,node ! i nner top cover plate top surface nodes

esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.0l 
cm, targl4l3, node ! top shield plug top surface nodes

csys, 1 ! cylindrical coordinates

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
cm, targl4ll,node ! top shield plug circumferential nodes

esel,s, type,,14 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.0l 
nsel,r,loc,x,l0.5*IR/12,IR+.l ! mesh dependent 
cm,targl4l6,node ! support ring inner top surface nodes

csys, 0 

-~-W1-1s e 1 
type, 20 
real, 201 
gcgen, contl2,targl3l2,1 

real,202 
gcgen, contl3,targl4l3,1 
real,203 
gcgen,contll,targl4ll,1 
real,204 
gcgen,contl6,targl4l6,1 
gcgen,contl6l,targl4l6,1

! cartesian coordinates

generate contact elem btwn inner & outer plates 

* generate contact elem btwn plug & inner plate 

* generate contact elem btwn plug and shell 

* generate contact elem btwn support ring & plug 
* gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.0l 
d,all,uy,0 ! symmetry about x-z plane 
allsel

nsel,s,loc,x,-.01,.01 
d, all,ux,0 
allsel

! symmetry about y-z plane (90 degree model only!)

/com restrain center shield plug nodes for stability 
/com********* valid only for axisymmetry * 
esel,s,type,,14 shield plug only 
nsle 

.isel,r, loc,x,0,0.1 
nsel,r, loc,y,0,0.1 
d,all,ux,0 
allsel

I
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/com end of shell-boundary conditions 
nsel,s,loc,z,Hdsc/2 shell now ends at mid-height 
d, all,uz 
allsel

/com couple shield plug axially to support 
/com ********* valid for internal pressure 
esel,s,type,,14,16,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-.01,Lring+.01 
cp, next,uz,all 
allsel 
save

ring for stability 
loading

fini 

/solution 

/com analysis parameters 
antype,static 
nropt,auto 
neqit,100 
pred, on,,on 
autots,on 
nlgeom, on 
eqslvpcg, le-7 

--fcom load step 1 - .0005 psi internal pressure on shell & inner cover plate 
/title,24P-FO DSC (Top End) .0005 psi Pressure on Shell & Inner Cover 
nsubst, 1,10 
csysl I cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,Ltplug+.01 
nsel,r,loc,x,0, IR+.01 
sf,all,pres,.0005 
nsle 
nsel,r,loc,z,L_tplug-.01,L itc+.01 
nsel,r,loc,x,IR-.0l,IR+.01 
sf,all,pres,.0005 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save

/com load step 2 -10 psi internal pressure on shell & 
/title,24P-FO DSC (Top End) 10 psi Pressure on Shell & 
nsubst, 1,40 
csys,1 ! cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel, r, loc, z, H_dsc/2,L -tplug+.01 
nsel,r,loc,x,0,IR+.0l 
sf, all, pres, 10 

nsle 
nsel,r,loc,z,L tplug-.01,L itc+.01 .,nsel,r, loc,x, IR-.01,IR+.01

sf, all, pres, 10 
csys,0 c cartesian coordinates 
allsel

inner cover plate 
Inner Cover

I REVISION: 0

-I

0%o., -- U1

SCE-U1.U2U4 A1-10 of A1-17
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iswrite 
save 
solve 
save 

/com load step 3 - pin outer cover plate weld 
/title,24P-FO DSC (Top End) 10 psi on Shell & Inner Cover (Outer Cover Pinned) 

nsubst, 1,20 
esel,s,type,,15 
nsle 
ekill,all kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
save 

/com load step 4 - 20 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Top End) 20 psi Shell & Inner Cover (Outer Cover Pinned) 

nsubst, 1,40 
csys,l cylindrical coordinates 
esel,s,type,,1l,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,L_tplug+.01 
nsel, r, loc, x, 0,IR+. 01 
sf,all,pres,20 

____ nsle n-waLr, loc, z, L tplug-. 01, L itc+.O01 

nsel,r,loc,x,IR-.01,IR+.Ol 
sf, all, pres, 20 
csys,0 cartesian coordinates 
allsel 
1swrite 
save 
solve 
save 

/com load step 5 - unpin outer cover plate weld 
/title,24P-FO DSC (Top End) 20 psi Pressure on Shell & Inner Cover 
nsubst,1,20 
ealive,all ! unkill weld elements 
lswrite 
save 
solve 
save 

/com load step 6 - 60 psi internal pressure on shell & inner cover plate 

/title,24P-FO DSC (Top End) 60 psi Shell & Inner Cover 
nsubst, 1,40 
csys,l £ cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,H_dsc/2,Ltplug+.01 
nsel,r,loc,x,0,IR+.0l 
sf,all,pres, 60 
nsle 
nsel,r,loc,z,L_tplug-.01,Litc+.01 
nsel,r,loc,x,IR-.01,IR+.01 S '.all,pres,60 

cartesian coordinates 
allsel 
lswrite 
save

I--
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solve 
save 

/com load step 7 - pin outer cover plate weld 
/title,24P-FO DSC (Top End) 60 psi Shell & Inner Cover (Outer Cover Pinned) 
nsubst, 1,20 
esel,s,type,,15 
nsle 
ekill,all kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive,all unkill weld elements for postprocessing 
save

fini 

/exit 

/eof

|
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PB24PIP.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, top end 

/com internal pressure load 
resume,qt24pip,db 
/postl 
file,qt24pip, rst 

/com element plots 

/show,pt24pip,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 ! numbers, no colors 
/vup,l,-x ! x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 precise hidden 
esel,u,type,, 2 0 unselect contact elements 
eplot I plot elements 
/zoom, l,rect, 0.225,0.639,0.952,-0.380 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl cylindrical coordinate system 
dsys,l 
rsys,l 

*do, iset, 2,7 I define steps to postprocess 

/go 
set, iset 

/com DSC Upper Shell Postl Results 
esel,s,type,,ll 
nsle 
nsel,r, loc, y,0 
esln 
esel, r, type,,ll 
nsle 
/com 
/com shell adjacent to DSC end components 

*do,ix,IR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IR,0,Lotc-Ttw) 
onode=node(ix,0, Lotc) 
nlist, inode,onodeonode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L_otc-.47/2,L-otc-.47,-.47/2 

inode=node(IR,O,L_otc-Ttw) 
onode=node(OR, 0, iz) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L_ring+9.5,Lring-Hring-5,-.5 

inode=node(IR,0,iz) 
onode=node(OR,0,iz) 

SAif,onode,eq,node(OR,0,iz+.5),cycle 
(Inlist,inode,onode, onode-inode 

-- path, inode, onode 
\prsect 

*enddo 
/com

REVISION: 0 
PAGE: A1-13 of A1-i7

II
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/com, shell at mid-height 
inode=node(IR,-OH dsc/2) 
onode-node(OROH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

/com DSC Outer Top Cover Plate Postl Results ----------------------------------
eselsltype,,12 
nsle 
nsel, r. loc, Y, 0 
esln 
eselrtypet,12 
nsle 
*doixOIR-0.9,(IR-0.9)/26 
inode=node(ix,0tLitc) 
onode=node(ix,0tLotc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IR-.22,Ofl85.17) 
onode=node(IR-.70,0,L-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
inode=node(IR,0,Lotc-Ttw) 
onode=node(IR-.49,0,L otc) 
nlistinodeonodeonoie-inode 
lpathinodeonode 
prsect 

/com DSC Outer Top Cover Plate Weld Postl Results -----------------------------
eselstype,,15 
nsle 
nsel, r. loc, Y, 0 
esln 
eselrtype,,15 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IROL otc-T tw) 
onode=node(ixOL otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 

/com, DSC Inner Top Cover Plate Postl Results ----------------------------------
eselstype,,13 
nsle, 
nsel, r. loc, Y, 0 
esln 
eselrtype,,13 
nsle 
*doixOIR-.44,(IR-.44)/26 
inode=node(ixOLtplug) 
onode-node(ixOL itc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IROLtplug) 
onode=node(IROL itc) 
nlistinodeonodeonode-inode

TRANSNUCLEAR9 INC.  
TN YVEBT
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ipath, inode, onode 
prsect 

/com DSC Tbp Shield Plug Postl Results ----------------------------------------
esel,s,type,,14 
nsle 
nsel,r, loc,y,0 
esln 
esel, r, type, ,14 
nsle 

*do, ix, 0,IR, IR/12 
inode=node(ix,0,L_ring) 
onode=node(ix,0,L_tplug) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 

/com DSC Support Ring Postl Results 
esel,s,type,,16 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type,, 16 
nsle 

*do, ix, IR-T ring, IR, TIring/2 
inode=node(ix,O,Lring-H_ring) 
onode=node(ix,0, L_ring) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate 
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-Ttw-.01,Lotc-Ttw+.0l 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate---------------------------
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,'IR-.01,IR+.Ol 
nsel,rloc, z,L_itc-.01,L-itc+.01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l S nsel,r,loc,z,Lring-.01,L ring+.01 
spoint,,.01,.01,0 - summation in cylindrical coordinate system 
nlist 
nforce 
/com

I
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/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,0.221,0.536,0.

9 48 ,-0. 4 6 8 

/auto,l ! zoom - fit 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,0.251,0.411,0. 9 40,-0.506
/auto, 1

/dscale, , 1

! zoom - fit

! displacement scale

/com shell elements 
esel, s,type,,ll 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com outer cover plate 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s, int,0 
/view,,0.2,0.8,0.5 
/replot

weld elements 

! plot stress intensity

/com inner cover plate elements 
esel,s,type,,13 
nsle

Cr •PROJECT NO:

I � Vi MIVIvuIUN;
I La n 2*4 4 /%1-1O OIPi-i

V

/'I-10 OTA" 1I-11R•I::..N1 13•04,

/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel, r,loc, z,L_ring-Hring-.l,Lring-Hring+.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height --------------------------------------
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,0 , numbers and colors 
/device,vector,0 raster plots 
ernorm, off 
dsys,0 
/show,file,,0 plot to file
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/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel, s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel, s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

plot stress intensity 

plot stress intensity 

plot stress intensity

! end load step loop

exit,nosave

/eofI
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: 

Run ID: 

Date/Time: 

ANSYS Version: 

Hardware Summary: 

Operating System: 

CPU: 

Analysis Modules Used: 

Component Analyzed: 

Loads Considered: 

Analysis Type: 

Materials:

SCE-Ol .0204

QT24PFL (analysis) (1)

4/20/00 12:38 AM

PT24PFL (postprocessing) (1)

4/22/20 9:49 AM

5.3 PC386/486

Windows NT Ver. 4.0

DualPentium-Ill 450 MHz ________

*PREP7 *SOLUTION *POST1 

24P-FO DSC Shell Assembly: Shell and top end components

External flood Dressure. internal pressure (2.3)

*Static 

*Linear

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

Thermal 

Non-Linear 

_Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.  

3. Load Step 5 reverses an earlier "ekill" command used to pin the weld of the outer cover plate.  
Consideration of nonlinear geometry may yield inaccurate results for this load step. However, 
results from Step 5 are not used.

Checked By:
"Steven K. tr-eutkr

Date: -4//cb" 

Date:

I'

Run By:

I E I

m 

m
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QT24PFL.inp 

/batch, list 
/filname, qt24pfl 
/title,24P-FO DSC Shell Assembly (Top End, 90 degree Model) 
/prep7 

/com shell assembly components 
et,l,solid45 3-D Elastic/Plastic Solid - DSC Lower Shell

et,ll,solid45 
et,12,solid45 
et,13, solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,1.OE+06,,,, 5 
r,202,1.0E+06,1E7/100 

r,203,1.OE+07 

r,204,1.0E+06,1E7/l00 
keyopt, 20,7,1 

et,21,shell63 
r,21,0.75/ 2 

tref, 450

3-D point to surface contact elements 
normal stiffness of gap elem btwn inner & outer plates 
norm/tan stiffness of gap elem btwn plug & inner plate 
! normal stiffness of gap elem btwn plug and shell 
norm/tan stiffness of gap elem btwn support ring & plug 
keyopt (7)=l 

Elastic Shell - Lifting Lugs 
, half-thickness of lug 

I maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-SNi) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.0E+06,26.5E+06,

2 5.SE+06,25. 3 E+0 6 I SA-240 Type 316 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) *** * 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.SE+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,

2 6 . 7 E+ 0 6 

nuxy, 2,0.29

csys, 0

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H_ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-T otc 
L-tplug=L itc-T itc 
L_ring=Ltplug-T_tplug 
L_lug=L_ring-Hring-0.75

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
I thickness of support ring

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top interface with shell)

! 

! 

!

! ! 
! 
!

! ! 
! 
! 
!
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B_lug=3.25 
H_lug=4.13 
R_lug=l.75 
R thru=l.38/2 

/com lower shell keypoints 
k, 1, OR 
k,2,IR 
k,6,IR,,Hdsc/2 
k,7,OR,,H-dsc/2 

/com upper shell keypoints 
k,70,IR,,L_lug-B_lug 
k,71,IR,,L_lug 
k,72,IR,, L_ring-Hring 
k,73,IR,,L_ring 
k,74,IR,,Litc 
k,75,IR,,Lotc-T tw 
k,76,IR+0.21,,L_otc 
k,77,OR-0.19,,L otc 
k,78,OR,,Hdsc-O.59 
k,79,OR,,Litc 
k,80,OR,,Lring 
k,81,OR,,L_ring-Hring 
k,82,OR,,Llug 
k,83,OR,,L_lug-B_lug 

/com outer top cover plate 
k,90,IR,,Lotc 
k,91,IR-0.49,,L -otc 
k,92,IR-0.9,,L_otc 
k, 93, 0,, L otc 
k, 95, 0, , L-itc 
k,96,IR-.44,,L_itc 

/com inner top cover plate 
k,101,0,,L itc 
k,102,0,,L-tplug 
k,103,IR,,L_tplug 
k,104,IR-.44,,L itc 
k,105,IR-.44, ,Ltplug 

/com top shield plug keypc 
k,i10,IR,,L tplug 
k,l1l,0,,L tplug 
k,112,0,,L_ring 
k,113,IR,,Lring 

/com support ring keypoint 
k, 120, IR, ,L_ring 
k, 121, IR-Tring,,L_ring 
k, 122,IR-T ring,,L ring-H_ 
k, 123, IR, ,Lring-Hring

base height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

I bottom base of the lifting lug 
I top base of the lifting lug 

bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

keypoints 
weld at inner radius of DSC 
weld interface at top surface 

center of top surface 
! center of bottom surface 

outer radius (chamfer)at bottom surface 

keypoints 
center of top surface 

I center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 

! line up with KPI04 

ints 
outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

oa 
outer radius at top surface 

! inner radius at top surface 
_ring inner radius at bottom surface 

!outer radius at bottom surface

/com lifting lug keypoints 
k,130,IR-Hlug+R lug,,Lring-Rlug 
k,131,IR-Hlug+R lug,,L_ring 
k,132,IR-Hlug+(l-.707)*R lug 
k, 132,IR-H lug+(l-.707)*R lug,,Lring-R_lug-.707*R lug 
k,133,IR-0.6,,Llug-B_lug

klist(4

CALCULATION NO:

mm

! ! 
.! 
t 
! 
!

IPAGEt:
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/com meshing ******************************************* * * *

/com define arcs to sweep vol 
lsel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,Hdsc/2 
larc, 201,202, 200, IR-5 
cm, swparcl,line 
lesize,swp_arcl,,,26,1 

lsel,none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204, 200,IR-7 
cm, swp arc2,line 
lesize,swp-arc2,,,12,1 
allsel 

/com upper shell elements 
isel,none 
asel,none 
vsel,none 
type, ll 
mat, l 
a,6,70,83,7 
a,70,71,82,83 
a, 71,72,81,82 
a, 72,73,80,81 
a, 73,74,79,80 
a, 74,75,78,79 
a, 75,76,77,78 
lsel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel, s, ,,6,70,64 
lslk,s,l 
lesize,all,2.31,,,1/6.4 
ksel, s,,,7,83,76 
islk, s,l 
lesize, all,2.31,,, 6.4 
vdrag,all,,,,,,l 
esize, 0.75 
vmesh,all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat, l 
a, 91,92,96,75 
lsel,r,loc,x, IR-0.9,IR ! sele 
llist 
lesize,all,,,2 ! 2 di 
vdrag,all,,,,,,l ! gene 
v,92,kp(O,IR-0.9,L otc),93,93,96,kp 
ksel,s,,,93,95,2 sele 
lslk,s,l line 
lesize,all,,,2 2 di 
vmesh, all

umes and lines 

26 divisions on "swparcl" 

12 divisions on "swparc2" 

select lines for dividing

visions thru shell thickness 
ct central shell line (inner) 
s containing selected keypoints 
o 0.625" element size 
ct central shell line (outer) 
s containing selected keypoints 
to 4" element size 

rate volume along line 1 ("swparcl") 
" element height for unmeshed lines 

ct lines for dividing 

visions for selected lines 
rate volume along line 1 ("swp-arcl") 
(0,IR-0.44,Litc),95,95 
ct centerline 
s containing selected keypoints 
visions thru plate thickness

JRIEVI31UN:
U

I -. *. - .2 Afl At!

I

0

/'•-00T/'•- tO

? ? 
? 
? 
? 
! 
? 
? 
?
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cm, aouttop,area 
cm, vouttop,volume.  
ksel,all 

/com inner top cover plate elements 
Isel,none 
asel, none 
vsel,none 
type, 13 
mat, l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesizeall,,,1, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp-arcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,L_tplug),102,102 
esize,T itc/2 I 2 elements thru plate 
vmesh, all 
cm, aintop, area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 14 
mat,2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 generate lines along line 2 ("swparc2") 
v,1l0,kp(0,IR,L_tplug),lll,lll,113,kp(0,IR,L_ring),112,112 
esize,T_tplug/3 1 3 elements thru plate 
vmesh, all 
cm, atopplug, area 
cm, vtopplug, volume 
ksel,all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat, 1 
a, 76, 91, 75, 75 
lsel,r,loc,z,L otc 
lesize,all,,,2,0.49/0.21 ! 2 divisions, generate node at IR 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
vmesh,all 
cm, atopweld, area 
cm, vtopweld, volume 

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat, 1 
a,120,121,122,123 
lsel,r,loc,z,Lring I select upper radial line 
lesize,all,,,2,(T_ring-.40)/.40 ! 2 divisions, gen node at shield plug chamfer 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,Lring-Hring ! select lower radial line 
lesize,all,,,2,.40/(T-ring-.40) ! 2 divisions, gen node at shield plug chamfer
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Isla, s 
vdrag,all,,,,,,l-.  
esize,H_ring/2 
vmesh,all 
cm, asupring, area 
cm, vsupring,volume

/com lifting lug elements 
isel,none 
asel,none 
vsel,none 
type, 21 
real, 21 
mat,l 
larc,131,132,130,R lug 
a,70,71,122,121,131,132,133 
cm,a_gross,area 
asel,none 
wplane,,0,0,0, IR, 0,0,0,0,L_ 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,agross 
asba,agross,athru 
amesh, all 
csys,l 
esel,s,type,,21 
allsel,below,elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode,all 
csys,0 
esel,s,type,,l1,21,10 
allsel,below,elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg, node

lines contained in above areas 
generate volume along line 1 ("swp arcl") 

1 2 elements thru plate height 

define arc 
define gross area 

otc ! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity 

esel,s,type,,11,12,1 
esel, a, type,,15
nsle 
nummrg, node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s,type,,1l,13,2 
nsle 
nsel, r, loc, x, IR-.01, IR+.01 
nsel,r,loc,z,Litc-.01,Litc+.Ol 
nummrg, node I weld of inner cover plate to shell 

esel, s,type,,l1,16,5

'I

(4

JE
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nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,Lring-.01,L_ring+.O1 
nummrg,node ! upp.er (continuous) weld of support ring

nsel,s,loc,y,0,90/26 
nsel,a, loc, y,5.9*90/26,7.1*90/26 
nsel,a, loc,y, 11.9*90/26,13.1*90/26 
nsel,a, loc, y, 18.9*90/26,20.1*90/26 
nsel,a,loc, y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.0l,IR+.01 
nsel,r,loc,z,L_ring-Hring-.01,L_ring-Hring+.01 
nummrg,node ! lower (intermittent) weld of support ring 

csys,0 ! cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max ! get maximum node number 
nsym,x,maxnode,all reflect all nodes 
esym,,maxnode,all reflect all elements 

*do, i, ll,16, 1 merge nodes at line of symmetry (top shell components) 
/gopr 
esel,s,type,,i 
nsle 
nummrg, node 

*enddo

esel,s,type,,21 
nsle 
nummrg, node ! merge nodes at line of symmetry (lifting lug nodes)

allsel

/com define contact elements 
/com top end plates

esel, s, type,,ll 
nsle 
cm, contll,node 

esel, s, type,,12 
nsle 
cm, contl2,node 

esel, s, type, ,13 
nsle 
cm, contl3,node

I nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csysl ! cylindrical coordinates 
esel, s, type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
*nsel,r,loc,x,IR-Tring+.lIR-.l 
cm,contl6,node ! nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.01 
nsel,r,loc,x,IR-T_ring-.l,IR-T_ring+.l 
cm, contl6l,node I nodes of support ring at inner radius 
csys,0 I cartesian .oordinates

[
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cmsel,s,contl3 
nsel,r,loc,z,Litc-.01,Litc+.0l 
cm, targl3l2,node ! i nner top cover plate top surface nodes

esel,s,type,,14 
nsle 
nsel,rloc,z,L tplug-.01,L_tplug+.0l 
cm,targl4l3,node ! top shield plug top surface nodes

csys, 1 ! cylindrical coordinates

esel, s, type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
cm,targl4ll,node top 

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
nsel,r, loc,x, 10.5*IR/12,IR+.1 
cm,targl4l6,node sup] 

csysO I car

allsel 
type, 20 
real,201 
gcgen, contl2,targl3l2,1 
real,202 
gcgen, contl3,targl413,1 
I real,203 

gcgen,contll,targl4ll,l 
real,204 
gcgen, contl6, targl4l6,1 
gcgen,contl6l,targl4l6,1

shield plug circumferential nodes 

! mesh dependent 
port ring inner top surface nodes 

tesian coordinates

I generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 

! generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 
gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.0l 
d,all,uy,0 I symmetry ab 
allsel

nsel,s,loc,x,-.0l,.Ol 
d, all,ux, O 
allsel

out x-z plane

! symmetry about y-z plane (90 degree model only!)

/com restrain center shield plug nodes for stability 
/com ********* valid only for axisymmetry * 
esel,s,type,,14 ! shield plug only 
nsle 
nsel, r, loc,x,0,0.1 
nsel, r, loc, y, 0,0.1 
d, all,ux,0 
allsel 

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell now ends at mid-height 
d, all,uz

1 rAut: /',,-•t OT /j-z]t1
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allsel

/com UZ couple inner cover plate and shield plug at center 
/com ******* valid for external pressure load ******* 

esel,s,type,,13,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.0l 
nsel, r, loc, x, 0,0.1 
nsel, r, loc, y, 0,0.1 
cp,next,uz,all I inner cover pl & shield plug 
allsel

save 

f ini 

/solution

/com analysis parameters 
antype, static 
nropt,auto 
neqit,500 
pred,on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7 

/com load step 1 - .0005 psi external pressure on shell & outer cover plate 
/title,24p-FO DSC (Top End).0005 psi External Pressure 
nsubst, 1,10 
csys,l I cylindrical coordinates 
esel,s,type,,12,15,3 
esel,a, type,,ll 
nsle 
nsel,r,loc,z,L otc-.01,L otc+.01 ! outer cover plate & weld 
nsel,a,loc,x,OR-.20,OR+.Ol shell 
sf,all,pres,.0005 
csys,0 c cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - 22 psi external pressure on shell & outer cover plate 
/title,24p-FO DSC (Top End) 22 psi External Pressure 
nsubst,1,20 
r,202,1.OE+07,lE7/100 ! norm/tan stiff. of gap elem btwn plug & inner plate 
r,204,1.OE+07,lE7/100 I norm/tan stiff. of gap elem btwn support ring & plug 
csys,l ! cylindrical coordinates 
esel,s,type,,12,15,3 
esel,a,type,,ll 
nsle 
nsel,r,loc,z,L otc-.01,L otc+.01 ! outer cover plate & weld 
nsel,a,loc,x,OR-.20,OR+.O1 I shell 
sf, all,pres,22 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save

/com load step 3 - pin outer cover plate-weld
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/title,24p-FO DSC (Top End) 22 psi External Pressure (Outer Cover Pinned) 
nsubst,l,20 
esel,s,type,,15 
nsle 
ekill,all kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
save 

/com load step 4 - add 10 psi internal pressure on shell & inner cover plate 
/title,24p-FO DSC (Top End) 22 psi Ext. + 10 psi Int. (Outer Cover Pinned) 
nsubst, 1,8 
pred,off 
pred, on 
csysl cylindrical coordinates 
esel,s,type,,11,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,Ltplug+.01 
nsel,r, loc,x,0, IR+.01 
sf,all,pres,10 
nsle 
nsel,r,loc,z,L_tplug-.01,Litc+.01 
nsel,r,loc,x,IR-.01,IR+.01 
sf, all,pres, 10 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 5 - unpin outer cover plate weld 
/title,24p-FO DSC (Top End) 22 psi External + 10 psi Internal Pressure 
nsubst, 1,8 
pred, off 
pred,on,,on 
ealive,all !-unkill weld elements 
lswrite 
save 
solve 
save 

fini 

/exit

/eof

I
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PT24PFL. inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, top end 
/com flood load 
resume,qt24pfl,db 
/postl 
file,qt24pfl,rst 

/com element plots 
/show,pt24pfl,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l I vector plots 
/num,2 I numbers, no colors 
/vup,l,-x x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot plot elements 
/zoom,l,rect,0.225,0.639,0.952,-0. 3 8 0 
/show, off discontinue plots to file 
/auto,l ! zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l 

*do,iset,2,5 I define steps to postprocess 
/go 
set, iset 

/com DSC Upper Shell Postl Results---------------------------------------------
esel,s,type,,ll 
nsle 
nsel,r, loc, y, 0 
esln 
esel,r, type,,ll 
nsle 
/com 
/com shell adjacent to DSC end components 
*do,ix,IR+.21,OR-.19,OR-.19-(IR+.21) 

inode=node(IR,O,L_otc-T tw) 
onode=node(ix,0,L_otc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,Lotc-.47/2,Lotc-.47,-.47/2 

inode-node(IR,O,Lotc-Ttw) 
onode-node(OR,0,iz) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L ring+9.5,Lring-Hring-5,-.5 

inode=node(IR, 0,iz) 
onode=node(OR,0,iz) 
*if,onode,eq,node(OR,0,iz+.5),cycle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/com
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/com shell at mid-height 
inode=node(IR,9,H_dsc/2) 
onode=node(OR,0,H_dsc/2) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

/com DSC Outer Top Cover Plate Postl Results-----------------------------------
esel,s,type,,12 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type, ,12 
nsle *do, ix,0,IR-0.9,(IR-0.9)/26 

inode=node(ix,0,L itc) 
onode=node(ix,0,L otc) 
nlist, inode,onodeonode-inode 
lpath, inode,onode 
prsect 

*enddo 
inode=node(IR-.22,0,185.17) 
onode=node(IR-.70,0,L otc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
inode=node(IR,0,Lotc-Ttw) 
onode=node(IR-.49,0,Lotc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect

/com DSC Outer Top Cover Plate Weld 
esel, s, type,,15 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r, type,,15 
nsle 
*do,ix,IR-.49,IR+.21,(.49+.21)/2 

inode=node(IR,0,Lotc-Ttw) 
onode=node(ix,0,Lotc) 
nlist, inode, onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Inner Top Cover Plate Postl 
esel,s,type,,13 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r, type,,13 
nsle 
*do,ix,0,IR-.44,(IR-.44)/26 

inode=node(ix, 0,Ltplug) 
onode=node(ix,0,L_itc) 
nlist,inode,onode,onode-inode 
bpath, inode,onode 
prsect 

*enddo 
inode=node(IR,O,Ltplug) 
onode=node(IR,o,Laitc) 
nlist,inode,onode,onode-inode

Postl Results----------------------------

Results----------------------------------
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lpath, inode,onode 
prsect 

/com DSC Top Shield Plug Postl Results-----------------------------------------
esel,s,type,,14 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r, type,,14 
nsle 

*do, ix,0,IR, IR/12 
inode=node(ix,0,L_ring) 
onode=node(ix,0, L_tplug) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com DSC Support Ring Postl Results 
esel,s, type,,16 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r,type,,16 
nsle 

*do, ix, IR-T_ring, IR,T_ring/2 
inode=node(ix,0,L_ring-Hring) 
onode=node(ix,0,L_ring) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate 
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L otc-T tw-.01,L otc-T tw+.01 
spo3nt,,.01,.0,0 T summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate----------------------------
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L-itc-.01,L-itc+.01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel, r, loc,x, IR-.01, IR+.0l 
nsel,r,loc,z, L_ring-.01,L-ring+.01 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com
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/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.1,IR+.l 
nsel,r,loc,z,L_ring-Hring-.l,L_ring-H_ring+.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel

/com Stress Plots 
Inum, o 
/device,vector, 0 
ernorm, off 
dsys,0 
/show, file,,0 

/dscale,,300

numbers and colors 
raster plots 

plot to file 

displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 unselect contact elements 
/type, 1,6 z-buffered display 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,0.221,0.536,0.94 8 ,-0.468 
/auto,l zoom - fit 
/type,l,4 ! precise hidden 
/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,0.251,0.411,0. 9 4 0,-0.506 
/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 £ plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, 0 plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com outer cover plate 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s, int, 0 
/view,,0.2,0.8,0.5 
/replot

weld elements 

! plot stress intensity

/com inner cover plate elements

0
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esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel

plot stress intensity 

plot stress intensity 

plot stress intensity

! end load step loop

f ini 

exit,nosave 

/eof

C
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QB24PED (anal 

Date/Time: 9/6/00 6:20 PM 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: PentiumPro 200 

Analysis Modules Used: X PREPF 

Component Analyzed: 24P-FO DSC Sl 

Loads Considered: 60q top end dro, 

Analysis Type: X Static 

Materials: X Linear 

Geometry: _Linear _X 

Element Types Used: 

Solid45: 3-D elastic/olastic solid

vsis) (1) PB24PED (Dostorocessina) (1)

916100 7:13 PM

.r. 3.51 ('Build 1057•

X SOLUTION X POST1 

iell Assembly: Shell and top end components

n. internal nressure (2,3)

Thermal 

Non-Linear 

Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.  

3. Load Step 6 reverses an earlier "ekill" command used to pin the weld of the outer cover plate.  
Consideration of nonlinear geometry may yield inaccurate results for this load step. However, 
results from Step 6 are not used.  

Run By: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Date: _ _ _ _ _

Checked By: Date: '74o:'
SCraig M. Staridafer

I Cl

r. 3.51 (Build 10571
)

i
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QT24PED.inp 

/batch, list 
/filname,qt24ped 
/title,24PT1-DSC Shell Assembly (Top End, 90 degree Model) 
/prep7 

/com shell assembly components 
etl,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et,ll solid45 
et,12, solid45 
et,13,solid45 
et,14, solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 
r,201,1.OE+05.... 5 
r,202,l.0E+05,1E7/l00 
! r,203,1.OE+07 
r,204,1.0E+05,1E7/l00 
keyopt,20,7,1 

et,21,shell63 
r,21,0.75/2 

tref,500

3-D point to surface contact elements 
normal stiffness of gap elem btwn inner & outer plates 
norm/tan stiffness of gap elem btwn plug & inner plate 
! normal stiffness of gap elem btwn plug and shell 
norm/tan stiffness of gap elem btwn support ring & plug 
keyopt (7)=1 

Elastic Shell - Lifting Lugs 
half-thickness of lug 

maximum temperature

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-SNi) * 
mptemp,1,70,200,300,400,500,600 
densl,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.0E+06,26.5E+06,25.8E+06,

2 5. 3 E+06 ! SA-240 Type 316 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) * 
mptemp,l,70,200,300,400,500, 6 0 0 

dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.SE+06,28.3E+06,27.7E+06,27.3E+0

6 ,26. 7 E+06 
nuxy, 2,0.29

csys, 0

/com geometry 
T_shell=.53 
OR=67.19/2 
IR=OR-Tshell 
H_dsc=186.17 

T_otc=l.3125 
T_itc=l.25 
Ttplug=7.625 
T_tw=.50 

HLring=2.00 
T_ring=0.75 

L_otc=H_dsc-0.12 
L_itc=L_otc-T_otc 
L tplug=L-itc-Titc 
L_ring=Ltplug-Ttplug 
L_lug=Lring-Hring-0.75

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 

! height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top. interface with shell)

/1

! ! 
! 
! 
! 
!

! ! 
E 
!

! 
! 
! 
!
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B_lug=3.25 
H_lug=4.13 
R~lug=l.75 

! R_thru=l.38/2 

/com lower shell keypoints 
k01,OR 
k,2,IR 
k,6,IR,jMdsc/2 
k,7,OR, ,H dsc/2 

/com upper shell keypoints 
k,70,IR, L.lug-Bjlug 
k,71,IR, _Llug 
k,72,IR, L-ring-H ring 
k,73,IR, ,L_ring 
k,74,IR, ,Litc 
k,75,IR, ,L_otc-T_tw 
k,76,IR+0.21,,Lotc 
k,77,OR-0.19,,Lotc 
k,78,OR,,ldsc-0.59 
k,79,OR,,L-itc 
k,80,OR, ,L-ring 
k,81,OR,,L-ring-H-ring 
k,82,OR,,L-lug 
k,83,OR,,L_lug-B_lug 

/com outer top cover plate 
k,90,IR,,L-otc 
k,91,IR-0.49,,L_otc 
k,92,IR-0.90,L-otc 
k,93,0,,Lotc 
k,950, ,L-itc 
k,96,IR-.44,,Litc 

/com inner top cover plat 
k,10l0,,L-itc 
k,102,0,,L-tplug 
k, 103,IR,,L_tplug 
k,104,IR-.44,,L_itc 
k,105,IR-.440°L-tplug 

/com top shield plug keyp 
k,1l0,IR,,L.tplug 
k,1ll,0,,L-tplug 
k,112,0, ,Lring 
kll3,IR,,Lring 

/com support ring keypoin 
k,120,IR,,Lring 
k,121,IR-T-ring,,L.ring 
k,122,IR-T-ring,,L-ring-H.  
k, 123,IR,,L ring-H_ring

base height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 

! mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 

! upper chamfer 
! line up with KP74 

line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

keypoints 
weld at inner radius of DSC 

! weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

e keypoints 
center of top surface 

! center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104 

oints 
outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

ts 
! outer radius at top surface 

inner radius at top surface 
.ring ! inner radius at bottom surface 

outer radius at bottom surface

/com lifting lug keypoints 
k,130,IR-H-lug+Rjlug,,L_ring-R~lug 
k,131,IR-H-lug+R-lug,,Lring 
k,132,IR-H-lug+(1-.707)*Rlug 
k,132, IR-HIlug+(1-.707)*R lug, ,Lring-Rlug-.707*R.lug 
k,133,IR-0.6,,L.lug-B.lug

klist

CACLAIN O
A3-4 Of A3-16

! 
! 
! 
! 
! 
!
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/com meshing *

/com define arcs to sweep vol 
isel,none 
k,200,0, ,Hdsc/2 
k,201,IR-5,,H.dsc/2 
k,202,0,IR-5,Hldsc/2 
larc,201,202,200,IR-5 
cm, swp-arcl,line 
lesize,swp.arcl,,,26,1 

isel,none 
k,203,IR-7,,IHLdsc/2 
k,204,0,IR-7,H.dsc/2 
larc,203,204,200,IR-7 
cm, swp arc2,line 
lesize,swp-arc2,, ,12,1 
allsel 

/com upper shell elements 
lsel,none 
asel,none 
vsel,none 
type, ll 
mat,l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73, 80,81 
a,73,74, 79,80 
a,74,75, 78,79 
a,75,76 ,77,78 

lsel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,,,2 
ksel~s,, ,6,70,64 
lslk,s,l 
lesize,all,2.31,,,1/6.4 
ksel,s,,,7,83,76 
lslk,s,1 
lesize,all,2.31,, ,6.4 
vdrag,all, ,,,, 
esize,0.75 
vmesh,all 
cm, aushell,area 
cm,vushell,volume 
ksel,all

.umes and lines 

26 divisions on 'swparcl" 

12 divisions on "swp-arc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swp arcl") 
0.75* element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat,l 
a,91,92,96,75 
lsel,r,loc,x,IR-0.9,IR select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
vdrag,all,,,,,.l generate volume along line 1 ("swp-arcl") 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp(0,IR-0.44,Litc),95,95 
ksel,s,,,93,95,2 ! select centerline 
lslk,s,l ! lines containing selected keypoints 
lesize,all,,,2 ! 2 divisions thru plate thickness 
vmesh,all

I
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cm, aouttop,area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,1 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.1 
lesize,all,,,1, ! 1 division for horizontal lines 
vdrag,all,,,,l ! generate volume along line 1 ("swparcl") 
v,104,kp(0,IR-.44,L-itc),101,101,105,kp(0,IR-.44,L-tplug),102,102 

esize,T_itc/2 ! 2 elements thru plate 
vmesh,all 
cm, aintop,area 
cm, vintop,volume 
ksel,all

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 14 
mat,2 
ksel,s,kp,,110,113,1 
ldrag,1f0,113 ..... 2 I generate lines along line 2 
v,110,kp(O,IR,L!tplug),l11,l11,113,kp(O,IR,L.ring),11

2 ,112 
esize,Ttplug/3 ! 3 elements thru plate 
vmesh,all 
cm, atopplug,area 
cm,vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat,1 
a,76,91, 7 5, 7 5 
lsel,r, loc,z,L-otc 
lesize,all,,,2,0.49/0.21 ! 2 d 
vdrag,all ...... 1 gen 
vmesh,all 
cm, atopweld,area 
cm, vtopweld,volume

(*swp-arc2")

ivisions, generate node at IR 
erate volume along line 1 (*swp_arcl')

/com support ring elements 
lsel,none 
asel,none 
vsel, none 
type, 16 
mat,1 
a,120,121,122,123 
lsel,r,loc,z,Ljring I select upper radial line 
lesize,all,,,2,(Tring-.40)/.40 ! 2 divisions, gen node 
lsla,s ! lines contained in above 
lsel,r,loc,z,Lring-H_ring ! select lower radial line 
lesize,all,,,2,.40/(Tring-.40) ! 2 divisions, gen node

at shield plug chamfer 
areas 

at shield plug chamfer
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lsla, s 
vdrag,all,,,,,,l 
esize,H_ring/2 
vmesh, all 
cm, asupring,area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat,1 
larc,131,132,130,R.lug 
a,70,71,122,121,131,132,133 
cm, agross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,L_ 
cyl4,kx(l30),kz(130),R_thru 
wpstyle,defa 
cm, athru,area 
asel,a,area,,a-gross 
asba,a-gross,a_thru 
amesh,all 
csys,1 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen,2,maxnode,all 
csys,0 
esel,s,type,,ll,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

lines contained in above areas 
! generate volume along line 1 ("swp arcl") 

2 elements thru plate height 

define arc 
define gross area 

otc ! workplane definition 
define circular area of thru hole 
return to default workplane 

! cylindrical coordinates 
! select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a, type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s,type;,11,13,2 
nsle 
nselr,loc,x,IR-.0l,IR+.01 
nsel,r,loc,z,L-itc-.01,Litc+.0l 
nummrg,node ! weld of inner cover plate to shell

esel,s,type,,ll,16,5

A
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nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,z,L-ring-.01,L-ring+.01 

nummrg,node ! upper (continuous) weld of support ring 

nsel,s,loc,y,0,90/26 
nsel,a,loc,y,5.9*90/26,7.1*90/26 
nsel,a, loc,y, 11.9*90/26,13.1*90/26 
nsela, loc,y,18.9*90/26,20.1*90/26 
nsela, loc,y,24.9*90/26,26*90/26 
nselr,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L-ring-Hring-.01,L-ring-H-ring+.0l 
nummrg,node lower (intermittent) weld of support ring 

csys,0 ! cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max ! get maximum node number 
nsym,x,maxnode,all ! reflect all nodes 
esym,,maxnode,all ! reflect all elements

*do,i,l1,16,1 
/gopr 

! esel,stype,,i 
! nsle 

nummrg,node 
I *enddo 

! esels,type,,21 
I nsle 

nummrg,node

! allsel 

/com define contact elements 
/com top end plates 

esel,s,type,,ll 
nsle 
cm, contll,node 

esel,stype,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node

merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

! nodes of outer top cover plate 

nodes of inner top cover plate

csys,l ! cylindrical coordinates 
esel,stype,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,IR-Tring+.l,IR-.l 
cm, contl6,node ! nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,L-ring-.01,L~ring+.01 
nsel,r, loc,x, IR-T-ring-.1,IR-Tring+.1 
cm,contl6l,node ! nodes of support ring at inner radius 
csys,0 ! cartesian coordinates
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cmsel,s,contl3 
nsel,rloc,z,L_itc-.01,L_itc+.0l 
cm,targl3l2,node ! i nner top cover plate top surface nodes

esel,s,type, 14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.Ol 
cm, targl413,node ! top shield plug top surface nodes

csys, 1 ! cylindrical coordinates

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
cm,targl4ll,node ! top 

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.0l 
nsel,r,loc,x,10.5*IR/12,IR+.l 
cm,targl4l6,node ! sup 

csys,0 ! car

allsel 
type, 20 
real, 201 
gcgen,contl2,targl3l2,1 
real,202 
gcgen,contl3,targl413,1 

real,203 
I gcgen, contll,targl4ll,1 
real,204 
gcgen,contl6,targl4l6,1 
gcgen,contl6l,targl4l6,1

shield plug circumferential nodes 

! mesh dependent 
port ring inner top surface nodes 

tesian coordinates

generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 

! generate contact elem btwn plug and shell 

! gen contact elem btwn support ring & plug (outer) 
gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp,elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.0l 
d,all,uy,0 ! symmetry about x-z plane 
allsel

nsel,sloc,x,-.0l,.0l 
d,all,ux,0 
allsel

! symmetry about y-z plane (90 degree model only!)

/com restrain center shield plug nodes for stability 
/com ********* valid only for axisymmetry * 
esel,s,type,,14 ! shield plug only 
nsle 
nsel,r,loc,x,0,0.1 
nsel,rloc,y,0,0.1 
d,all,ux,0 
allsel 

/com end of shell boundary conditions 
nsel,s,loc,z,H-dsc/2 I shell now ends at mid-height 
d,all,uz

CAC LTO NO:.......

Ajt-vd Of /A- .1-D
|
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allsel

/com UZ couple inner cover plate and shield plug at center 
/com ******* valid for dead weight and end drop ******* 

esel,s,type,,13,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.01 
nsel,r,loc,x,0,0.1 
nsel,r, loc,y, 0,0.1 
cp,next,uz,all ! inner cover pl & shield plug 
allsel

save 

f ini 

/solution

/com analysis parameters 
antype,static 
nropt,auto 
neqit,500 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7

/com load step 1 - 0.001g bottom end drop 
/title,24PT1-DSC (Top End) 0.001g Bottom End Drop 
nsubst,1,8 
acel,,,0.001 0.001g acceleration 
lswrite 
save 
solve 
save

/com load step 2 - lg bottom end drop 
/title,24PT1-DSC (Top End) Ig Bottom End Drop 
nsubst,1,8 
r,202,1.OE+07,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 
r,204,1.OE+07,1E7/100 norm/tan stiffness of gap elem btwn support ring & plug 
acel.,,l. ! lg acceleration 
lswrite 
save 
solve 
save

/com load step 3 - 60g bottom end drop 
/title,24PT1-DSC (Top End) 60g Bottom End Drop 
nsubst,l,8 
acel,,,60. ! 60g acceleration 
lswrite 
save 
solve 
save

/com load step 4 - pin outer cover plate weld 
/title,24PT1-DSC (Top End) 60g Bottom End Drop (Outer Cover Pinned) 
nsubst,1,8 
esel,s,type,,15 
nsle 
ekill,all kill weld elements 
esel,all 
nsle
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lswrite 
save 
solve 
save 

/com load step 5 - add 20 psi internal pressure to 60g top end drop 
/title,24PT1-DSC (Top End) 60g Bottom End Drop + 20 psi (Outer Cover Pinned) 
nsubst,1,8 
pred, off 
pred, on 
csys,l cylindrical coordinates 
esel,s,type,,11,13,2 
nsle 
nsel,r, loc,z,H dsc/2,Ltplug+.0l 
nsel,rloc,x,0,IR+.0l 
sf,all,pres,20 
nsle 
nsel,rloc,z,L tplug-.01,Litc+.0l 
nsel,r,loc,x,IR-.01,IR+.01 
sf,all,pres,20 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 6 - unpin outer cover plate weld 
/title,24PTI-DSC (Top End) 60g Bottom End Drop + 20 psi 
nsubst,1,8 
pred, off 
pred, on,,on 
ealive,all ! unkill weld elements 
lswrite 
save 
solve 
save 

fini 

/exit 

/eof
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PT24PED.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, top end 
/com bottom end drop with & without pressure 
resume,qt24ped,db 
/postl 
file,qt24ped,rst 

/com element plots-------------------------------------------------------------
/show,pt24ped,pic,l plot to file 
/triad,rtop ! triad in upper right corner 
/device,vector,1 vector plots 
/num,2 I numbers, no colors 
/vup,l,z ' z-axis up 
/view,,-0.2,-0.9,0.3 
/type,1,4 ! precise hidden 
esel,u,type,,20 ! unselect contact elements 
eplot ! plot elements 
/zoom,l,rect,-0.399,0.917,0.392,0.221 
/show, off ! discontinue plots to file 
/autol zoom - fit 

csysl cylindrical coordinate system 
dsys,l 
rsys,l 

C *do,iset,2,6 define steps to postprocess 
/go 
set,iset 

/com DSC Upper Shell Postl Results---------------------------------------------
esel,s,type,,ll 
nsle 
nsel,r,loc,y,0 
esln 
esel,r,type,,ll 
nsle 
/com 
/com shell adjacent to DSC end components 
*do,ix,IR+.21,OR-.19,OR-.19-(IR+.21) 

inode=node(IR,0,Lotc-Ttw) 
onode=node(ix, 0,Lotc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,Lotc-.47/2,Lotc-.47,-.47/2 

inode=node(IR,0,L.otc-T-tw) 
onode=node(OR,0,iz) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do, iz,L.ring+9.5,L.ring-H_ring-5,-.5 

inode=node(IR,0,iz) 
onode=node(OR,0,iz) 
*if,onode,eq,node(OR,0,iz+.5),cycle 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
/com
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/com. shell at mid-height 
inode=node(IROH-dsc/2) 
onode=node(OFý,0,Hdsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

/com DSC Outer Top Cover Plate Postl Results ----------------------------------
eselstype,,12 
nsle 
nselrlocyo 
esln 
eselrtype,,12 
nsle 
*doixOIR-0.9,(IR-0.9)/26 
inode=node(ix,0,Litc) 
onode=node(ix,0,1ý_otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IR-.22,0,185.17) 
onode=node(IR-.70,0jý_otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
inode=node(IR,0,1ý_otc-Ttw) 
onode=ncde(IR-.49,0,Lotc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

/com, DSC Outer Top Cover Plate Weld Postl Results -----------------------------
eselsltype,,15 
nsle 
nselrlocyo 
esln 
eselrtype,,15 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IR,0,Lotc-Ttw) 
onode=node(ixOLotc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 

/com, DSC Inner Top Cover Plate Postl Results ----------------------------------
eselstype,,13 
nsle 
nselrllocyO 
esln 
eselrtype,,13 
nsle 
*doixOIR-.44,(IR-.44)/26 
inode=node(ixOLtplug) 
onode=node(ixOLitc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IROLtplug) 
onode=node(IROL-itc) 
nlistinodeonodeonode-inode

TRANSNUCLEARy INC, 
TN WEST
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ipath, inode,onode 
prsect 

/com DSC Top Shield Plug Postl Results 
esel,stype,,14 
nsle 
nsel,r,loc,y,0 
esln 
esel,r,type,,14 
nsle 

*do,ix,0,IR, IR/12 
inode=node(ix,0,L_ring) 
onode=node(ix,0,L-tplug) 
nlist, inode,onode,onode-inode 
lpath, inodeonode 
prsect 

*enddo 

/com DSC Support Ring Postl Results 
esel,s,type,,16 
nsle 
nsel,r,loc,y,0 
esln 
esel,r,type,,16 
nsle 

*do, ix, IR-Tring,IR,Tring/2 
inode=node(ix,0,L_ring-H_ring) 
onode=node(ix,0,Lring) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate 
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,z,L otc-T_tw-.01,Lotc-Ttw+.O0 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 
/com 
/com top row of nodes (pinned weld) 
esels,type,,13 
nsle 
nselr,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_itc-.01,Litc+.0l 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/comr 
/com top row of nodes (continuous weld) 
esel,stype,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-.01,L_ring+.Ol 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 
/com
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/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r, loc,x, IR-.l,IR+.l 
nsel,rloc,z,L_ring-HIring-.1,Lring-H-ring+.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,H dsc/2-.1,H_dsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,0 numbers and colors 
/device,vector, 0 raster plots 
ernorm, off 
dsys,0 
/show, file,,0 ! plot to file

/dscale,,40 ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 ! unselect contact elements 
/view,,-0.2,-0.9,0.3 
plnsol,s,int,0 ! plot stress intensity 
/zoom,l,rect,-0.399,0.91 7 ,0. 3 9 2 ,0. 2 2 1 
/auto,l ! zoom - fit 
/type,1,6 ! z-buffered display 
/view,,-0.2,-0.9,-0.3 
/replot 
/zoom,l,rect,-0.399,0.917,0. 3 9 2 ,0. 2 2 1 
/auto,l ! zoom - fit 
/type,l,4 ! precise hidden

/dscale, , 1 ! displacement scale

/com shell elements 
esel,stype,,ll 
nsle 
/view,,-0.4,-0.9,0.4 
plnsol,sint,0 ! plot stress intensity 
/view,,0.9,0.6,0.4 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,0 ! plot stress intensity 
/view,,0.2,0.9,-0.4 
/replot

/com outer cover plate 
esel,stype,,15 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,0 
/view,,0.2,0.9,-0.4 
/replot

weld elements 

! plot stress intensity

/com inner cover plate elements
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esel,s,type,,13 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,O 
/view,,0.2,0.9,-0.4 
/replot 

/com shield plug elements 
esels, type,,14 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,O 
/view,,0.2,0.9,-0.4 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.9,0.4 
plnsol,s,int,O 
/view,,0.2,0.9,-0.4 
/replot

dsys, 1 

*enddo

plot stress intensity 

plot stress intensity 

plot stress intensity

! end load step loop

allsel 

fini 

exit,nosave

/eof
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: QT24P1G (anal 

Date/Time: 3/9/00 5:28 PN 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC St 

Loads Considered: 1g axial outward 

Analysis Type: *Static 

Materials: *Linear 

Geometry: Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

vsis) (1) PT24P1G (postprocessina) ("

5/2/00 9:26 AM

r. 4.0

I 450 MHz

*SOLUTION *POST1 

iell Assembly: Shell and top end components

I acceleration, fuel inertial pressure (2)

Thermal 

Non-Linear 

•Non-Linear

-Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: Date: . _//I /Z_., 

Date: e•6,/9/Checked By:

/I
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QT24PIG.inp 

/batch, list 
/filname,qt24plg 
/title,24P-Standard DSC Shell Assembly (Top End, 90 degree Model) 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et,ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 3-D point to surface contact elements 
r,201,1.0E+06,,,,5 normal stiffness of gap elem btwn inner & outer plates 

r,202,l.0E+06,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 
r,203,1.0E+07 normal stiffness of gap elem btwn plug and shell 
r,204,1.0E+06,1E7/l00 norm/tan stiffness of gap elem btwn support ring & plug 

keyopt,20,7,1 keyopt (7)=l 

I et,21,shell63 Elastic Shell - Lifting Lugs 
r,21,0.75/2 half-thickness of lug 

tref,500 maximum temperature 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 I SA-240 Type 316 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ********* 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
nuxy, 2,0.29

csys, 0

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H-ring=2.00 
T_ring=0.75 

L otc=Hdsc-0.12 
L itc=L otc-T otc 
L-tplug=L itc-T itc 
L~ring=Ltplug-T_tplug 
L_lug=Lring-Hring-0.75

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
I thickness of support ring 

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top interface with shell)

B 3base height of the lifting lugB_lug=3.25
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H_lug=4.13 
R_lug=l.75 
R thru=l.38/2 

/com lower shell keypoints 
k, l,OR 
k,2,IR 
k, 6,IR,,Hdsc/2 
k,7,OR,,H-dsc/2 

/com upper shell keypoints 
k,70,IR,,L_lug-B_lug 
k,71,IR,,L_lug 
k,72,IR,,Lring-H ring 
k,73,IR,,Lring 
k,74,IR,,L itc 
k,75,IR,,L-otc-T tw 
k,76,IR+0.21,,L -otc 
k,77,OR-0.19,,L-otc 
k,78,OR,,H dsc-0.59 
k,79,OR,,L-itc 
k,80,OR,,Lring 
k,81,OR, ,L_ring-H ring 
k,82,OR, ,Llug 
k,83,OR,,L_lug-B_lug 

/com outer top cover plate 
k,90,IR,,L otc 
k,91,IR-0o.49,,L otc 
k,92,IR-0.9,,L_otc 
k,93,0,,L_otc 
k,95,0,,L itc 
k,96,IR-.44,,L_itc 

/com inner top cover plate 
k,i01,0,,L_itc 
k,102,0,,Ltplug 
k,103,IR,,L_tplug 
k,104,IR-.44,,Litc 
k,105,IR-.44,,L_tplug 

/com top shield plug keypo: 
k,110,IR,,L_tplug 
k, 111,0, , Ltplug 
k, 112,0, , L_ring 
k,113,IR,,L_ring

I radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 

I line up with KP70 

keypoints 
weld at inner radius of DSC 

I weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

keypoints 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104

ints

/com support ring keypoints 
k,120,IR,,L_ring 
k,121,IR-Tring,,Lring 
k,122,IR-Tring,,L_ring-H_ring 
k,123,IR,,L_ring-H ring

outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

outer radius at top surface 
I inner radius at top surface 

inner radius at bottom surface 
outer radius at bottom surface

/com lifting lug keypoints 
k,130,IR-H_lug+Rlug,,Lring-Rlug 
k,131,IR-H_lug+Rlug,,Lring 
k,132,IR-H_lug+(l-.707)*R_lug 
k,132,IR-H_lug+(l-.707)*Rlug,,Lring-Rlug-.707*Rlug 
k,133,IR-0.6,,Llug-B_lug 

klist

/com meshing ******************************************************************

I
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/com define arcs to sweep volumes and lines 
isel, none 
k,200,0,,H dsc/2 
k,201,IR-5,,H_dsc/2 
k,202,0,IR-5,H_dsc/2 
larc, 201,202,200, IR-5 
cm,swp_arcl,line 
lesize,swp-arcl,,,26,1 26 divisions on "swp_arcl"

lsel,none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H_dsc/2 
larc, 203,204,200,IR-7 
cm, swparc2,line 
lesize, swparc2,,,12,1 
allsel 

/com upper shell elements 
lsel,none 
asel,none 
vsel,none 
type, ll 
mat,l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r,loc,x, IR+0.01,OR-0.01 
llist 
lesize,all,, ,2 
ksel,s,,,6,70,64 
lslk, s,l 
lesize,all,2.31,,,I/6.4 
ksel, s,,,7,83,76 
lslk, s,l 
lesize,all,2.31, ,,6.4 
vdrag, all,,,,,,l 
esize, 0.75 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

12 divisions on "swp_arc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swparcl") 
0.75" element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel, none 
type, 12 
mat, 1 
a, 91, 92, 96, 75 
lsel,r,loc,x,IR-0.9,IR select lines for dividing 
llist 
lesize,all,,,2 I 2 divisions for selected lines 
vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 I select centerline 
lslk,s,l I lines containing selected keypoints 
lesize,all,,,2 1 2 divisions thru plate thickness 
vmesh,all 
cm, aouttop, area

-w
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cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
aselnone 
vsel,none 
type, 13 
mat,l 
ksel,s, kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp_arcl") 
v,104,kp(0,IR-.44,Litc),l0l,10l,105,kp(0,IR-.44,L_tplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, afl 
cm, aintop,area 
cm, vintopvolume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 14 
mat,2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 generate lines along line 2 ("swparc2") 
v,ll0,kp(0,IR,L-tplug),lll,lll,113,kp(0,IR,Lring),ll2,112 
esize,T tplug/3 3 elements thru plate 
vmesh, all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type,15 
mat, l 
a,76,91,75,75 
lsel,r,loc,z,L otc 
lesize,all,,,2,0.49/0. 2 1 2 d.  
vdrag,all,,,,,,l I gen 
vmesh,all 
cm, atopweld, area 
cm, vtopweld, volume

ivisions, generate node at IR 
erate volume along line 1 ("swp-arcl")

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat,l 
a,120,121,122,123 
lsel,r,loc,z,L ring I select upper radial line 
lesize,all,,,2,(T_ring-.40)/.40 ! 2 divisions, gen node at shield 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,Lring-Hring ! select lower radial line 
lesize,all,,,2,.40/(T_ring-.40) ! 2 divisions, gen node at shield 
lsla,s ! lines contained in above areas

plug chamfer 

plug chamfer
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vdrag,all,,,,,,l 
esize,H ring/2 
vmesh, all 
cm, asupring, area 
cm, vsupring, volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type, 21 
real,21 
mat, l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,132,133 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,L 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,agross 
asba,a_gross,a-thru 
amesh, all 
csys,l 
esel,s,type,,21 
allsel,below,elem 
*get,maxnode,node,,num, max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode, all 
csys, 0 
esel, s,type,,ll,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

generate volume along line 1 ("swparcl") 
2 elements thru plate height 

define arc 
define gross area 

otc ! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel, s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg, node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only) 

csys,l cylindrical coordinates 

esel, s,type,,11,13,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L itc-.01,L itc+.0l 
nummrg,node ! weld of inner cover plate to shell

esel,s,type,,ll,16,5 
nsle

A4-7 of A4-16
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nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-.01,L_ring+.Ol 
nummrg, node ! upp er (continuous) weld of support ring

nsel,s,loc,y,0,90/26 
nsel,a,loc,y, 5.9*90/26,7.1*90/26 
nsel,a,loc,y,ll.9*90/26,13.1*90/26 
nsel,a,loc,y,18.9*90/26,20.1*90/26 
nsel,a, loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-Hring-.01,Lring-Hring+.0l 
nummrg, node lower (intermittent) weld of support ring 

csys,0 cartesian coordinates 
allsel

! /com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym,x,maxnode,all 
esym,,maxnode,all 

*do,i, ll,16,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg,node 

*enddo 

1 esel,s,type,,21 
nsle 
nummrg,node 

allsel 

/com define contact elements 
/com top end plates

esel,s,type,,ll 
nsle 
cm, contll,node 

esel,s,type,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate

csysl ! cylindrical coordinates 
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm,contl6,node I nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.0l 
nsel,r,loc,x,IR-T_ring-.l,IR-T_ring+.1 
cm, contl6l,node I nodes of support ring at inner radius 
csys,0 I cartesian coordinates

-w
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cmsel,s,contl3 
nsel,r,loc,z,L itc-.01,L itc+.Ol 
cm,targl3l2,node inner top cover plate top surface nodes 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L tplug-.01,Ltplug+.01 
cm, targl413,node ! top shield plug top surface nodes

csys, 1 ! cylindrical coordinates

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
cm, targl411,node ! top shield plug circumferential nodes

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.0l,Lring+.0l 
nsel,r,loc,x,l0.5*IR/12,IR+.l mesh dependent 
cm,targl416,node ! support ring inner top surface nodes

csys, 0 ! cartesian coordinates

allsel 
type, 20 
real, 201 
gcgen, contl2,targl3l2,1 

real,202 
gcgen, contl3,targl4l3,1 
real,203 
gcgen,contll,targl4ll,l 

I real,204 
gcgen,contl6,targl4l6,1 
gcgen,contl6l,targl4l6,1

generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 

generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 
gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp,elem

/com specify symmetric boundary conditions 
nsel,slocy,-.01,.01 
d,all,uy, 0 symmetry about x-z plane 
allsel

nsel,s,loc,x,-.01,.0l 
d,all,ux,0 
allsel

! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell now ends at mid-height 
d, all,uz 
allsel 

/com uz-couple all shield plug nodes & inner cover plate nodes at perimeter ...  
/com at interface between the two components.  
/com **** valid for lg outward axial acceleration * 
csysl I cylindrical coordinates 
esel,s,type,,13,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Ltplug-.01,Ltplug+.0l 
cp, next,uz,all

I
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csys, 0 
allsel 

save 

fini 

/solution 

/com analysis parameters 
antype,static 
nropt, auto 
neqit, 200 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7

! cartesian coordinates

/com load step 1 - 0.001g axial acceleration 
/title,24P-s DSC (Top End) 0.001g Axial Acceleration 
nsubst, 1,8 
acel,,,-0.001 -0.00lg acceleration 
csys,l cylindrical coordinates 
esel,s,type,,14 
nsle 
nselr,loc,z,Lring-.01,L ring+.0l 
sf,all,pres,0.01 distrib. fuel/sleeves load on inner plate 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - lg axial acceleration 
/title,24P-s DSC (Top End) lg Axial Acceleration 
nsubst, 1,8 
acel,,,-l. I -ig acceleration 
csys,l I cylindrical coordinates 
esel,s,type,,14 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.0l 
sf,all,pres,14.6 I distrib. fuel/sleeves load on inner plate 
csys,0 I cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 3 - pin outer cover plate weld 
/title,24P-s DSC (Top End) lg Axial Acceleration (Outer Cover Pinned) 
nsubst,1,8 
esel,s,type,,15 
nsle 
ekill,all I kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive, all ! unkill weld elements for postprocessing 
save

A4-1U of A4-16
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/exit 
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PT24PlG.inp 

/batch, list 
/com 
/com postprocessing input file for quarter model of DSC shell, top end 
/com ig axial handling load 
resume,qt24plg,db 
/postl 
file, qt24plg, rst 

/com element plots 
/show,pt24plg,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom,l,rect,0.225,0.639,0. 9 5 2 ,-0. 3 8 0 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,1 
rsys,1 

*do,iset,2,3 I define steps to postprocess 

/go 
set, iset 

/com DSC Upper Shell Postl Results 
esel,s,type,,ll 
nsle 
nsel, r, loc, y, 0 
esln 
esel, r,type,,ll 
nsle 
/comr 
/com shell adjacent to DSC end components 
*do, ix, IR+.21,OR-.19,0R-.19-(IR+.21) 

inode=node(IR,O,Lotc-Ttw) 
onode=node(ix, 0,Lotc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,Lotc-.47/2,L_otc-.47,-.47/2 

inode=node(IR, 0, L_otc-Ttw) 
onode=node(OR, 0, iz) 
nlist, inode,onode,onode-inode 
lpath, inode, onode 
prsect 

*enddo 
*do,iz,L ring+9.5,Lring-H_ring-5,-.5 

inode=node(IR,0,iz) 
onode=node(OR,0,iz) 
*if,onode,eq,node(OR,0,iz+.5),cycle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 
/com

I
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/com shell at mid-height 
inode=node(IROH dsc/2) 
onode=node(OROH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

/com DSC Outer Top cover Plate Postl Results ----------------------------------
eselstype,,12 
nsle 
nselrlocyO 
esln 
eselrtype,,12 
nsle 
*doixOIR-0.9,(IR-0.9)/26 
inode=node(ixOL-itc) 
onode=node(ixOL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IR-.22,0,185.17) 
onode=node(IR-.70,0,L-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
inode=node(IR,0,Lotc-Ttw) 
onode=node(IR-.49,0,L-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

/com DSC Outer Top Cover Plate Weld Postl Results -----------------------------
eselstype,,15 
nsle 
nselrlocyo 
esln 
eselrtype,,15 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IROL otc-T tw) 
onode=node(ixO, Cotc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 

/com DSC Inner Top Cover Plate Postl Results ------------------------- r --------

eselstype,,13 
nsle 
nselr.locY10 
esln 
eselrtype,,13 
nsle 
*do,,ix,0,IR-.44,(IR-.44)/26 
inode=node(ixOLtplug) 
onode=node(ixOL itc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
inode=node(IROL tplug) 
onode=node(IR,0,L-itc) 
nlistinodeonodeonode-inode
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ipath, inode, onode 
prsect 

/com DSC Top Shield Plug Postl Results 
esel,s,type,,14 
nsle 
nsel,r,loc,y, 0 
esln 
esel,r,type,,14 
nsle 

*do, ix,0, IR, IR/12 
inode=node(ix,0,L_ring) 
onode=node(ix,0,L_tplug) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo 

/com DSC Support Ring Postl Results 
esel,s,type,,16 
nsle 
nsel, r, loc, y, 0 
esln 
esel,r, type,,16 
nsle 

*do,ix,IR-T ring,IR,Tring/2 
inode=node(ix, 0, L ring-Hring) 
onode=node(ix, 0,L_ring) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate---------------------------
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L otc-T tw-.01,L otc-T tw+.01 
spoint,,.0l,.01,0 T summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 
/com 
/com top row of nodes (pinned weld) 
esel, s, type,,13 
nsle 
nsel,r,loc,x,IR-.01,1IR+.0l 
nsel,r,loc,z,L itc-.01,Litc+.0l 
spoint,,.01,.0l,o summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring-------------------------------------
/com 
/com top row of nodes (continuous weld) 
esel,stype,,16 
nsle 
nsel,r,loc,x,IR-.0l,IR+.01 
nsel,r,loc, z,L_ring-.01,Lring+.Ol 
spoint,,.0l,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 

/Com
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/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.1,IR+.l 
nsel,r,loc,z,Lring-Hring-.l,Lring-H ring+.l 
spoint,,.01,.01,0 summation in cylindrical coordinate system 

nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 

nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,O numbers and colors 
/device,vector,O raster plots 
ernorm, off 
dsys,0 
/show,file,,O plot to file

/dscale,,auto ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,, 2 0  1 unselect contact elements 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/zoom,l,rect,0.221,0.536,0.

9 4 8 ,-0. 4 6 8 

/auto,l I zoom - fit 

/view,,-0.2,-0.8,0.5 
/replot 
/zoom,l,rect,0.251,0.411,0.

9 40,-0. 5 0 6

/auto, 1

/dscale, , 1

! zoom - fit

displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,intO plot stress intensity 
/view,,0.2,0.8,-0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com outer cover plate 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot

weld elements 

! plot stress intensity

/com inner cover plate elements 
esel,s,type,,13 
nsle

AA 4r. fAA 4A

I
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/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int, O 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

I plot stress intensity 

plot stress intensity 

I plot stress intensity

! end load step loop

exit,nosave

/eof

I PAGEI:
SC-01.I

I.
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PDW (analy 

Date/Time: 3/11/00 10:10 Al 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vei 

CPU: Dual Pentium-Ill 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: Deadweight acc 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (1)

M

PT24PDW (postprocessing) (1)

4/19/00 8:39 PM

r. 4.0 

I 450 MHz

*SOLUTION *POST1 

ell Assembly: Shell and top end components

eleration on horizontal DSC (2)

Thermal 

Non-Linear 

_Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: _ ,•.Z,_

Checked By:

Michaeal E.Con 

'VStiv6nK. 8treutker

Date: 6 //7 • 

Date:

/
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T24PDW. inp 

/batch, list 
/filname,t24pdw 
/title,24P-Standard DSC Shell Assembly (Top 
! /config,ncont,1500 
/prep7

End, 180 degree Model)

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16,solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 3-D point to surface contact elements 
! r,201,1.OE+05,,,,5 norm/tan stiffness of gap elem btwn inner & outer plates 
r,202,1.0E+06,1E7/l00 norm/tan stiffness of gap elem btwn plug & inner plate 
! r,203,1.OE+07 ! normal stiffness of gap elem btwn plug and shell 
r,204,1.OE+06,1E7/100 norm/tan stiffness of gap elem btwn support ring & plug 
keyopt,20,7,1 keyopt (7)=l

et,21,shell63 
r,21,0.75/2

tref, 500

, Elastic Shell - Lifting Lugs 
* half-thickness of lug

! maximum temperature

/ /com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.SE+06,25.3E+06 ! SA-240 Type 316 
nuxy,l,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************* * 
mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
nuxy,2,0.29

csys, 0 

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H_ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-T otc 
L-tplug=L_itc-T itc 
L_ring=L_tplug-T_tplug 
L_lug=Lring-Hring-0.75

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 

I height (length) of DSC

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.)

height of support ring 
thickness of support ring 

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 

I support ring location (top surface) 
lug location (top interface with shell)

m

I

! 

!
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B_lug=3.25 bas 
H_lug=4.13 r 
R_lug=l.75 r 
R thru=l.38/2 r 

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 

k, l,OR 
k, 2, IR 
k,6,IR,,H_dsc/2 
k,7,OR,,Hdsc/2 

/com upper shell keypoints 
k,70,IR,,L_lug-B_lug 
k,71,IR,,Llug 
k,72,IR,,Lring-H_ring 
k,73,IR,,Lring 
k,74,IR,,L_itc 
k, 75,IR,,L otc-T tw 
k,76,IR+O.21,,Lotc 
k,77,OR-0.19,,Lotc 
k,78,OR,,Hdsc-O.59 
k,79,OR,,L_itc 
k,80,OR,,L_ring 
k,81,OR,,L_ring-H_ring 
k,82,OR,,L_lug 
k,83,OR,,Llug-Blug 

/com outer top cover plate keyp 
k,90,IR,,L otc 
k,91,IR-0.49,,L otc 
k,92,IR-0.9,,L_otc 
k, 93,0, , Lotc 
k,95,0,,L itc 
k,96,IR-.44,,Litc 

/com inner top cover plate key 
k,101,0,,Litc 
k,102,0,,Ltplug 
k,103,IR,,L_tplug 
k,104,IR-.44,,Litc 
k,105,IR-.44,,Ltplug 

/com top shield plug keypoints 
k,II0,IR,,Ltplug 
k,lll,0,,Ltplug 
k,112,0,,Lring 
k,113,IR,,Lring 

/com support ring keypoints 
k,120,IR,,L ring 
k,121,IR-Tring,,L_ring 
k,122,IR-T_ring,,L_ring-H_ring 
k,123,IR,,Lring-H ring

e height of the lifting lug 
adial height of the lifting lug 
adius of lug curvature 
adius of lug thru hole 

shell outer bottom 
shell inner bottom 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

oints 
weld at inner radius of DSC 
weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

,oints 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104 

outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

* outer radius at top surface 
* inner radius at top surface 
* inner radius at bottom surface 
* outer radius at bottom surface

/com lifting lug keypoints 
k,130,IR-Hlug+Rlug,,Lring-Rlug 
k, 131,IR-H_lug+R lug,,L _ring 
k,132,IR-Hlug+(l-.707)*R_lug 
k,132,IR-Hlug+(l-.707)*Rlug,,L_ring-R_lug-.707*R lug 
k,133,IR-0.6,,L_lug-B_lug

U
'. •,CALCULATION NO: SCE-01.0204

I REVIION: U
D

I I"Aul:: AOD-4 OT1M;)- I Vd

! ! 
! 
! 
! 
!
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klist 

/comr meshing ***************************************************************** 

/com define arcs to sweep volumes and lines 
lsel,none 
k,200,0,,H dsc/2 
k,201,IR-5,,Hdsc/2 
k,202,0,IR-5,H dsc/2 
larc, 201,202,200,IR-5 
cm,swp_arcl,line 
! lesize,swp-arcl,,,26,1 26 divisions on "swparcl" 
lesize,swp_arcl,,,26,2.67/l.5 26 divisions on "swp arcl", 1.5" elem. for rail

isel, none 
k,203,IR-7,,Hdsc/2 
k,204,0,IR-7,Hdsc/2 
larc, 203,204,200, IR-7 
cm, swp_arc2,line 
lesize, swparc2,,,12,1 
allsel

! 12 divisions on "swparc2"

(remove generation of lower shell elements) 
/com lower shell elements 
lsel,none 
asel,none 
vsel,none 
mat, 1 
type, l 
a,1,2,6,7 
lsel,r,loc,x,IR+0.01,OR-0.0l I select lines for dividing 
llist 
lesize,all,,,2 2 divisions thru shell thickness 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
esize,4.0 4" element height for unmeshed lines 
vmesh,all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

/com upper shell elements 
lsel,none 
asel,none 
vsel,none 
type, ll 
mat, l 
a, 6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a,72,73,80,81 
a, 73, 74,79, 80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r,loc,x, IR+0.0l,OR-0.0l 
llist 
lesize,all,,, 2 
ksel,s,,, 6,70,64 
lslk, s,l 
lesize,all,2.31, ,,1/6.4 
ksel,s,, ,7,83,76 
lslk, s,l 
lesize,all,2.31,, ,6.4 
vdrag, all,,,,,,l 
esize,0.75

! select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swparcl") 
0.75" element height for unmeshed lines

I.

A

! ! 
! 
! 
! 
! 
! 
! 
!
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vmesh, all 
cm,aushell,area 
cm, vushell,volume 
ksel,all

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat, 1 
a, 91, 92, 96, 75 
lsel,r,loc,x,IR-0.9,IR select lines for dividing 
llist 
lesize,all,,,2 2 divisions for selected lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp-arcl") 
v,92,kp(0,IR-0.9,L -otc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 select centerline 
lslk,s,l I lines containing selected keypoints 
lesize,all,,,2 I 2 divisions thru plate thickness 
vmesh, all 
cm, aouttop,area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,13 
mat, l 
ksel,s,kp,,74 
ksel,a, kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 1 division for horizontal lines 
vdrag,all,,,,,,l I generate volume along line 1 ("swp-arcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,Ltplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, ail 
cm, aintop, area 
cm, vintop, volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 14 
mat,2 
ksel,s,kp,,l10,113,1 
ldrag,ll0,113,,,,,2 ! generate lines along line 2 ("swparc2") 
v,ll0,kp(0,IR,L-tplug),lll,lll,113,kp(0,IR,L_ring),112,112 
esize,Ttplug/3 I 3 elements thru plate 
vmesh, all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel, all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type,15

I
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mat, 1 
a,'76, 91,75,75 
lsel,r,loc,z,L otc 
lesize,all, ,,2,0.49/0.21 
vdrag, all,,,,,, 1 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume

2 divisions, generate node at IR 
generate volume along line 1 ("swparcl")

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat,l 
a,120,121,122,123 
lsel,r,loc,z,L_ring select upper radial line 
lesize,all,,,2, (Tring-.40)/.40 ! 2 divisions, gen node at shield plug c 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,Lring-Hring ! select lower radial line 
lesize,all,,,2,.40/(Tring-.40) ! 2 divisions, gen node at shield plug c 
lsla,s lines contained in above areas 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
esize,H_ring/2 I 2 elements thru plate height 
vmesh, all 
cm, asupring,area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat,l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,132,133 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,Lotc 
cyl4,kx(130),kz(130),Rthru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,agross 
asba,a_gross,a-thru 
amesh, all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen, 2,maxnode,all 
csys,0 
esel,s,type,,1l,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below,elem 
nummrg,node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

allsel

/com merge nodes for material continuity

A5-7 of A5-19

hamfer 

hamfer

I PAGE:

I
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esel,s,type,,1l,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 cylindrical coordinates

esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,x, IR-.01,IR+.01 
nsel,r,loc,z,L_itc-.01,Litc+.0l 
nummrg,node I weld of inner cover plate to shell 

esel,s,type,,ll,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,z,Lring-.01,L_ring+.01 
nummrg,node I upper (continuous) weld of support ring 

nsel,s,loc,y, 0,90/26 
nsel,a, loc,y,5.9*90/26,7.1*90/26 
nsela, loc,y,l1.9*90/26,13.1*90/ 2 6 

nsel,a,loc,y, 18.9*90/26,20.1*90/26 
nsel,a, loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc, z,Lring-Hring-.01,L ring-Hring+.01 
nummrg,node I lower (intermittent) weld of support ring 

csys,0 I cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym,x,maxnode,all 
esym,,maxnode,all 

*do, i,11,16,1 
/gopr 

esel,s,type,,i 
nsle 
nummrg,node 

*enddo 

esel,s,type,,21 
! nsle 

nummrg,node 

allsel 

/com define contact elements 
/com top end plates

esel,s,type,,ll 
nsle 
cm, contll,node

I get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

! nodes of upper shell

I

A5-8 Of A5-19
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esel,s,type,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node 
csysl 
nsel,r,loc,x,IR-.45,IR-.43 
cm, contl3l,node

nodes of outer top cover plate 

nodes of inner top cover plate 
cylindrical coordinates 

inner top cover plate nodes at outer pl. chamfer

esel,s,type,,16 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.01 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm,contl6,node ! nodes of support ring 
nsle 
nsel,r,loc, z,L_ring-.01,L ring+.01 
nsel,r,loc,x,IR-T_ring-.l,IR-Tring+.l 
cm, contl6l,node nodes of support ring 
csys,0 cartesian coordinates

cmsel,s, contl3 
nsel,r,loc,z,L itc-.01,L itc+.0l 
cm,targl312,node ! i

at plug chamfer 

at inner radius

nner top cover plate top surface nodes

esel, s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,L_tplug+.01 
cm, targl4l3,node top shield plug top surface nodes 
csysl cylindrical coordinates 
nsel,r,loc,x,10.5*IR/12,IR+.l ! mesh dependent 
cm,tarl4l3l,node ! shield plug out row of surface nodes

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
cm, targl4ll,node ! top shield plug circumferential nodes

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,10.5*IR/12,IR4+.l mesh dependent 
cm,targl4l6,node ! support ring inner top surface nodes

csys, 0 ! cartesian coordinates

allsel 
type, 20 

real,201 
gcgen,contl2,targl312,1 

real,202 
! gcgen,contl3,targl4l3,1 
gcgen,contl3,tarl4l3l,1 
gcgen, contl3l,tarl4l3l,1 

real,203 
I gcgen,contll,targl4ll,1 
real, 204 
gcgen, contl6, targl416,1 
gcgen,contl6l,targl4l6,1

generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 
I gen contact btwn plug & inner plate (outer row 1) 
I gen contact btwn plug & inner plate (outer row 2) 

! generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 
I gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering

F __M

m
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numcmp, node 
numcmp, elem 0 

/com specify symmetric boundary conditions 
nsel,s,loc, y,-.01,.01 
d,all,uy, 0 symmetry abi 
allsel

nsel,s,loc,x,-.01,.01 
d,all,ux,0 
allsel

out x-z plane

! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,s,loc,z,H dsc/2 I shell now ends at mid-height 
d, all,uz 
allsel 

/com radial restraint along 2 longitudinal lines of shell 
/com for side drop on 3" rail 
nsel,s,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,-.01,.0l 
d,all,ux,0 I restrain a longitudinal line o 
csys,l I cylindrical 
nsel,s,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,2.4,2.8 I mesh dependent 
nrotat,all 
d,all,ux,0 I restrain a long. line of nodes 
csys,0 I cartesian 
allsel

/com ux-couple shield plug & shell nodes along drop contact line 
/com valid for side loading only! 
esel,s,type,,ll,14,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,.z,Ltplug-T-tplug/6,Ltplug+0.3 !6 is mesh dependent 
cp,next,ux,all 
nsel,s,loc,x,IR-.01,IR+.01 
nsel,r,loc,y,-.01,.0l 
nsel,r,loc,z,Ltplug-Ttplug/2,L-tplug-Ttplug/6 !6 & 2 are mesh dependent 
cp,next,ux,all 
nsel,s,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Ltplug-2*Ttplug/3,L-tplug-T_tplug/2 !2, 3 & 6 are mesh dependent 
cp,next,ux, all 
allsel 

save 

fini 

/solution

/com analysis parameters 
antype,static 
nropt,auto 
neqit, 500 
pred,on,,on 
autots,on 
nlgeom, on 
eqslv, pcg, le-7

nodes at perimeter 

f nodes at x=OR 

1.5" from symm. line

AdImph"

r -,8-ALCULATION NO: SCE-01.0204
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/com load step 1 - lg/20 vertical load, horizontal DSC on rail 
/title,24P-s DSC 4Top End) ig/20 vertical load, horizontal DSC on rail 
nsubst, 1,8 
acel,-1/20 
lswrite 
save 
solve 
save 

/com load step 2 - lg gravity load, horizontal DSC on rail 
/title,24P-s DSC (Top End) lg gravity load, horizontal DSC on rail 
nsubst,1,8 
r,202,l.0E+07,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 
r,204,1.OE+07,1E7/100 norm/tan stiffness of gap elem btwn support ring & plug 
acel,-i 
lswrite 
save 
solve 
save 

/com load step 3 - pin outer cover plate weld 
/title,24P-s DSC (Top End) lg grav.load, horiz.DSC on rail(outer cover pinned) 
nsubst,1,8,1 
esel,s,type,,15 
nsle 
ekill,all. kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive,all unkill weld elements for postprocessing 
save 

fini 

/exit

/eof
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PT24PDW. inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com horizontal deadweight 
resume,t24pdw,db 
/postl 
file,t24pdw, rst 

/com element plots 
/show,pt24pdw,pic,.l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,1,4 I precise hidden 
esel,u,type,, 2 0 I unselect contact elements 
eplot plot elements 
/zoom, l,rect,0.03,0.75,0.94,-0.79 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,1 

S*do, iset, 2,3 I define steps to postprocess 

/go 
set, iset 

/com DSC Upper Shell Postl Results 
esel,s,type,,ll 
nsle 
nsel,r,locx,OR-.0l,OR+.0l 
nsel,r, loc, z, L_ring-Hring-5,H dsc-.7 
cm, outer,node I outer surface nodes 
nsle 
nsel,r,loc,x,IR-.0l,IR+.01 
nsel, r, loc, z,L_ring-Hring-5,H dsc-.7 
cm, reminner, node !-inner surface nodes 
*get, totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,0) 
*get,xt,node, inode, loc,x 
*get,yt,node,inode,loc,y 
*get,zt,node, inode, loc, z 

cmsel,s,outer select outer surface nodes 
onode=node(OR,yt, zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type,,ll 
nsle 
nlist,inode, onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo 
/com

I
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/com shell adjacent to DSC end components 

theta=O 
sf=1.02'325 
dtheta=2.5561/sf 
-doi,1,27 26+1 nodes 

eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczLitcHdsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaLotc-Ttw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL -otc-.47/2,L-otc-.47,-.47/2 
inode=node(IRthetaLotc-Ttw) 
onode=node(ORthetafiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

of graduated distribution

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 

eselstypet'll 
nsle 
nselrlocytheta-ltheta+l 
nselrlocz , L-itcH-dsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaL otc-T tw) 
onode=node(ixthetatotc) 
nlistinodeonodeono'je-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL otc-.47/2,L otc-.47,-.47/2 
inode=node(IRthetaL -otc-T-tw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
tenddo end-i 

/com 
/com shell at mid-height 
theta=O 
sf=1.02325 
dtheta=2.5561/sf

es of graduated distribution

loop
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*doi,1,27 2( 

eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczHdsc/2,H-dsc/2+5 
esln 
eselrtype,.ll 
nsle 

inode=node(IR.thetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinode.onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

+1 nodes of graduated distribution

nd i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 

eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczH-dsc/2,H-dsc/2+5 
esln 
eselrtype,,ll 
nsle 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

nodes of graduated distribution

nd i loop

/com DSC Outer Top Cover Plate Postl 
esel, S, type,, 12 

nsle 

nselrlloczL-otc-.01,L-otc+.Ol 

nselrlocxOIR-0.8 

cmouternode outer 

nsle 

nselrloczL - itc-.01,L-itc+.Ol 

nselrllocxOIR-0.4 

cmreminnernode inner 

*gettotnodenode,,count 

*doiltotnodel 

!/gopr 

inode=node(OOL itc) 

*getxtnodeino-jelocx 

*getytnodeinodelocy 

*getztnodeinodelocz 

cmselsouter selec 

onode=node(xtytL otc) 

nselsnode,,inode 

nselanode,,onode 

esln 
eselrtype,,12 

nsle 

nlistinodeonodeonode-inode 

lpathinodeonode

Results -----------------------------------

surface nodes 

surface nodes 

t outer surface nodes

TRANSNUCLEAR9 INC.  
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prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect ipath nodes 
cm, reminner, node 

*enddo 
/com 
/com outer cover plate adjacent to DSC end components 
theta=0 
sf=i.02325 
dtheta=2.5561/sf 
*do,i,1,27 26+1 nodes of graduated distribution 
esel,s,type,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r, type,,12 
nsle 

inode=node(IR-.22,theta, 185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode, onode-inode 
lpath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

theta=94.550 
sf=i/i.02325 
dtheta=4.550 
*do,i,1,26 26 
esel,stype,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel, r, type,,12 
nsle 

inode=node(IR-.22,theta,185.1 7 ) 
onode=node(IR-.70,theta,L_otc) 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo ! end

/com DSC Outer Top Cover Plate Weld Postl 
theta=0 
sf=i.02325 
dtheta=2.5561/sf 
*do,i,i,27 26+1 nodes 
esel, s, type,,15 
nsle 
nsel, r, loc,y, theta-l,theta+l

nodes of graduated distribution

i loop

Results - - - - - - - - - - - - - - -

of graduated distribution

SCE-01

I PAGE:

I
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esin 
esel, r. type,, 15 
nsle 
doixIR-.49,IR+.2l,(.49+.2l)/2 
inode=node(IRthetaL otc-T tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 
eselsttype,,15 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrttypeftl5 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IRthetaL-otc-T-tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinode.onode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end

nodes of graduated distribution

i loop

/com. DSC Inner Top Cover Plate Postl 
eselstype,,13 
nsle 
nselrloczL-itc-.01,L-itc+.O1 
cmouternode outer 
nsle 
nselrlloczLtplug-.01,Ltplug+.Ol 
cmreminnernode inner 
*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOL tplug) 
*getxtnodeinoi!eloc'x 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter selec 

onode=node(xtytL itc) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselrtype,,13 
nsle 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 
cmselsreminner selec 
nselunode,,inode unsel 

cmreminnernode

Results ----------------------------------

surface nodes 

surface nodes

t outer surface nodes 

t remaining inner surface nodes 
ect lpath nodes
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*enddo 

/com DSC Top Shield Plug Postl Results-----------------------------------------
esel, s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-.01,L_ring+.0l 
cm, reminnernode inner surface nodes 
*get, totnode,node,,count 
*do, i,l,totnode,1 

!/gopr 
inode=node (00,,L_ring) 
*get,xt,node,inode, loc, x 
*get,yt,nodeinode, loc, y 
*get, zt,node, inode, loc, z 
cmsel,s,outer select outer surface nodes 
onode=node(xt,yt, L_tplug) 
nsel,s,node,,inode 
nsela,node,,onode 
esln 
nsle 
esln select elem attached to nodes twice to capture 3 thru thickness 
eselr,type,,14 
nsle 
nlist, inode, onode, onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Support Ring Postl Results------------------------------------
esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.0l 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,L_ring-Hring-.01,L_ring-Hring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L ring-Hring) 
*get,xt,node,inode,loc,x 
*get, yt,node,inode,loc,y 
*get, zt,node, inode,loc,z 
cmsel,s,outer ! select outer surface nodes 
onode=node(xt,yt, L_ring) 
nsel, s,node,,inode 
nsel, a,node,,onode 
esln 
esel, r, type,,16 
nsle 
nlist,inodeonode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo
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/com Nodal Forces for Weld of Outer Top Cover Plate---------------------------
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L otc-Ttw-.01,Lotc-Ttw+.Ol 
spoint,,.01,.0,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.Ol 
spoint,,.01,.O,-,O summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-.01,Lring+.O0 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel, r, loc, z,L_ring-Hring-.1,L Lring-Hring+.l 
spoint,,.01,.01,0 , summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots 
/num,O numbers and colors 
/device,vector,O raster plots 
ernorm, off 
dsys,O 
/show,file,,O plot to file 

/dscale,,100 ! displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
Iview,,-0.2,-0.8,0.5 
plnsol,s,int,O plot stress intensity 
/zoom,l,rect,-0.02,0.60,0.93,-0.86 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom, l,rect,0.03,0.75,0.94,-0. 7 9
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! zoom - fit

! displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements 
esel, s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

/com outer cover plate weld eler 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel, s, type, ,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

ments 

plot stress intensity 

plot stress intensity 

plot stress intensity 

plot stress intensity

! end load step loop

exit,nosave

/eof

I REVISION: 0
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0; 

Run ID: T24THER 

Date/Time: 3/30/00 

ANSYS Version: 5.3 PC38( 

Hardware Summary: 

Operating System: Windows I 

CPU: Dual Pent 

Analysis Modules Used: _F 

Component Analyzed: 24P-FO D 

Loads Considered: Steady St 

Analysis Type: -Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid70: 3-D thermal solid

?04

PT24THRM (postprocessina) (1)

r:20 PM 5/2/00 11:46 AM

3/486

NT Ver. 4.0

tium-II 266 MHz

=REP7 *SOLUTION *POST1 

SC Shell Assembly: Shell and top end components

ate Thermal Solutions for Thermal cases 15, 16, and 26 (2)

* Thermal 

_Non-Linear 

*Non-Linear

-Other:

Other Information: 

1. Input filenames use .inp extensions.  
2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 

calculation.  
3. Results from this calculation are read into the appropriate load step for runs requiring any of the 

above temperature loads.

Run By:

Checked By:

Michael IZ.o n 

6eenWS~treutker

Date: 6P A/ /,0 

Date:

•M (analvsis) (1)

/
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T24THERM.inp 
/batch, list 
/filname, t24therm 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/prep7 
/VIEW, 1, -0.277758133299 , -0.861552971884 , 0.424943403320 
/ANG, 1, 21.4857656169 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, 11, solid45 
et, 12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16,solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

!et,20, contac49 
!r,201,1.OE+07,,,,5 
!r,202,1.OE+06 
!r,203,1.OE+07 
!r,204,1.OE+07 
!keyopt,20,7,1

et,21,shell63 
I r,21,0.75/2

3-D point to surface contact elements 
normal stiffness of gap elem btwn inner & outer plates 
normal stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 
normal stiffness of gap elem btwn support ring & plug 
keyopt (7)=l

, Elastic Shell - Lifting Lugs 
half-thickness of lug

tref, 198 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 
mptemp, 1,70,200,300,400,500,600 
dens, 1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+0

6 I SA-240 Type 316 
nuxy,l,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************** 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.

7 E+06 
mpdata,alpx, 2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy, 2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H_ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-Totc 
L~tplug=L_itc-T itc 
L_ring=L_tplug-T_tplug

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC 

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.) 

height of support ring 
thickness of support ring

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface)

I 
! 

!

! ! 
! 
! 
! 
!

! ! 
! 
!
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L_lug=L_ring-Hring-0.75 ! lug location (top interface with shell)

B_lug=3.25 b bas 
H_lug=4.13 r 
R lug=l.75 r 
R thru=l.38/2 , r.  

/com lower shell keypoints 
k, l,OR 
k, 2, IR 
k,6,IR,,Hdsc/2 
k,7,OR,,Hdsc/2 

/com upper shell keypoints 
k,70,IR,,Llug-B_lug 
k,71,IR,,L_lug 
k,72,IR,,L_ring-H_ring 
k,73,IR,,L_ring 
k,74,IR,,Litc 
k,75,IR,,L otc-T tw 
k,76,IR+0.21,,Lotc 
k,77,OR-0.19,,L otc 
k,78,OR,,H dsc-O.59 
k,79,OR,,L itc 
k,80,OR,,Lring 
k,81,OR,,L_ring-H_ring 
k,82,OR,,L_lug 
k,83,0R,,L_lug-B_lug 

/comr outer top cover plate keyp 
k, 90, IR, ,L otc 
k,91,IR-0.49,,L otc 
k,92,IR-0.9,,L otc 
k,93,0,,L otc 
k,95,0,, Litc 
k,96,IR-.44,,L itc 

/com inner top cover plate keyy 
k,101,0,,L itc 
k,102,0,,L tplug 
k,103,IR,,L_tplug 
k,104,IR-.44,,L itc 
k,105,IR-.44,,L-tplug 

/com top shield plug keypoints 
k,ll0,IR,,Ltplug 
k,lll,O,,L_tplug 
k,112,0,,Lring 
k,113,IR,,L_ring 

/com support ring keypoints 
k,120,IR,,Lring 
k,121,IR-Tring,,L_ring 
k,122,IR-Tring,,L_ring-H_ring 
k,123,IR,,L_ring-Hring

e height of the lifting lug 
adial height of the lifting lug 
adius of lug curvature 
adius of lug thru hole 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

oints 
weld at inner radius of DSC 
weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

)oints 

center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KPI04 

outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface

outer 
inner 

! inner 
outer

radius 
radius 
radius 
radius

at 
at 
at 
at

top surface 
top surface 
bottom surface 
bottom surface

S/com lifting lug keypoints 
k,130,IR-Hlug+Rlug,,L_ring-R_lug 
k,131,IR-H_lug+Rlug,,L_ring 
k,132,IR-H_lug+(l-.707)*Rlug 

! k,132,IR-Hlug+(l-.707)*Rlug,,Lring-Rlug-.707*Rlug 
! k,133,IR-0.6,,L_lug-B_lug
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klist

/com meshing **************************************************************** 

/com define arcs to sweep volumes and lines 
isel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,H dsc/2 
larc,201,202,200, IR-5 
cm, swparcl,line 
lesize,swparcl,,,26,1 26 divisions on "swparcl"

lsel, none 
k,203,IR-7,,Hdsc/2 
k,204,0,IR-7,Hdsc/2 
larc, 203,204,200,IR-7 
cm, swp_arc2,line 
lesize,swp_arc2,,,12,1 
allsel 

/com upper shell elements 
Isel,none 
asel,none 
vsel,none 
type, ll 
mat,l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82 
a, 72,73,80,81 
a, 73,74,79,80 
a, 74,75,78,79 
a, 75,76,77,78 
lsel,r, loc,x, IR+0.01,OR-0.0l 
llist 
lesize, all,,, 2 
ksel, s,,,6,70,64 
lslk, s,l 
lesize,all,2.31, ,,1/6.4 
ksel,s,,,7,83,76 
lslk, s,l 
lesize,all,2.31,,,6.4 
vdrag,all,,,,,,l 
esize,0.75 
vmesh,all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

12 divisions on "swp_arc2" 

select lines for dividing

2 divisions thru shell thickness 
select central shell line (inner) 
lines containing selected keypoints 
4" to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swp arcl") 
0.75" element height for unmeshed lines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,12 
mat, l 
a, 91, 92, 96,75 
isel,r,loc,x,IR-0.9,IR select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 I select centerline 
lslk,s,l I lines containing selected keypoints

I REVIIUN:
I .. �..

U
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I
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lesize,all,,,2 2 divisions thru plate thickness 
vmesh, all 
cm, aouttop, area 
cm, vouttop, volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,,l, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,L_tplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, afl 
cm, aintop,area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type, 14 
mat,2 
ksel, s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 I generate lines along line 2 ("swp_arc2") 
v,ll0,kp(0,IR,L-tplug),lll,lll,113,kp(0,IR,L_ring),112,112 
esize,T tplug/3 3 elements thru plate 
vmesh, all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel,all 

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat, l 
a,76,91,75,75 
lsel,r,loc,z,L otc 
lesize,all,,,2,0.49/0.21 I 2 divisions, generate node at IR 
vdrag,all,,,,,,l ! generate volume along line 1 ("swp-arcl") 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume 

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat,l 
a,120,121,122,123 

Slsel,r,loc,z,L ring I select upper radial line 
lesize,all,,,2,(Tring-.40)/.40 ! 2 divisions, *gen node at shield plug chamfer 
lsla,s ! lines cont4ined in above areas
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lsel,r,loc,z,L_ring-Hring 
lesize, all,, ,2,.40/(T_ring-.  
lsla, s 
vdrag,all,f,,,,,l 
esize,Hring/2 
vmesh,all 
cm, asupring, area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat, 1 
larc,131,132,130,Rlug 
a,70,71,122,121,131,132,13 
cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR, 0,0,0,0,L 
cyl4,kx(130),kz(130),R_thr 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,a thru 
amesh,all 
csys, l 
esel,s,type,,21 
allsel,below,elem 
*get,maxnode,node,,num,ma, 
ngen,2,maxnode,all,,,0,90, 
egen, 2,maxnode,all 
csys,0 
esel,s,type,,11,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg, node

! select lower radial line 
40) ! 2 divisions, gen node at shield plug chamfer 

lines contained in above areas 
generate volume along line 1 ("swparcl") 
2 elements thru plate height 

define arc 
33 define gross area 

Lotc ! workplane definition 
u define circular area of thru hole 

return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

,0 I generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

I merge lug nodes to support ring nodes

! allsel

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

! cylindrical coordinates

esel,s, type,,li,13,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,L_itc-.01,L_itc+.0l 
nummrg, node ! weld of inner cover plate to shell

esel,s, type,,ll,16,5

-I
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nsle 
nsel,r,loc,x,IR-.Ql,IR+.Ol 
nsel,r,loc,z,Lring-.01,Lring+.0l 
nummrg,node upper (continuous) weld of support ring 

nsel, s,loc, y,0,90/26 
nsel,a, loc, y,5.9*90/26,7.1*90/26 
nsel,a, loc,y, 11.9*90/26,13.1*90/26 
nsel,a, loc,y, 18.9*90/26,20.1*90/26 
nsel,a, loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-Hring-.01,L_ring-Hring+.01 
nummrg,node lower (intermittent) weld of support ring 

csys,0 cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym, x,maxnode,all 
esym,,maxnode,all 

*do, i, 11,16,1 
/gopr 
esel,s, type,,i 
nsle 
nummrg,node 

*enddo

esel,s,type,,21 
nsle 
nummrg,node 
allsel

get maximum node number 
reflect all nodes 
reflect all elements 

merge nodes at line of symmetry (top shell components) 

! merge nodes at line of symmetry (lifting lug nodes)

allsel 

/com change structural elements to thermal elements 
etchg 
keyopt,11,4,1 
keyopt,12,4,1 
keyopt, 13,4,1 
keyopt, 14, 4,1 
keyopt, 15,4,1 
keyopt, 16,4,1 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) ******************* 

mptemp,l,70,100,150,200,250,300 
mptemp,7,400,500,600,700 
dens,1,493/1728 
!mpdata, kxx, l,1,7.7/12,7.9/12,8.2/12,8.4/12,8.7/12,

9 .0/12 SA-240 Type 316 

!mpdata,kxx,1,6,9.5/12,10.0/12,10.5/1
2 ,11.0/1 2  ! SA-240 Type 316 

!mpdata,kyy,1,l,7.7/12,7.9/12,8.2/12,8.4/12,8.7/1
2 , 9 .0/1 2 I SA-240 Type 316 

!mpdata,kyy,l,6,9.5/12,10.0/1
2 ,10.5/1 2 ,11.0/1 2  ! SA-240 Type 316 

!mpdata, kzz, 1,1,7.7/12,7.9/12,8.2/12,8.4/12,8.
7 /1 2 , 9 .0/1 2 ! SA-240 Type 316 

!mpdata,kzz,1,6,9.5/12,10.0/12,10.5/12,11.0/12 ! SA-240 Type 316 

mpdata,kxx,l,1,7.7/12,7.7/12,7.7/12,7.7/12,7.7/1
2 , 7 . 7 /1 2 t SA-240 Type 316 

mpdata,kxx,1,6,7.7/12,7. 7 /1 2 , 7 . 7 /1 2 , 7 . 7 /1 2  I SA-240 Type 316 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) * 
mptemp, 1,70,100,150,200,250,300 
mptemp, 7,400,500,600,700 
dens,2,490/1728
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!mpdata, kxx,2, 1, 35.1/12, 34.7/12, 34. 1/12, 33. 6/12, 32. 9/12,32 .3/12 
!mpdata, kxx,2, 6,30.9/12,29.5/12,28.0/12,26.6/12 
!mpdata,kyy,2,1,35.l/12,34.7/12,34.l/12,33.6/12,32.9/1

2,3 2 .3/l2 

!mpdata,kyy,2,6,30.9/12,29.5/12,2 8 .0/l
2 ,2 6.6/l2 

!mpdata,kzz,2,1,35.1/12,34.7/12,34.1/12,33.6/12,32.9/l
2,32 .3/l2 

!mpdata, kzz, 2, 6,30. 9/12, 29. 5/12, 28. 0/12, 26. 6/12 

mpdata,kxx,2,l,35.l/12,35.1/12,35.1/12,35.l/1
2 ,3 5.1/l 2 ,3 5 .l/l2 

mpdata,kxx,2,6,35.1/12,35.1/12,35.l/l
2 ,35 .l/12

SA-36 
ISA-36 

SA-36 
SA-36 

SA-36 
SA-36 

SA-36 
SA-36

save 

f ini 

ails 

/solution 

/com analysis parameters 
antype, static 
!nropt, auto 
neqit, 25 
pred, on, ,on 
autots, on 
!nlgeom 
eqs lv, iter, le-8 
!nsubst, 10

!/corn BC's at planes of symmetry 
!nsel,s,loc,z,H-dsc/2 
!sf,all,hflux, 0 
!f, all,heat, 0 
!ailsel 

!nsel, s,loc, y,0 
!sf,all,hflux, 0 
!f , all, heat, 0 
!allsel 

/com Define x, y, z location arrays (in cylindrical coordinates) 
/com for nodal temperaturs 
*dim, t-xloc, array, 30 
*dim,t_yloc,array,5 
*dim,t tzloc, array, 30 
*dim,t val,array,30,5 

IMadial location array 
t xloc(1) = 33.33 
t xloc(2) = 33.33 
t xloc(3) = 33.33 
t xloc(4) = 33.33 
t-xloc(5) = 33.33 
t xloc(6) = 33.33 
t-xloc(7) = 33.33 
t xloc(8) = 33.33 
t xloc(9) = 33.33 
t xloc(10) = 33.33 
t xloc(11) = 33.33 
t xloc(12) = 33.275 
t-xlo c(13) =0 
t-xloc(14) = 0 
t-xloc(15) = 13.608 
t xloc(16) = 13.803 
t-xloc(17) = 32.625

0

A6-9 of A6-28
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t xloc(18) = 32.165 
t-xloc(19) = 0 
t-xloc(20) = 0 
t-xloc(21) = 13.803 
t-xloc(22) = 13.803 
t-xloc(23) = 33.065 
t-xloc(24) = 33.065 
t-xloc(25) = 0 
t-xloc(26) = 0 
t xloc(27) = 13.777 
t-xloc(28) = 13.777 
t-xloc(29) = 33.065 
t-xloc(30) = 33.065 

!Angular location array 
t yloc(1) = 0 
t-yloc(2) = 45 
t_yloc(3) = 90 
t-yloc(4) = 135 
t_yloc(5) = 180 

!Axial location array 
t zloc(1) = 93.085 
t-zloc(2) = 118.89 
t-zloc(3) = 137.3 
t-zloc(4) = 155.52 
t-zloc(5) = 163.44 
t-zloc(6) = 169.86 
t-zloc(7) = 173.86 
t--zloc(8) = 175.86 
t-zloc(9) = 180.3 
t-zloc(10) = 183.26 
t-zloc(ll) = 184.7375 
t-zloc(12) = 186.05 
t-zloc(13) = 184.7375 
t-zloc(14) = 186.05 
t-zloc(15) = 186.05 
t-zloc(16) = 184.7375 
t-zloc(17) = 184.7375 
t-zloc(18) = 186.05 
t-zloc(19) = 183.4875 
t-zloc(20) = 184.7375 
t-zloc(21) = 183.4875 
t-zloc(22) = 184.7375 
t-zloc(23) = 183.4875 
t-zloc(24) = 184.7375 
t-zloc(25) = 175.8625 
t-zloc(26) = 183.4875 
t zloc(27) = 175.8625 
t-zloc(28) = 183.4875 
t zloc(29) = 175.8625 
t-zloc(30) = 183.4875 

/com 
/com get angular locations for SHELL, OTCP, ITCP interpolation points 
/com 
csys, 1 
esel,s,type, ,1i 
nsle 
nsel, r, loc,x,OR 
nsel,r,loc,z,H_dsc/2 
cm, temp, node

*get,ubound,node,,count

I
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•DIM, yang, array, ubound 

*Do, i, 1, ubound, 1 
cmsel, s, temp 
*get,y_ang.(i),fnode,,mnloc,y 
nsel,r,loc,y,y_ang(i) 
*get, nnum, node,, num,min 

*get,y_ang(i) ,node,nnum,aang,xy 
cmsel, s, temp 
nsel,u,inode,,nnum 
cm, temp, node 

*ENDDO 
alls 

/ com 
/com get angular locations for SHIELD PLUG interpolation points 

/com 
esel,s,type, ,14 
nsle 
nsel,r,loc,x, IR 
nsel,r,loc,z,L_tplug 
cm, temp, node 

* get, ubound,node,,count 
* DIM, spang, array, ubound 

*DO, i, i,ubound, 1 
cmsel, s,temp 
*getsp-ang(i) ,node, ,mnloc,y 
nsel,r,loc,y,spang(i) 
*get,nnum, node,, num,min 
*get,spang(i) ,nodennumangxy 
cmsel, s, temp 
nsel,u, node, ,nnum 
cm, temp, node 

*ENDDO 
alls 
csys, 0 

/com 
/com Temperature Case 15, -40 deg Ambient 

/title, 24P-FO DSC (Top End) Temperature Case 15, -40 deg Ambient-
/com 
/com Define nodal temps 
csys, 1 

t val(l,l) = 271 
t-val(2,1) = 267 
t-val(3,1) = 258 
t-val(4,1) = 231 
t-val(5,1) = 210 
t-val(6,1) = 185 
t-val(7,1) = 169 
t val(8,I) = 161 
t-val(9,1) = 154 
t-val(10,1) = 149 
t_val(l1, 1) = 148 
t-val(12,1) = 146 

i t val(1,2) = 262 
t-val(2,2) = 258 
t-val(3,2) = 249 
t-val(4,2) = 223 
t_-val(5,2) = 203

I
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t val(6,2) = 178 
t-val(7,2) = 163 
t-val(8,2) = 155 
t-val(9,2) = 149 
t val(10,2) = 145 
t-val(11,2) = 143 
t-val(12,2) = 141 

t val(1,3) = 253 
t-val(2,3) = 250 
t-val (3, 3) = 240 
t val(4,3) = 214 
t-val (5, 3) = 195 
t-val (6, 3) = 171 
t-val(7,3) = 157 
t-val(8,3) = 150 
t val(9,3) = 144 
t val(10,3) = 140 
t-val(11,3) = 138 
t-val(12,3) = 136 

t val(1,4) = 240 
t-val(2,4) = 236 
t-val(3,4) = 227 
t-val(4,4) = 202 
t-val(5,4) = 184 
t-val(6,4) = 162 
t-val(7,4) = 148 
t val(8,4) = 142 
t-val(9,4) = 137 
t val(10,4) = 133 
t-val(11,4) = 131 
t-val(12,4) = 130 

t val(1,5) = 227 
t val(2,5) = 221 
t-val(3,5) = 213 
t-val(4,5) = 190 
t val(5,5) = 172 
t-val(6,5) = 152 
t-val(7,5) = 140 
t-val(8,5) = 134 
t-val(9,5) = 129 
t-val(10,5) = 126 
t-val(11,5) = 125 
t-val(12,5) = 124 

/inp, interp, inp 

csys, 0 

! Define temperatures for DSC Top Shield Plug 
alls 
esel,s,type, ,14 
nsle 
! -40 F temperatures at top, bottom, at 90° intervals 

tl=190.0 
t2=134.0 
t3=150.0 
t4=168.0 
t5=126.0 
t6=139.0 
t7=161.0



I

t8=149.0 
! Rl = OD of shield plug 
Rl = 33.065 

zo = z minimum of Shield Plug 

Zl = Thickness of Shield plug 

ZO = 175.86 
zi = 7.63 
pi = 3.1416 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytnodetnodelocy 
*getztnodetnodeflocz 
rm--(xt**2+yt**2)**0.5 
*ifxteqO.Othen 
tm=1.5707963267949 

*else 
tm--atan(yt/xt) 

*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm---1.0e-6 

*else 
*endif 

*else 
*endif 
zrw--zt-ZO 
Fl=I/Zl 
*iftmltO.Othen 
F2=-2*rm/pi/Rl*(t6-t8)*tm 

*else 
F2=2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*iftmltO.Othen 

F3=(t8-t4)/Rl*rm 
*else 
F3=(t5-t4)/Rl*rm 

*endif 
F4=t4 
*iftmltO.Othen 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*iftmltO.Othen 

F6=- (t7-tl) /Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*iftmltO.Othen 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
-F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

-iftmltO.Othen 
FIO=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm

TRANSNUCLEARý INC.  
TN WEST
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*endif 
Fll=tl 
ntemp=FI* (F2+F3+F4+F5+F6+F7) *F8 +F9 +F10 +Fll 
d, tnode,temp, ntemp 
bf,tnode,temp,ntemp 

nsel,u, node,,tnode 
*enddo 
alls 

! Define temperatures for DSC Outer Top Cover 
alls 
esel,s,type,,12 
nsle 
! -40 F temperatures at top, bottom, at 90° intervals 

t1=166.0 
t2=125.0 
t3=138.0 
t4=164.0 
t5=124.0 
t6=136.0 
t7=148.0 
t8=146.0 
! Ri = OD of Top Cover 
Ri = 33.065 
I ZO = z minimum of Top Cover 

Z1 = Thickness of Top Cover 
ZO = 184.74 
Z1 = 0.81 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode,l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode, loc,x 
*get,yt,node, tnode, loc, y 
*get, zt,node,tnode, loc, z 

rm=(xt**2+yt** 2 )**0.5 
*if,xt,eq, 0.0,then 

tm=1.5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm, eq, 0.0,then 

*if,xt, lt,0.0,then 
tm=-1.0e-6 

*else 
*endif 

*else 
*endif 
zm=zt-Z0 
FI=I/Z1 
*if,tm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else 

F2=2*rm/pi/Rl* (t6-t5) *tm 
*endif 
if,tm, lt,0.0,then 
F3=(tS-t4)/Rl*rm 

*else 

F3=(t5-t4)/Rl*rm 
*endif

I
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F4=t4 
*if,tm, lt,O.O,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*if, tm, lt,O.O,then 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*if, tm, lt,O.O,then 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*if,tm, lt,0.0,then 

Fl0=+(t7-tl)/Rl*rm 
*else 

Fl0=+(t2-tl)/Rl*rm 
*endif 
Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +FIl 
d, tnode,temp,ntemp 

I bf,tnode,temp,ntemp 
nsel,u, node,,tnode 

*enddo 
alls 

! Define temperatures for DSC Inner Top Cover 
alls 
esel,s,type,,13 
nsle 
! -40 F temperatures at top, bottom, at 90* intervals 

ti=168.0 
t2=126.0 
t3=139.0 
t4=166.0 
t5=125.0 
t6=138.0 
t7=149.0 
t8=148.0 
! R1 = OD of Inner Top Cover 
R1 = 33.065 
I ZO = z minimum of Inner Top Cover 
I Z1 = Thickness of Inner Top Cover 
ZO = 183.49 
Z1 = 1.25 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode,loc,x 
*get,yt,node,tnode, loc,y 
*get,zt,node,tnode, loc, z 
rm=(xt**2+yt**2)**0.5 
*if, xt,eq, 0.0,then 

tm=1.5707963267949

I
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*else 
tm--atan(yt/xt) 

*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
trrv---l. Oe-6 

*else 
*endif 

*else 
*endif 
zm---zt-ZO 
Fl=l/Zl 
*iftmltO.Othen 
F2=-2*rm/pi/Rl*(t6-t8)*tm 

*else 
F2=2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*iftmltO.Othen 

F3=(t8-t4)/Rl*rm 
*else 
F3=(t5-t4)/Rl*rm 

*endif 
F4=t4 
*iftmltO.Othen 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 
F5=-2*rm/pi/Rl*(t3-t2)*tm 

*endif 
*iftmltO.Othen 

F6=- (t7-tl) /Rl*m 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*iftmltO.Othen 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*FS +F9 +F10 +Fll 

dtnodetempntemp 
bftnodetempntemp 
nselunode,,tnode 

*enddo 
alls 

allsel 

csysO 

lswrite end of load step 1 

save

solve 
save
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stop=0 
*if, stop, eq, 0, then 

/com Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 16, 104 deg Ambient 

/com define nodal temps 

csys, 1 

t val(l,l) = 399 
t-val(2,1) = 396 
t-val(3,1) = 387 
t-val(4,1) = 362 
t-val(5,1) = 342 
t-val(6,1) = 317 
t-val(7,1) = 301 
t-val(8,1) = 294 
t val(9,1) = 286 
t-val(10,1) = 282 
t val(11,1) = 280 
t-val(12,1) = 278 

t val(1,2) = 387 
t-val(2,2) = 384 
t-val(3,

2 ) = 376 
t-val(4,2) = 351 
t val(5,2) = 332 
t-val(6,2) = 308 

/ t-val(7,2) = 293 
t-val(8,2) = 286 
t val(9,2) = 279 
t-val(10,

2 ) = 275 
t-val(11,2) = 273 
t-val(12,

2 ) = 272 

t_val(1,3) = 376 
t val(2,3) = 373 
t-val(3,3) = 364 
t-val(4,3) = 340 
t-val(5,3) = 321 
t-val(6,3) = 299 
t-val(7,3) = 285 
t val(8,3) = 278 
t-val(9,3) = 272 
t-val(10,3) = 268 
t-val(11,3) = 267 
t-val(12,3) = 265 

t val(1,4) = 358 
t-val(2,4) = 355 
t-val(3,4) = 347 
t-val(4,4) = 324 
t-val(5,4) = 307 
t-val(6,4) = 287 
t-val(7,4) = 274 
t-val(8,4) = 268 
t-val(9,4) = 263 

t-val(10,4) = 260 
t-val(11,4) = 258 
t-val(12,4) = 257 

t val(1,5) = 341 
t-val(2,5) = 338

Lb - I
v I

I
I
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t_val(3,5) 
t val(4,5) 
t-val(5,5) 
t-val(6,5) 
t-val(7,5) 
t-val(8,5) 
t val(9,5) 
t-val (10,5) 
t val(i1,5) 
t-val (12,5)

330 
309 
293 
274 
263 
257 
254 

251 
250 
249

eplot 
/inp, interp, inp 

csys,0 

/com Define temps for DSC shell above active fuel region 

! Define temperatures for DSC Top Shield Plug 
alls 
esel,s,type,,14 
nsle 
! 104 F temperatures at top, bottom, at 900 intervals

tl=315.0 
t2=e57 .0 
t3=278.0 
t4=296.0 
t5=251.0 
t6=268.0 
t7=294.0 
t8=281 .0 
! Rl = OD of shield plug 
Rl = 33.065 

ZO = z minimum of Shield Plug 
Zl = Thickness of Shield plug 

ZO = 175.86 
Zl = 7.63 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l, totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode,loc,x 
*get,yt,node,tnode,loc,y 
*get,zt,node,tnode,loc,z 
rm=(xt**2+yt**2)**0.5 
*if,xt,eq,0.0,then 

tm=1 .5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm, eq, 0.0,then 

*if,xt, lt,0.0,then 

tm=-1.Oe-6 
*else 
*endif 

*else 
*endif 

zm=zt-ZO 
Fl=1/Zl 
*if,tm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else

I

/AD--1 OT AO/--"OI IAr I:
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F2=2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*if, tm, lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 
*if,tm, lt,0.0,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl*(t3-t2)*tm 
*endif 
*if, tm, lt,0.0,then 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*if, tm, lt,0.0,then 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 

F9=2*rm/pi/Rl*(t3-t2)*tm 
*endif 

*if,tm, lt,0.0,then 
Fl0=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +FII 
d, tnode,temp, ntemp 

I bf,tnode,temp, ntemp 
nsel,u,node,,tnode 

*enddo 
alls 

! Define temperatures for DSC Outer Top Cover 
alls 
esel, s,type,,12 
nsle 
! 104 F temperatures at top, bottom, at 900 intervals 

tl=293.0 
t2=250.0 
t3=267.0 
t4=291.0 
t5=249.0 
t6=265.0 
t7=280.0 
t8=278.0 
! R1 = OD of Top Cover 
R1 = 33.065 

ZO = z minimum of Top Cover 
Z1 = Thickness of Top Cover 

ZO = 184.74 
Zl = 0.81 
pi = 3.1416 
*get, totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr

KI:VlblUN:

-M-
U
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tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytnodetnodelocy 
*getztnodetnodelocz 
rm--(xt**2+yt**2)**0.5 
*ifxteqO.Othen 

tm--l.5707963267949 
*else 

tirr--atan(yt/xt) 
*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm---1.0e-6 

*else 
*endif 

*else 
*endif 
zm--zt-ZO 
Fl=l/Zl 
*iftmltO.Othen 
F2=-2*rm/pi/Rl*(t6-t8)*tm 

*else 
F2=2*rm/pi/Rl*(t6-t5)*tm 

*endif 
*iftmltO.Othen 
F3=(t8-t4)/Rl*rm 

*else 
F3=(t5-t4)/Rl*rm 

*endif 
F4=t4 
*iftmltO.Othen 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl*(t3-t2)*tm 
endif 
*iftmltO.Othen 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
FB=zm 

*iftmltO.Othen 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 
dtnodetempntemp 
bftnodetempntemp 
nselunode,,tnode 

enddo 
a*lls

! Define temperatures for DSC Inner Top Cover 

alls
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esel, s,type,,13 
nsle 
! 104 F temperatures at top, bottom, at 90* intervals 

ti=296.0 
t2=251.0 
t3=268.0 
t4=293.0 
t5=250.0 
t6=267.0 
t7=281.0 
t8=280.0 
! R1 = OD of Inner Top Cover 
R1 = 33.065 

ZO = z minimum of Inner Top Cover 
Z1 = Thickness of Inner Top Cover 

ZO = 183.49 
Zl = 1.25 
pi = 3.1416 
*get,totnode,node,,count 
*DO, i,l,totnode,l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode, loc,x 
*get,yt,node, tnode, loc,y 
*get,zt,node, tnode, loc, z 

rm=(xt**2+yt**2) **0.5 
*if,xt,eq,0.0,then 

tm=1.5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm, eq, 0.0, then 

*if,xt, lt,0.0,then 
tm=-1.0e-6 

*else 
*endif 

*else 
*endif 
zm=zt-ZO 
F1=1/ZI 
*if, tm, lt,0.0,then 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else 

F2=2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*if,tm, lt,0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 
*if,tm, lt,0.0,then 

F5=2*rm/pi/Rl*(t3-t7)*tm 
*else 

F5=-2*rm/pi/Rl* (t3-t2) *tm 
*endif 
*if,tm,lt,0.0,then 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 

F7=-tl 
FS=zm
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•if,tm, it, 0. 0,then 
F9=-2*rm/pi/Rl* (t3-t7) *tm 

*else 

F9=2*rm/pi/Rl* (t3-t2) *tm 
*endif 

*if, tm, it, 0.0, then 

F10=+ (t7-tl)/Rl*rm 
*else 

F10=+ (t2-tl)/Rl*rm 
*endif 

Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 
d, tnode, temp, ntemp 
bf,tnode, temp,ntemp 

nsel,u, node,,tnode 
*enddo 

allsel 

csys, 0 

lswrite end of load step 2 
save 

solve 
save 

/com Temperature Case 26, 117 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 26, 117 deg Ambient 
/com define nodal temps 

csys, 1 

t val(l,l) = 408 
t-val(2,1) = 405 
t-val(3,1) = 397 
t-val(4,1) = 372 
t-val(5,1) = 352 
t-val(6,1) = 327 
t-val(7,1) = 311 
t-val(8,1) = 303 
t-val(9,i) = 296 
t-val(10,1) = 292 
t-val(ll,l) = 290 
t-val(12,1) = 288 

t val(1,2) = 397 
t-val(2,2) = 393 
t-val(3,2) = 385 
t-val(4,2) = 361 
t-val(5,2) = 341 
t-val(6,2) = 317 
t-val(7,2) = 303 
t-val(8,2) = 295 
t-val(9,2) = 289 
t-val(10,2) = 285 
t-val(11,2) = 283 

St--val(12,2) = 281 

t val(l,3) = 385 
t-val(2,3) = 381 
t-val(3,3) = 373
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t val(4,3) 
t-val(5,3) 
t-val(6,3) 
t-val(7,3) 
t-val(8,3) 
t-val (9, 3) 
t-val(10,3) 
t-val(11,3) 
t-val(12,3) 

t val(1,4) 
t-val(2,4) 
t-val(3,4) 
t-val(4,4) 
t-val(5,4) 
t-val(6,4) 
t-val(7,4) 
t-val(8,4) 
t-val(9,4) 
t-val(10,4) 
t-val(11,4) 
t-val(12,4) 

t val(1,5) 
t-val(2,5) 
t-val(3,5) 
t-val(4,5) 
t-val(5,5) 
t val(6,5) 
t-val(7,5) 
t-val(8,5) 
t-val(9,5) 
t val(i0,5) 
t-val (11,5) 
t-val(12,5)

349 
331 
308 
294 
288 
282 

278 
276 
275 

367 
364 
356 
333 
316 
296 
283 
277 
272 

269 
268 
266 

350 
346 
339 
317 
302 
283 
272 
267 
263 

261 
259 
258

/inp, interp, inp 

csys,0 

/com Define temps for DSC shell above active fuel region 

! Define temperatures for DSC Top Shield Plug 
alls 
esel,s,type,,14 
nsle 
! 117 F temperatures at top, bottom, at 90* intervals 

tl=325.0 
t2=267.0 
t3=288.0 
t4=305.0 
t5=260.0 
t6=278.0 
t7=303.0 
t8=291.0 
! Rl = OD of shield plug 
Rl = 33.065 

ZO = z minimum of Shield Plug 
Zl = Thickness of Shield plug 

ZO = 175.86 
Zl = 7.63 
pi = 3.1416 
*get, totnode,node,,count

I,
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*DO, i, 1, totnode, 1 
! /gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytnodetnodelocy 
*getztnodetnodelocz 
rm=(xt**2+yt**2)**0.5 
*ifxteqO.Othen 

tm--l.5707963267949 
*else 

tm7--atan(yt/xt) 
*endif 
*iftmeqO.Othen 

*ifxtltO.Othen 
tm---1.0e-6 

*else 
*endif 

*else 
*endif 
zm--zt-ZO 
Fl=llzl 
*iftmltO.Othen 

F2=-2*m/pi/Rl* (t6-t8) *tm 
*else 
F2=2*m/pi/Rl*(t6-t5)*tm 

*endif 
*iftmltO.Othen 

F3=(t8-t4)/Rl*rm 
*else 

F3=(t5-t4)/Rl*rm 
*endif 
F4=t4 
*iftmltO.Othen 
F5=2*m/pi/Rl*(t3-t7)*tm 

*else 
F5=-2*rm/pi/Rl*(t3-t2)*tm 

*endif 
*iftmltO.Othen 

F6=-(t7-tl)/Rl*rm 
*else 

F6=-(t2-tl)/Rl*rm 
*endif 
F7=-tl 
F8=zm 

*iftmltO.Othen 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*m/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +Fll 

dtnodetempntemp 
bftnodetempntemp 
nselunode,,tnode 

*enddo 
alls
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Define temperatures for DSC Outer Top Cover 
alls 
esel, s, type,,12 
nsle 
! 117 F temperatures at top, bottom, at 90* intervals 

tl=303.0 
t2=259.0 
t3=276.0 
t4=301.0 
t5=258.0 
t6=275.0 
t7=290.0 
t8=288.0 
! Rl = OD of Top Cover 
Ri = 33.065 

ZO = z minimum of Top Cover 
Zi = Thickness of Top Cover 

ZO = 184.74 
Z1 = 0.81 
pi = 3.1416 
*get, totnode,node,,count 
*DO, i,l, totnode, 1 

!/gopr 
tnode=node (0,0,0) 
*get,xt,node,tnode, loc,x 
*get, yt, node, tnode, loc, y 
*get, zt, node, tnode, loc, z 

rm= (xt**2+yt**2) **0.5 
*if, xt,eq, 0.0, then 

tm=1.5707963267949 
*else 

tm=atan (yt/xt) 
*endif 
*if, tm,eq,0.0,then 

*if,xt, it, O.0, then 

tm=-i. 0e-6 
*else 
*endif 

*else 
*endif 
zm=zt-ZO 
FI=I/ZI 
*if,tm, it, 0.0,then 

F2=-2*rm/pi/Rl* (t6-t8) *tm 
*else 

F2=2*rm/pi/Rl* (t6-t5) *tm 
*endif 
*if, tm, It, 0.0,then 

F3=(t8-t4)/Rl*rm 
*else 

F3= (t5-t4)/Rl*rm 
*endif 
F4=t4 
*if, tin, it, 0.0, then 

F5=2*rm/pi/Rl* (t3-t7) *tm 
*else 

F5=-2*rm/pi/Rl* (t3-t2) *tm 
*endif *if~tm, it,0.0, then 

F6=- (t7-tl)/Rl*rm *else 

F6=- (t2-tl) /Rl*rm 
*endif
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F7=-tl 
F8=zm 

*if,tm, lt,0.0,then 

F9=-2*rm/pi/Rl*(t3-t7)*tm 
*else 

F9=2*rm/pi/Rl*(t3-t2)*tm 
*endif 

*if,tm, lt,0.0,then 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+ (t2-ti) /Rl*rm 

*endif 

Fll=tl 
ntemp=FI*(F2+F3+F4+F5+F6+F7)*F8 +F9 +F10 +FII 
d, tnode, tempntemp 
bf, tnode, temp, ntemp 

nsel,u,node,,tnode 
*enddo 
alls 

! Define temperatures for DSC Inner Top Cover 
alls 
esel,s,type,,13 
nsle 

117 F temperatures at top, bottom, at 90* intervals 

tl=305.0 
t2=260.0 
t3=278 .0 
t4=303.0 
t5=259.0 
t6=276.0 
t7=291.0 
t8=290.0 
! R1 = OD of Inner Top Cover 
Ri = 33.065 

ZO = z minimum of Inner Top Cover 
Z1 = Thickness of Inner Top Cover 

ZO = 183.49 
Zl = 1.25 
pi = 3.1416 
*get, totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode, loc,x 
*get,yt,node,tnode, loc,y 
*get, zt,node,tnode,loc, z 

rm= (xt**2+yt**2)**0.5 
*if,xt,eq,0.0,then 

tm=1.5707963267949 
*else 

tm=atan(yt/xt) 
*endif 
*if,tm, eq,0.0,then 

*if, xt,lt,0.0,then 

tm=-.l.0e-6 
*else 
*endif 

*else 
*endif 
zm=zt-Z0
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Fl=l/Zl 
*iftmltO.Othen 

F2=-2*rm/pi/Rl*(t6-t8)*tm 
*else 

F2=2*rm/pi/Rl*(t6-t5)*tm 
*endif 
*iftmltO.Othen 
F3=(t8-t4)/Rl*rm 

*else 
F3=(t5-t4)/Rl*rm 

*endif 
F4=t4 
*iftmltO.Othen 
F5=2*rm/pi/Rl*(t3-t7)*tm 

*else 
F5=-2*rm/pi/Rl*(t3-t2)*tm 

*endif 
*iftmltO.Othen 
F6=-(t7-tl)/Rl*rm 

*else 
F6=-(t2-tl)/Rl*rm 

*endif 
F7=-tl 
F8=zm 

*iftmltO.Othen 
F9=-2*rm/pi/Rl*(t3-t7)*tm 

*else 
F9=2*rm/pi/Rl*(t3-t2)*tm 

*endif 

*iftmltO.Othen 
F10=+(t7-tl)/Rl*rm 

*else 
F10=+(t2-tl)/Rl*rm 

*endif 
Fll=tl 
ntemp=Fl*(F2+F3+F4+F5+F6+F7)*FB +F9 +F10 +Fll 
dtnodetempntemp 
bftnodetempntemp 
nselunode,,tnode 

*enddo 
alls 

allsel 

csysO 

lswrite end of load step 3 
save 

solve 
save 

fini 

/exit 

/eof

*endif



TRANSNUCLEAR, INC.  
TN WEST C PROJECT NO: SCE-01 REVISION: 0 

0'CALCULATION NO: SCE-01.0204 PAGE: A6-28 of A6-28 

PT24THRM. inp 

/batch, list 
/comr 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal loads 
resume, t24therm, db 
/postl 
file, t24therm, rth 

*do,iset,l,3 define steps to postprocess 
/go 
set,iset 

/com Stress Plots--------------------------------------------------------------
/num,O numbers and colors 
/device,vector, O raster plots 
ernorm, off 
dsys, O 
/show,file,,O I plot to file 

/dscale,,auto I displacement scale 

/com all elements (excluding contact elements) 
/vup,l,-x x-axis down 
/auto, 1 
/view,,-0.2,-0.8,0.5 
plnsol,temp I plot temperature distribution 
/auto,l I zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/auto,l I zoom - fit 

/dscale,,l I displacement scale 

dsys,l 

*enddo I end load step loop 

allsel 

fini 

exit,nosave 

/eof
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PSD (analy.  

Date/Time: 3/11/00 11:11 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Ve 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC SP 

Loads Considered: 75g side drop a 

Analysis Type: *Static 

Materials: *Linear _ 

Geometry: -Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

sis) (1)

AM

PT24PSD (postprocessing) (1)

4/11/00 11:01 PM

r. 4.0 

1450 MHz 

*SOLUTION *POST1 

iell Assembly: Shell and top end components 

cceleration (2)

Thermal 

Non-Linear 

•Non-Linear

-Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: 

Checked By:

Date: 

Date: 691 91 -o

I
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T24PSD.inp 

/batch, list 
/filname, t24psd 
/title,24P-Standard DSC Shell Assembly (Top End, 180 degree Model) 
! /config,ncont,1500 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

et, ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

et,20,contac49 3-D point to surface contact elements 
! r,201,1.OE+05,,,,5 norm/tan stiffness of gap elem btwn inner & outer plates 
r,202,1.OE+05,1E7/I00 I norm/tan stiffness of gap elem btwn plug & inner plate 
! r,203,1.OE+07 ! normal stiffness of gap elem btwn plug and shell 
r,204,1.OE+05,1E7/100 I norm/tan stiffness of gap elem btwn support ring & plug 
keyopt,20,7,1 I keyopt (7)=l 

et,21,shell63 I Elastic Shell - Lifting Lugs 
r,21,0.75/2 I half-thickness of lug 

tref,500 I maximum temperature 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex, 1,1,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 I SA-240 Type 316 
nuxy, 1,0.29 
/com non-linear properties - Type 316 
etanl=.05 . slope of tangent modulus 
tb,bkin, 1,6 
tbtemp, 70 
tbdata,,30000,etanl*28.3E+06 ! cl=sy, c2=tangent modulus 
tbtemp, 200 
tbdata,,25800,etanl*27.6E+06 I cl=sy, c2=tangent modulus 
tbtemp, 300 
tbdata,,23300,etanl*27.OE+06 I cl=sy, c2=tangent modulus 
tbtemp, 400 
tbdata,,21400,etanl*26.5E+06 I cl=sy, c2=tangent modulus 
tbtemp, 500 
tbdata,,19900,etanl*25.8E+06 I cl=sy, c2=tangent modulus 
tbtemp, 600 
tbdata,,18800,etanl*25.3E+06 I cl=sy, c2=tangent modulus 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************** 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+0

6 , 2 6 . 7 E+06 
nuxy, 2,0.29

csys, 0

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
H dsc=186.17

cartesian coordinates 

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC

/
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T otc=1.3125 
T itc=l.25 
T tplug=7.625 
T tw=.50 

H_ring=2.00 
T-ring=0.75 

L otc=H dsc-0.12 
L itc=L otc-T otc 
L~tplug=L_itc-T itc 
L_ring=Ltplug-T_tplug 
L lug=L_ring-H_ring-0.75 

B_lug=3.25 
H_lug=4.13 
R_lug=l.75 
R thru=l.38/2 

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 

k,l,OR 
k,2,IR 
k,6,IR,,H dsc/2 
k,7,OR,,H-dsc/2 

/ /com upper shell keypoints 
k,70,IR,,Llug-B_lug 
k,71,IR,,Llug 
k,72,IR,,L_ring-Hring 
k,73,IR,,Lring 
k,74,IR,,Litc 
k,75,IR,,L otc-T tw 
k,76,IR+O.21,,Lotc 
k,77,OR-0.19,,L_otc 
k,78,OR,,Hdsc-0.59 
k,79,OR,,L_itc 
k,80,OR,,L_ring 
k,81,OR,,Lring-H_ring 
k,82,OR,,L_lug 
k,83,OR,,L_lug-B_lug 

/com outer top cover plate 
k,90,IR,,Lotc 
k,91,IR-0.49,,L otc 
k,92,IR-0.9,,L -tc 
k,93,0,,L otc 
k,95,0,,L-itc 
k,96,IR-.44,,L_itc

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.) 

height of support ring 
thickness of support ring 

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location (top interface with shell) 

base height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 

I radius of lug thru hole

shell outer bottom 
shell inner bottom 

shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
top base of the lifting lug 
bottom of the support ring 
top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70

keypoints 
weld at inner radius of DSC 
weld interface at top surface

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface

/com inner top cover plate key] 
k,101,0,,L itc 
k,102,0,,L-tplug 
k,103,IR,,Ltplug 
k,104,IR-.44,,L itc 
k,105,IR-.44,,Ltplug 

/com top shield plug keypoints 
k,ll0,IR,,L_tplug 
k,lll,0,,Ltplug 
k,112,0,,L_ring

points 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104 

outer radius at top surface 
center at top surface 
center at bottom surface

U
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k,113,IR,,L_ring ! outer radius at bottom surface

/com support ring keypoints 
k,120,IR,,L ring outer radius at top surface 
k,121,IR-Tring,,L_ring ! inner radius at top surface 
k,122,IR-Tring,,L_ring-H_ring ! inner radius at bottom surface 
k,123,IR,,Lring-H_ring outer radius at bottom surface 

/com lifting lug keypoints 
k,130,IR-Hlug+Rlug,,L_ring-R_lug 
k,131,IR-H_lug+R_lug,,L_ring 
k,132,IR-Hlug+(l-.707)*Rlug 
k,132,IR-H_lug+(l-.707)*R_lug,,L_ring-R_lug-.707*R_lug 
k,133,IR-0.6,,L_lug-B_lug 

klist 

/com meshing **************************************************************** 

/com define arcs to sweep volumes and lines 
lsel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,H_dsc/2 
larc, 201,202, 200,IR-5 
cm,swp arcl,line 
! lesize,swparcl,,,26,1 26 divisions on "swp_arcl" 
lesize,swp-arcl,,,26,2.6 7 /1l.5 ! 26 divisions on "swparcl", 1.5" elem. for rail

lsel, none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204, 2O0, IR-7 
cm, swparc2,line 
lesize,swparc2, ,,12,1 
allsel

! 12 divisions on "swparc2"

(remove generation of lower shell elements) 
/com lower shell elements 
lsel,none 
asel,none 
vsel,none 
mat, l 
type, l 
a,1,2,6,7 
lsel,r,loc,x,IR+0.0l,OR-0.01 select lines for dividing 
llist 
lesize,all,,,2 . 2 divisions thru shell thickness 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
esize,4.0 4" element height for unmeshed lines 
vmesh,all 
cm, alshell,area 
cm, vlshell,volume 
ksel,all

/com upper shell elements 
Isel,none 
asel.,none 
vsel,none 
type, ll 
mat, l 
a,6,70,83,7 
a,70,71,82,83 
a,71,72,81,82

A7-5 ot A7-21
SCE-01.0204
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a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 
a,75,76,77,78 
lsel,r,loc,x,IR+0.01,OR-0.01 select lines for dividing 

lesize,all,,,2 2 divisions thru shell thickness 
ksel,s,,,6,70,64 ! select central shell line (inner) 
lslk,s,l lines containing selected keypoints 
lesize,all,2.31,,,i/6.4 4" to 0.625" element size 
ksel,s,,,7,83,76 select central shell line (outer) 
lslk,s,l I lines containing selected keypoints 
lesize,all,2.31,,,6.4 I 0.5" to 4" element size 
vdrag,all,,,,,,l generate volume along line 1 ('swparcl") 
esize,0.75 0.75" element height for unmeshed lines 
vmesh,all 
cm, aushell,area 
cm, vushell,volume 
kselall 

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat, 1 
a, 91, 92, 96, 75 
lsel,r,loc,x,IR-0.9,IR ! select lines for dividing 
llist 
lesize,all,,, 2 2 divisions for selected lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,92,kp(0,IR-0.9,L_otc),93,93,96,kp(0,IR-0.44,L itc),95,95 
ksel,s,,,93,95,2 I select centerline 
lslk,s,l I lines containing selected keypoints 
lesizeall,, ,2 I 2 divisions thru plate thickness 
vmesh, all 
cm, aouttop,area 
cm, vouttop,volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type,13 
mat,l 
ksel,s,kp,,74 
ksel,a,kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,, 1, I 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swparcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,Ltplug),102,102 
esize,T itc/2 ! 2 elements thru plate 
vmesh, all 
cm, aintop,area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
aselnone 
vsel,none 
type, 14¶

el
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mat, 2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,113,,,,,2 generate lines along line 2 ("swparc2") 
v,ll0,kp(0,IR,L_tplug),lll,lll,113,kp(0,IR,L_ring),112,112 
esize,Ttplug/3 3 elements thru plate 
vmesh, all 
cm, atopplug,area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat,l 
a,76, 91,75,75 
lsel,r,loc,z,Lotc 
lesize,all,,,2,0.49/0. 2 1 2 d; 
vdrag,all,,,,,,l gen4 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume

ivisions, generate node at IR 
erate volume along line 1 ("swp-arcl")

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat,l 
a,120,121,122,123 
lsel,r,loc,z,Lring ! select upper radial line 
lesize,all,,,2, (T_ring-.40)/.40 ! 2 divisions, gen node at shield plug c) 
lsla,s ! lines contained in above areas 
lsel,r,loc,z,Lring-Hring ! select lower radial line 
lesize,all,,,2,.40/(T_ring-.40) ! 2 divisions, gen node at shield plug c: 
lsla,s I lines contained in above areas 
vdrag,all,,,,,,l I generate volume along line 1 ("swparcl") 
esize,H_ring/2 1 2 elements thru plate height 
vmesh, all 
cm, asupring,area 
cm, vsupringvolume

hamfer 

hamfer

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat, l 
larc,131,132,130,R lug 
a,70,71,122,121,131,13 2 ,1 3 3 

cm,a_gross,area 
asel-,none 
wplane,,0,0,0,IR,0,0,0,0, L_otc 
cyl4,kx(130),kz(130),R thru 
wpstyle,defa 
cm,a_thru,area 
asel,a, area,,a_gross 
asba,a_gross,a-thru 
amesh,all 
csysl 
esel, s, type, ,21 
allsel,below,elem

define arc 
define gross area 

workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes

m
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*get,maxnode,node,,num,max 
ngen,2,maxnode, all,, ,0,90,0 
egen, 2,maxnode, all 
csys, 0 
esel,s,type,,ll,21,10 
allsel,below, elem 
nummrg,node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

generate lug at 90 degrees 

cartesian coordinates 

I merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel,s,type,,11,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Litc-.01,Litc+.0l 
nummrg,node I weld of inner cover plate to shell 

esel,s,type,,1l,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L_ring-.01,Lring+.01 
nummrg,node I upper (continuous) weld of support ring 

nsel,s,loc,y,0,90/26 
nsel,aloc,y,5.9*90/26,7.1*90/26 
nsel,a,loc,y, 11.9*90/26,13.1*90/26 
nsel,a, loc,y, 18.9*90/26,20.1*90/26 
nsel, a, loc, y, 24.9*90/26,26*90/26 
nsel,r,loc,x, IR-.01,IR+.Ol 
nsel,r,loc, z,L_ring-Hring-.01,Lring-Hring+.0l 
nummrg,node lower (intermittent) weld of support ring 

csys,0 I cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num, max I get maximum node number 

nsym,x,maxnode,all I reflect all nodes 
esym,,maxnode,all * reflect all elements

*do, i, 11,16,1 
/gopr 
esel,s,type,,i 
nsle 
nummrg,node

! merge nodes at line of symmetry (top shell components)

2
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*enddo

esel,s,type,,21 
nsle 
nummrg,node

allsel 

/com define contact elements 
/com top end plates 

esel, s,type,,ll 
nsle 
cm, contll,node 

esel, s,type,,12 
nsle 
cm, contl2,node 

esel,s,type,,13 
nsle 
cm, contl3,node 
csys, l 
nsel,r,loc,x,IR-.45,IR-.43 
cm, contl3l,node

! merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate 
cylindrical coordinates 

inner top cover plate nodes at outer pl. chamfer

esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.Ol 
nselr,loc,x,IR-Tring+.l,IR-.l 
cm, contl6,node nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r, loc, x, IR-Tring-.l, IR-T_ring+.l 
cm, contl6l,node nodes of support ring at inner radius 
csys,O cartesian coordinates 

cmsel,s,contl3 
nsel,r,loc,z,L itc-.01,Litc+.Ol 
cm,targl312,node, inner top cover plate top surface nodes 

esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.Ol 
cm,targl4l3,node top shield plug top surface nodes 
csys,l ! cylindrical coordinates 
nsel,r,loc,x,10.5*IR/12,IR+.l ! mesh dependent 
cm,tarl4l3l,node ! shield plug out row of surface nodes

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.O1 
cmxtargl4ll,node top shield plug circumferential nodes

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,10.5*IR/12,IR+.l ! mesh dependent 
cm,targl4l6,node ! support ring inner top surface nodes

! cartesian coordinatescsys, 0 

allsel

I,

' PROJECT 

NO:
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type, 20 
real,201 
gcgen,contl2,targl3l2,1 

real, 202 
! gcgen, contl3,targl413,1 
gcgen, contl3,tarl4131,1 
gcgen,contl3l,tarl4l3l,1 

real,203 
gcgen,contll,targl4ll,l 

real,204 
gcgen, contl6,targl4l6,1 
gcgen, contl6l,targl4l6,1

generate contact elem btwn inner & outer plates 

generate contact elem btwn plug & inner plate 
I gen contact btwn plug & inner plate (outer row 1) 

gen contact btwn plug & inner plate (outer row 2) 

! generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 
gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.0l 
d,all,uy, 0 symmetry about x-z plane 
allsel

nsel,sloc,x,-.01,.01 
d,all,ux,0 

I allsel
! symmetry about y-z plane (90 degree model only!)

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell now ends at mid-height 
d, all,uz 
allsel

/com radial restraint along 2 longitudinal lines of shell nodes at perim 
/com for side drop on 3" rail 
nsel,s,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,-.0l,.01 
d,all,ux,0 I restrain a longitudinal line of nodes at x=OR 
csysl cylindrical 
nsel,s,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,2.4,2.8 I mesh dependent 
nrotat,all 
d,all,ux,0 restrain a long. line of nodes 1.5" from symm 
csys,0 ! cartesian 
allsel

/com ux-couple shield plug & shell nodes along drop contact line 
/com valid for side loading only! 
esel,s,type,,11,14,3 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,Ltplug-Ttplug/6,L-tplug+0.3 !6 is mesh depe 
cp, next,ux,all 
nsel,s,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,-.0l,.0l 
nsel,r,loc,z,Ltplug-Ttplug/2,L-tplug-T tplug/6 !6 & 2 are mesh 
cp,next,ux,all 
nsel,s,loc,x,IR-.01,IR+.01 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,L_tplug-2*Ttplug/3,L-tplug-T_tplug/2 !2, 3 & 6 are 
cp, next, ux, all 
allsel

ndent

dependent

mesh dependent

eter

. line
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save 

fini 

/solution 

/com analysis parameters 
antype,static 
nroptauto 
neqit,500 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg, le-7 

/com load step 1 - 75g/2000 side drop on rail w/plasticity & nlgeom 
/title,24P-s DSC (Top End) 75g/2000 side drop on rail 
nsubst, 1,8 
acel,-75/2000 
lswrite 
save 
solve 
save 

/com load step 2 - 75g/10 side drop on rail w/plasticity & nlgeom 
/title,24P-s DSC (Top End) 75g/10 side drop on rail 
nsubst, 1,8 
r,202,1.OE+06,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 
r,204,1.OE+06,1E7/100 norm/tan stiffness of gap elem btwn support ring & plug 
acel,-75/10 
lswrite 
save 
solve 
save 

/com load step 3 - 75g side drop on rail w/plasticity & nlgeom 
/title,24P-s DSC (Top End) 75g side drop on rail 
nsubst,8,160,8 
r,202,1.OE+07,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 
r,204,1.OE+07,1E7/100 norm/tan stiffness of gap elem btwn support ring & plug 
acel,-75 
lswrite 
save 
solve 
save 

/com load step 4 - pin outer cover plate weld 
/title,24P-s DSC (Top End) 75g side drop on rail (outer cover pinned) 
nsubst, 1,8,1 
esel, s,type,,15 
nsle 
ekill,all ! kill weld elements 
esel,all 
nsle 
lswrite 

.save 
solve 
ealive,all unkill weld elements for postprocessing 
save 

fini 

/exit 
/eof
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PT24PSD.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com side drop 
resume, t24psd,db 
/postl 
file, t24psd, rst 

/com element plots-------------------------------------------------------------
/show,pt24psd,pic,l I plot to file 
/triad,lbot I triad in lower left corner 
/device,vector,l , vector plots 
/num,2 numbers, no colors 
/vup,l,-x x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 I precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom, l,rect,0.03,0.75,0.94,-0.79 
/show, off discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,l 
rsys,l 

*do,iset,3,4 I define steps to postprocess 
/go 
set, iset 

/com DSC Upper Shell Postl Results---------------------------------------------
esel,s,type,,ll 
nsle 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r, loc, z, L_ring-Hring-5,H-dsc-.7 
nsel,u, loc,y,0,3 
cm,outer,node I outer surface nodes 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,Lring-H_ring-5,H-dsc-.7 
nsel, u, loc, y, 0,3 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,0) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode,loc,y 
*get, zt,node, inode, loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR, yt, zt) 
nsel,s,node,,inode 
nsel, a,node,,onode 
esln 
esel,r, type,,ll 
nsl1e 
nlist,inode,onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes
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cmreminnernode 
*enddo 
/Com 
/com shell adjacent to DSC end components 

theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
doi,3,27 26+1 nodes 

eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczL-itcH-dsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaLotc-Ttw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL -otc-.47/2,L-otc-.47,-.47/2 
inode=node(IR.thetaLotc-Ttw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

of graduated distribution

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 
eselsitype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczL-itcH-dsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaL otc-T tw) 
onode=node(ixthetaL otc) 
nlistinodeonodeonoae-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL-Otc-.47/2,L-otc-.47,-.47/2 
inode=node(IRthetaL -otc-T-tw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

es of graduated distribution

loop

/Com 
/com shell at mid-height
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theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
-doi,3,27 2 
eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczH-dsc/2,H-dsc/2+5 
esln 
esel, r, type,, 11 
nsle 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

6+1 nodes of graduated distribution 

nd i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 
eselstypefll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczH-dsc/2,H-dsc/2+5 
esln 
eselrftype,,ll 
nsle 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

nodes of graduated distribution

id i loop

/com DSC Outer Top Cover Plate Postl 
eselstype,,12 
nsle 
nselrloczL-otc-.01,L-otc+.Ol 
nselrlocxOIR-0.8 
cmouternode outer 
nsle 
nselrloczL-itc-.01,L-itc+.Ol 
nselrlocxOIR-0.4 
cmreminnernode inner 
*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOL itc) 
*getxtnodeinoaelocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
cmselsouter selec 
onode=node(xtytL-Otc) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselrtype,,12

Results -----------------------------------

surface nodes 

surface nodes 

t outer surface nodes
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nsle 
nlist,inode,onodeonode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect ipath nodes 
cm, reminner, node 

*enddo 
/com 
/com outer cover plate adjacent to DSC end components 
theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
*do,i,3,27 26+1 nodes of graduated distribution 
esel,s,type,,12 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r,type,,12 
nsle 

inode=node(IR-.22,theta, 185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode,onode-inode 
ipath, inode, onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode, onode,onode-inode 
lpath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

theta=94.550 
sf=i/i.02325 
dtheta=4.550 
*do,i,i,26 26 
esel,s,type,,12 
nsle 
nsel,r, loc,y,theta-l,theta+l 
esln 
esel,r,type,,12 
nsle 

inode=node(IR-.22,theta,185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49, theta,L otc) 
nlist, inode,onode,onode-inode 
Ipath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end

/com DSC Outer Top Cover Plate Weld Postl 
theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
*do,i,3,27 26+1 nodes

nodes of graduated distribution

i loop

Results--------------------------------

-of graduated distribution
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eselstype,,15 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtypefl5 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IRthetaL-otc-T-tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 
eselstype,,15 
nsle 
nselrlocytheta-ltheta+l 
esln 
esel, r. type, '15 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IRthetaL-otc-T-tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end

nodes of graduated distribution

i loop

/com DSC Inner Top Cover Plate Postl 
eselstype,,13 
nsle 
nselrloczL tplug-.01,Litc+.Ol 
nselrlocxIK-.5,IR+.01 
nsel, r. loc, y, 0, 3 
cmunnodenode 
nsle 
nselrloczL-itc-.01,L-itc+.O1 
cmseluunnode 
cmouternode outer 
nsle 
nselrloczL -tplug-.01,L-tplug+.01 
cmseluunnode 
cmreminnernode inner 
*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(0,0,,L tplug) 
*getxtnodeinojelocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
cinselsouter selec 
onode=node(xtytL -itc) 
nselsnode,,inode

Results -----------------------------------

surface nodes 

surface nodes 

t outer surface nodes

I REVISION:
I PAGE:
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nsel,a,node,,onode 
esln 
esel,r, type,,13 
nsle 
cmsel,u, unnode 
esln,,l 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner, node 

*enddo 

/com DSC Top Shield Plug Postl Results-----------------------------------------
esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.0l 
cm,outer,node I outer surface nodes 
nsle 
nsel,r,loc,zL_ring-.01,L_ring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L ring) 
*get,xt,node,inode,loc,x 
*get, yt,node, inode,loc,y 
*get, zt,node,inode,loc, z 
cmsel,s,outer I select outer surface nodes 
onode=node(xt, yt, Ltplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln I select elem attached to nodes twice to capture 3 thru thickness 
esel,r,type,,14 
nsle 
nlist,inode,onode, onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Support Ring Postl Results------------------------------------
esel, s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r, loc, z, L_ring-H_ring-.01,L -ring-Hring+.01 
cm, reminner, node ! inner surface-nodes 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,Lring-H_ring) 
*get, xt,node, inode, loc,x 
*get, zt,node, inode, loc,z 
*get,yt,node,inode,loc,y 
cmsel,s,outer ! select outer surface nodes 
onode=node(xt,yt, L_ring) 
nsel,s,node,,inode

I.
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nsel,a,node,,onode 
esln 
esel,r,type,,16 
nsle 
nlist, inode, onode,onode-inode 
lpath, inode, onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect lpath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate---------------------------
esel, s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-T tw-.01,L otc-T tw+.Ol 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate---------------------------
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,rloc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.Ol 
spoint,,.01,.0,0- summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L ring-.01,Lring+.O1 
spoint,,.01,.01,0 ! summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r, loc,z,L_ring-Hring-.1,L_ring-Hring+.l 
spoint,,.01,.O1,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,O !numbers and colors 
/device,vector,O raster plots 
ernorm, off 
dsys,O 
/show,file,,O plot to file



TRANSNUCLEAR, INC.  
TN WEST

( PROJECT NO: CALCULATION NO:
SCE-01 I REVISION:
SCE-01.0204 1 AUL:

0
At-Il OT AI-ZI

/dscale,, 1 displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,-0.02,0.60,0. 9 3 ,-0. 8 6 

/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom,l,rect,0.03,0.75,0.94,-0. 7 9 

/auto,l ! zoom - fit 

/com all elements except contact elements and shell elements above rail 
esel, s,type,,ll 
nsle 
nsel, r, loc,y,0,3 
cm, unnode,node 
allsel 
esel,u, type,,20 
cmsel,u,unnode 
esln,,l 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,-0.02,0.60,0. 9 3 ,-0. 8 6 

/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom,l,rect,0.03,0.75,0.94,-0. 7 9 

/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot

/com shell elements excluding those 
esel,s,type,,ll 
nsle 
nsel, u, loc, y, 0,3 
esln,,l 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 plot 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 ! plot 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements exc 
esel, s, type,,12 
nsle 
nsel,r,loc,x, IR-.0l, IR+.01

! plot stress intensity

directly above rail

stress intensity 

stress intensity

luding those in direct contact with shell

(j
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nsel, r, loc, y, 0,3 
cm, unnode,node 
nsle 
cmsel,u,unnode 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate 
esel, s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate 
esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, 0 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.5,IR+.  
nsel,r,loc,y,0,3 
cm, unnode,node 
nsle 
cmsel, u, unnode 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol, s, int, 0 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elemex 
esel,s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int, 0 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elemi 
esel,stype,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s,int, 0 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel

)lot stress intensity

weld elements 

! plot stress intensity 

elements 

! plot stress intensity 

elements excluding those in direct contact with shell 

01 

plot stress intensity 

its 

plot stress intensity 

snts 

plot stress intensity

! end load step loop

fini

S E0 0204...
AT-20 of A,7-21
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exit, nosave 

/eof
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PSDP (analy 

Date/Time: 4122/00 10:18? 

ANSYS Version: 5.3 PC3861486 

Hardware Summary: 

Operating System: Windows NT Ver 

CPU: Dual Pentium-III 

Analysis Modules Used: _tPREP7 

Component Analyzed: 24P-FO DSC Sh 

Loads Considered: 75 side drop acc 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

rsis) (') PT24PSDP (postprocessing) (1)

5/2/00 9:22 AM

.4.0 

450 MHz

*SOLUTION *POSTI 

ell Assembly: Shell and top end components

eleration with internal pressure (2)

Thermal 

Non-Linear 

*Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use out extensions. Plot filenames 
use .pic extensions. _ 

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By:

Checked By:
Mice~h R. fete

Date: (o//¶/6-d 

Date:
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T24PSDP.inp 

/batch, list 
/filname,t24psdp 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/config,ncont, 1500 
/prep7 

/com shell assembly components 
et,l,solid45 3-D Elastic/Plastic Solid - DSC Lower Shell 

et,ll,solid45 ! 3-D Elastic/Plastic Solid - DSC Upper Shell 
et,12,solid45 3-D Elastic/Plastic Solid - DSC Outer Top Cover P1 
et,13,solid45 3-D Elastic/Plastic Solid - DSC Inner Top Cover P1 
et,14,solid45 I 3-D Elastic/Plastic Solid - DSC Top Shield Plug 
et,15,solid45 I 3-D Elastic/Plastic Solid - Top Plate Weld 
et,16,solid45 I 3-D Elastic/Plastic Solid - DSC Support Ring 

et,20,contac49 I 3-D point to surface contact elements 
r,201,l.0E+06,1E7/l00,,,5 ! norm/tan stiffness of gap elem btwn inner & outer plates 
r,202,l.0E+06,1E7/100 I norm/tan stiffness of gap elem btwn plug & inner plate 
! r,203,1.OE+07 ! normal stiffness of gap elem btwn plug and shell 
r,204,l.0E+06,1E7/l00 I norm/tan stiffness of gap elem btwn support ring & plug 
keyopt,20,7,1 I keyopt (7)=l 

et,21,shell63 I Elastic Shell - Lifting Lugs 
r,21,0.75/2 half-thickness of lug 

tref,500 I maximum temperature 

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+0

6 , 2 5 . 3 E+06 I SA-240 Type 316 
nuxy,l,0.29 
/com non-linear properties - Type 316 
etanl=.05 I slope of tangent modulus 
tb,bkin, 1,6 
tbtemp, 70 
tbdata,,30000,etanl*28.3E+06 I cl=sy, c2=tangent modulus 
tbtemp, 200 
tbdata,,25800,etanl*27.6E+06 cl=sy, c2=tangent modulus 
tbtemp, 300 
tbdata,,23300,etanl*27.OE+06 ! cl=sy, c2=tangent modulus 
tbtemp, 400 
tbdata,,21400,etanl*26.5E+06 I cl=sy, c2=tangent modulus 
tbtemp, 500 
tbdata,,19900,etanl*25.8E+06 I cl=sy, c2=tangent modulus 
tbtemp, 600 
tbdata,,18800,etanl*25.3E+06 I cl=sy, c2=tangent modulus 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ***** * 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+0

6 , 2 6 . 7 E+06 
nuxy, 2,0.29 

csys,0 I cartesian coordinates 

/com geometry Tshell=.53 Ishell thickness 

OR=67.19/2 I shell outside radius 
IR=OR-T shell I shell inside radius
H_dsc=186.17 I height (length) of DSC
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T otc=1.3125 
T itc=l.25 
T~tplug=7.625 
T tw=.50 

H ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
Litc=L-otc-T otc 
L~tplug=L_itc-T itc 
L_ring=Ltplug-T_tplug 
Llug=L_ring-H_ring-0.75 

B_lug=3.25 
H_lug=4.13 
R_lug=l.75 
R thru=l.38/2 

/com lower shell keypoints 
k,l,OR-0.25 
k,2,IR+0.21 

k,l,OR 
k,2,IR 
k,6,IR,,Hdsc/2 
k,7,OR,,H_dsc/2 

/com upper shell keypoints 
k,70,IR,,L_lug-B_lug 
k,71,IR,,L_lug 
k,72,IR,,Lring-H_ring 
k,73,IR,,L_ring 
k,74,IR,,L itc 
k,75,IR,,L_otc-Ttw 
k,76,IR+0.21,,Lotc 
k,77,OR-0.19,,L otc 
k,78,OR,,H-dsc-O.59 
k,79,OR,,L-_itc 
k,80,OR,,Lring 
k,81,OR,,Lring-H_ring 
k,82,OR,,Llug 
k,83,OR,,Llug-B_lug 

/com outer top cover plate 
k,90,IR,,L otc 
k,91,IR-0.49,,Lotc 
k, 92, IR-0.9,, L_otc 
k,93,0,,L_otc 
k,95,0,,L itc 
k,96,IR-.44,,Litc 

/com inner top cover platl 
k,101,0,,L itc 
k,102,0,,Ltplug 
k,103,IR,,Ltplug 
k,104,IR-.44,,L itc 
k,105,IR-.44,,L_tplug 

/com top shield plug keyp 
k,ll0,IR,,Ltplug 
k,lll,0,,Ltplug 
k,112,0,,Lring

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.) 

height of support ring 
thickness of support ring 

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 

I support ring location (top surface) 
lug location (top interface with shell) 

base height of the lifting lug 
radial height of the lifting lug 
radius of lug curvature 
radius of lug thru hole 

shell outer bottom 
I shell inner bottom 
shell outer bottom 
shell inner bottom 
mid-heght of DSC 
mid-heght of DSC 

bottom base of the lifting lug 
I top base of the lifting lug 
1 bottom of the support ring 

top of the support ring 
top of the inner top cover plate 
root of outer top cover plate weld 
shell inner top 
shell outer top 
upper chamfer 
line up with KP74 
line up with KP73 
line up with KP72 
line up with KP71 
line up with KP70 

"e keypoints 
weld at inner radius of DSC 
weld interface at top surface 

center of top surface 
center of bottom surface 
outer radius (chamfer)at bottom surface 

"e keypoints 
center of top surface 
center of bottom surface 
outer radius at bottom surface 
radius at top cover plate contact 
line up with KP104 

oints 
outer radius at top surface 
center at top surface 
center at bottom surface

I REVISION: U
I -. Afl A .t Afl flfl

I
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k,113,IR,,Lring ! outer radius at bottom surface

/com support ring keypoints 
k,120,IR,,L ring I outer radius at top surface 
k,121,IR-Tring,,L_ring I inner radius at top surface 
k,122,IR-Tring,,L_ring-Hring I inner radius at bottom surface 
k,123,IR,,L_ring-Hring I outer radius at bottom surface 

/com lifting lug keypoints 
k,130, IR-Hlug+R lug,,L_ring-Rlug 
k,131,IR-Hlug+R lug,,L_ring 
k,i32,IR-H_lug+(l-.707)*R lug 
k,132,IR-Hlug+(l-.707)*R-lug,,L ring-R_lug-.707*Rlug 
k,133, IR-0.6,,L_lug-Blug 

klist 

/com meshing ************************************** 

/com define arcs to sweep volumes and lines 
lsel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H_dsc/2 
k,202,0,IR-5,Hdsc/2 
larc, 201,202,200,IR-5 
cm, swp arcl,line 
! lesize,swp arcl,,,26,1 I 26 divisions on "swparcl" 
lesize,swp_arcl,,,26,2.67/l.5 1 26 divisions on "swparcl", 1.5" elem. for rail

lsel,none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204, 2 0 0 ,IR-7 
cm,swp_arc2,line 
lesize, swp_arc2,,,12,1 
allsel

12 divisions on "swp-arc2"

(remove generation of lower shell elements) 
/com lower shell elements 
lsel,none 
asel, none 
vsel, none 
mat,l 
type,1 
a,1,2,6,7 
lsel,r,loc,x,IR+0.01,OR-0.01 I select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions thru shell thickness 
vdrag,all,,,,,,l I generate volume along line 1 ("swp arcl") 
esize,4.0 I 4" element height for unmeshed lines 
vmesh, all 
cm, alshell, area 
cm, vlshell,volume 
ksel,all

/com upper shell elements 
lsel,none 
asel.,none 
vsel,none 
type, 11 
mat, 1 
a, 6,70,83,7 
a, 70,71, 82,83 
a, 71,72,81,82

- 1-
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a,72,73,80,81 
a,73,74,79,80 
a,74,75,78,79 

a,75,76,77,78 
lsel,r,loc,x,IR+0.01,OR-0.01 selec 
llist 
lesize,all,,, 2  2 div 
ksel, s,,,6, 7 0, 6 4  selec 
lslk,s,l lines 
lesize,all,2.31,,,i/

6 . 4  4" tc 
ksel,s,,, 7 , 8 3 , 7 6  selec 
lslk,s,l lines 
lesize,all,2. 3 1,,,6. 4  0.5" 
vdrag,all,,,,,,l gener 
esize,0. 7 5 I 0.75' 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel,all 

/com outer top cover plate elements 
lsel,none 
asel, none 
vsel,none 
type, 12 
mat,1 
a, 91,92,96,75 
lsel,r,loc,x,IR-0.9,IR I sele 
llist 
lesize,all,,, 2  1 2 di 
vdrag,all,,,,,,l I gene 
v,92,kp(0,IR-0.9,Lotc),93,93,96,kp 
ksel,s,,,93,95,

2  sele 
lslk,s,l I line 
lesize,all,,, 2  2 di 
vmesh, all 
cm, aouttop,area 
cm, vouttop,volume 
ksel,all

t lines for dividing 

isions thru shell thickness 
:t central shell line (inner) 

containing selected keypoints 
0.625" element size 

:t central shell line (outer) 
containing selected keypoints 

to 4" element size 
rate volume along line 1 ("swp arcl") 
' element height for unmeshed lines 

ct lines for dividing 

visions for selected lines 
rate volume along line 1 ("swp-arcl") 
(0,IR-0.44,L itc),95,95 
ct centerline 
s containing selected keypoints 
visions thru plate thickness

/com inner top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 13 
mat,l 
ksel,s,kp,,74 
ksel,a, kp,,101,105,1 
a,74,104,105,103 
lsel,s,locx,IR-.4,IR-.l 
lesizeall,,,l, l 1 division for horizontal lines 

vdrag,all,,,,,,l I generate volume along line 1 ("swp_arcl") 

v,104,kp(0,IR-.44,L itc),l0l,10l,105,kp(0,IR-.44,Ltplug),102,10
2 

esize,T itc/2 ! 2 elements thru plate 
vmesh,afl 
cm, aintop, area 
cm, vintop,volume 
ksel,all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type,14

I ���II�gAM. A
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mat, 2 
ksel,s,kp,,ll0,113,1 
ldrag,ll0,11 3 ,,,,, 2  generate lines along line 2 ("swparc2") 

v,1l0,kp(0,IR,Ltplug),lll,lll,113,kp(0,IR,L_ring),112,
1 12 

esize,T_tplug/3 3 elements thru plate 
vmesh,all 
cm, atopplug, area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type, 15 
mat,l 
a,76, 91,75,75 
lselr,loc,z,Lotc 
lesize,all,,,2,0.

4 9 /0. 2 1 2 d 
vdrag,all,,,,,,l gen 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume

ivisions, generate node at IR 
erate volume along line 1 ("swparcl")

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type,16 
mat,l 
a,120,121,122,123 
isel,r,loc'z,L ring , select upper radial line 

lesize,all,,, 2,(Tring-.40)/.
4 0 ! 2 divisions, gen node at shield plug ci 

lsla,s ! lines contained in above areas 

lsel,r,loc,z,L_ring-Hring ! select lower radial line 

lesize,all,,,2,.40/(T_ring-.40) ! 2 divisions, gen node at shield plug ci 

lsla,s lines contained in above areas 

vdrag,all,,,,,,l I generate volume along line 1 ("swp arcl") 

esize,H ring/2 1 2 elements thru plate height 
vmesh, afl 
cm, asupring,area 
cm, vsupring,volume

hamfer 

hamfer

/com lifting lug elements 
lsel,none 
asel,none 
vsel,none 
type,21 
real,21 
mat,l 
larc,131,132,130,Rlug 
a,70,71,122,121,131,1

3 2 ,1 3 3 

cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,Lotc 
cyl4,kx(130),kz(130),Rthru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,athru 
amesh, all 
csysl 
esel,s,type,,21.  
allsel,below, elem

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes

r

IN r6-vI1%01 4,/
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*get,maxnode,node,,num,max 
ngen,2,maxnode, all,,,0,90,0 
egen,2,maxnode, all 
csys,0 
esel,s,type,,ll,21,10 
allsel,below, elem 
nummrg,node 
esel,stype,,16,21,5 
allsel,below, elem 
nummrg,node

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

I merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nummrg,node ! upper shell to weld to outer top cover plate

allsel 

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

csys, 1 ! cylindrical coordinates

esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.0l 
nummrg,node - weld of inner cover plate to shell 

esel,s,type,,ll,16,5 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lring-.01,Lring+.0l 
nummrg,node I upper (continuous) weld of support ring 

nsel,s,loc,y,0,90/26 
nsel,a,loc,y, 5.9*90/26,7.1*90/26 
nsel,a,loc,y, 11.9*90/26,13.1*90/26 
nsel, a, loc, y,18.9*90/26,20.1*90/26 
nsel,a, loc,y,24.9*90/26,26*90/26 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc, z,L_ring-Hring-.01,.Lring-Hring+.0l 
nummrg,node ! lower (intermittent) weld of support ring 

csys,0 I cartesian coordinates 
allsel 

/com reflect quarter geometry to generate half model 

*get,maxnode,node,,num,max I get maximum node number 

nsym,x,maxnode,all I reflect all nodes 

esym,,maxnode,all I reflect all elements

*do, i,11,16,1 
/gopr 
esel, s,type,,i 
nsle 
nummrg, node

! merge nodes at line of symmetry (top shell components)

C
I DOIII|M.
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*enddo

esel,s,type,,21 
nsle 
nummrg,node

allsel 

/com define contact elements 
/com top end plates 

esel,s,type,,ll 
nsle 
cm, contll,node 

esel,stype,,12 
nsle 
cm, contl2,node 

esels,type,,13 
nsle 
cm, contl3,node 
csys,l 
nsel,r,loc,x,IR-.45,IR-.4

3 

cm, contl3l,node

! merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

nodes of outer top cover plate 

nodes of inner top cover plate 
cylindrical coordinates 

inner top cover plate nodes at outer pl. chamfer

esel,s,type,,16 
nsle 
nsel,r,loc,z,L_ring-.01,L-ring+.O1 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm,contl6,node nodes of support ring at plug chamfer 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.Ol 
nsel,r,loc,x,IR-T_ring-.l,IR-Tring+.l 
cm,contl6l,node nodes of support ring at inner radius 

csys,O cartesian coordinates 

cmsel,s,contl3 
nsel,r,loc,z,Litc-.01,Litc+.Ol 
cm,targl3l2,node inner top cover plate top surface nodes 

esel,s,type,,14 
nsle 
nsel,r,.loc,z,L_tplug-.01,Ltplug+.Ol 
cm,targl4l3,node top shield plug top surface nodes 

csys,l cylindrical coordinates 
nsel,r,loc,x,10.5*IR/12,IR+.l ! mesh dependent 
cm,tarl4l3l,node ! shield plug out row of surface nodes

esel,s,type,,14 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
cm,targl4ll,node ! top 

esel,s, type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.Ol 
nsel,r, loc,x,l0.5*IR/12,IR+.l 
cm,targl4l6,node I sup 

csys,O ! car

shield plug circumferential nodes 

! mesh dependent 
port ring inner top surface nodes 

tesian coordinates

allsel

if
rA"M:
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type, 20 
real, 201 
gcgen,contl2,targl

3l2,1 
real,202 
! gcgen,contl3,targl

4 l3,1 
gcgen,contl3,tarl

4l 3l1, 
gcgen,contl3l,tarl4131,1 

real,203 
gcgen,contll,targl

4ll1, 
real,204 
gcgen,contl6,targl 4l6,1 
gcgen,contl61,targl 4l6,1

generate contact elem btwn inner & outer plates 

! generate contact elem btwn plug & inner plate 
gen contact btwn plug & inner plate (outer row 1) 

gen contact btwn plug & inner plate (outer row 2) 

! generate contact elem btwn plug and shell 

gen contact elem btwn support ring & plug (outer) 

gen contact elem btwn support ring & plug (inner)

/com compress node and element numbering 
numcmp,node 
numcmp, elem

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.0l,.O1 
d,all,uy, 0 symmetry about x-z plane 
allsel 

! nsel,slocx,-.01,.01 
d,all,ux,0 I symmetry about y-z plane (90 degree model only!) 

allsel

/com end of shell boundary conditions 
nsel,s,loc,z,H-dsc/

2  , shell now ends at mid-height 
d,all,uz 
allsel 

/com radial restraint along 2 longitudinal lines of shell 

/com for side drop on 3" rail 
nsel,s,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,y,-.01,.01 
d,all,ux,0 I restrain a longitudinal line o 

csysl I cylindrical 
nsel,s,loc,x,OR-.01,OR+.Ol 
nsel,r,loc,y, 2 . 4 , 2 . 8  I mesh dependent 
nrotat, all 
d,all,ux,0 ! restrain a long. line of nodes 

csys.,0 cartesian 
allsel

nodes at perimeter 

f nodes at x=OR 

1.5" from symm. line

/com ux-couple shield plug & shell nodes along drop contact line 

/com valid for side loading only! 
esel,s,type,,ll,14,3 
nsle 
nsel,rloc,x,IR-.0l,IR+.O1 
nsel,r,loc,y,-.01,.01 
nsel, r,loc, z, L_tplug-Ttplug/6, Ltplug+0.3 16 is mesh dependent 

cp,next,ux, all 
nsel,s,loc,x,IR-.0l,IR+.O1 
nsel,r,loc,y,-.01,.01 
nsel,r,loc,z,L_tplug-T_tplug/2,L_tplug-T_tplug/6 !6 & 2 are mesh dependent 

cp, next,ux,all 
nsel,s,loc,x,IR-.0l,IR+.Ol 
nsel,r,loc,y,-.0l,.01 
nsel,r, loc, z, Ltplug-2*T-tplug/3,L_tplug-T_tplug/2 12, 3 & 6 are mesh dependent 

cpnext,ux,all 
allsel

C SCE-01 .0204
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save 

fini 

/solution 

/com analysis parameters 
antype, static 
nropt,auto 
neqit, 500 
pred, on,,on 
autots,on 
nlgeom, on 
eqslv,pcg,le-7 

/com load step 1 - (lg+20psi)/2000 side drop on rail w/plasticity & nlgeom 
/title,24p-FO DSC (Top End) (lg+20psi)/2000 side drop on rail 
nsubst, 1,8 
acel,-1/2000 
csysl cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,Ltplug+.01 
nsel,r, loc,x,0,IR+.01 
sf,all,pres,20/2000 
nsle 
nsel,r,loc,z,Ltplug-.01,L itc+.0l 
nsel,r,loc,x,IR-.01,IR+.0l 
sf,all,pres,20/2000 
csys,0 ! cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 2 - lg+20psi side drop on rail w/plasticity & nlgeom 
/title,24p-FO DSC (Top End) lg + 20psi side drop on rail 
nsubst, 1,8 
acel,-l 
csysl ! cylindrical coordinates 
esel,s,type,,1l,13,2 
nsle 
nsel,r, loc, z,H_dsc/2,L tplug+.01 
nsel,r, loc,x,0,IR+.0l 
sf, all, pres, 20 
nsle 
nsel,r,loc, z,L_tplug-.01,L itc+.01 
nsel, r, loc,x, IR-.01, IR+.01 
sf,all,pres,20 
csys,0 ! cartesian coordinates 
allsel 
iswrite 
save 
solve 
save 

/com load step 3 - 7.5g+20psi side 'drop on rail w/plasticity & nlgeom 
/title,24p-FO DSC (Top End) 7.5g + 20psi side drop on rail 
nsubst,1,8 
r,201,1.0E+06,1E7/100,,,5 ! norm/tan stiffness of gap elem btwn inner & outer plates 
r,202,1.0E+06,1E7/100 norm/tan stiffness of gap elem btwn plug & inner plate 

r,204,1.0E+06,1E7/100 ! norm/tan stiffness of gap elem btwn support ring & plug 

acel,-75/10

I
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csys,l cylindrical coordinates 
esel,s,type,,ll,13,2 
nsle 
nsel,r,loc,z,Hdsc/2,L_tplug+.01 
nsel,r,loc,x,0,IR+.Ol 
sf,all,pres,20 
nsle 
nsel,r,loc,z,Ltplug-.01,L itc+.01 
nsel,r,loc,x,IR-.Ol,IR+.Ol 
sf,all,pres,20 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 4 - 75g+20psi side drop on rail w/plasticity & nlgeom 
/title,24p-FO DSC (Top End) 75g + 20psi side drop on rail 
nsubst, 8,50,8 
acel,-75 
csys,l cylindrical coordinates 
esel,s,type,,l1,13,2 
nsle 
nsel,r,loc,z,H -_dsc/2,L_tplug+.01 
nsel,r,loc,x,0,IR+.Ol 
sf,all,pres,20 
nsle 
nsel,r,loc,z,L_tplug-.01,L-itc+.O1 
nsel,r,loc,x,IR-.01,IR+.Ol 
sf,all,pres,20 
csys,0 cartesian coordinates 
allsel 
lswrite 
save 
solve 
save 

/com load step 5 - pin outer cover plate weld 
/title,24p-FO DSC (Top End) 75g + 20psi side drop on rail (outer cover pinned) 
nsubst, 1,8,1 
esel,s,type,,15 
nsle 
ekill,all kill weld elements 
esel,all 
nsle 
lswrite 
save 
solve 
ealive, all ! unkill weld elements for postprocessing 
save 

fini 

/exit

/eof
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PT24PSDP.inp 

/batch, list 
/com 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com side drop + pressure 
resume,t24psdp,db 
/postl 
file,t24psdp, rst 

/com element plots 
/show,pt24psdp,pic,l plot to file 
/triad,lbot triad in lower left corner 
/device,vector,l vector plots 
/num,2 I numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 ! precise hidden 
esel,u,type,,20 I unselect contact elements 
eplot I plot elements 
/zoom, l,rect,0.03,0.75,0.94,-0.79 
/show, off I discontinue plots to file 
/auto,l I zoom - fit 

csysl I cylindrical coordinate system 
dsys,1 
rsys,1 

S*do, iset,4,5 I define steps to postprocess 

/go 
set,iset 

/com DSC Upper Shell Postl Results---------------------------------------------
esel, s,type,,ll 
nsle 
nsel,r,loc,x,OR-.01,OR+.01 
nsel,r,loc,z,L_ring-Hring-5,H dsc-.7 
nsel,u, loc,y, 0,3 
cm,outer,node ! outer surface nodes 
nsle 
nsel,r,loc,x,IR-.01,IR+.01 
nsel,r, loc,z, L_ring-Hring-5,H_dsc-.7 
nsel,u,loc,y,0,3 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, 1 

!/gopr 
inode=node(0,0,0) 
*get,xt,node, inode, loc,x 
*get,yt,node,inode, loc, y 
*get, zt,node,inode, loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR, yt, zt) 
nsel, s,node,,inode 
nsel,a,node,,onode 
esln 
esel,r, type,,ll 
nsle 
nlistinode,onodeonode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node



( PROJECT NO: 7CALCULATION NO:

I REVISION:
1 PAGE:

I

SCE-01 0
A8-14 of A8-22SCE-01.0204

*enddo 
/com 
/com shell adjacent to DSC end components 
theta=5.1719 
sf=1.02325 
dtheta=2.5561*sf 
*doi,3,27 26+1 nodes 

eselsrtyperii 
nsle 
nselrlocfytheta-ltheta+l 
nselrloczL-itcH-dsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaLotc-Ttw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL otc-.47/2,L otc-.47,-.47/2 
inode=node(IRthetaLotc-Ttw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

of graduated distribution

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 nod 
eselstype,,Il 
nsle 
nselrlocytheta-ltheta+l 
nselrloczLitcH-dsc+.Ol 
esln 
eselrtype,,ll 
nsle 
*doixIR+.21,OR-.19,OR-.19-(IR+.21) 
inode=node(IRthetaLotc-Ttw) 
onode=node(ixthetaL otc) 
nlistinodeonodeonoZie-inode 
lpathinodeonode 
prsect 

*enddo 
*doizL-Otc-.47/2,L-otc-.47,-.47/2 
inode=node(IRthetaL -otc-T-tw) 
onode=node(ORthetaiz) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i

es of graduated distribution

loop

/com 
/com shell at mid-height 
theta=5.1719
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sf=1.02325 
dtheta=2.5561*sf 
*doi,3,27 2 
eselstype,,ll 
nsle 
nselrlocytheta-ltheta+l 
nselrloczH-dsc/2,H-dsc/2+5 
esln 
eselrtype.,11 
nsle 
inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH-dsc/2) 
nlistinodeonodeonode-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

6+1 nodes of graduated distribution

nd i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
-doi,1,26 2( 

eselstype,,ll 
nsle 
nselrlocyftheta-ltheta+l 
nselrloczH-dsc/2,H-dsc/2+5 
esln 
eselrtype,.ll 
nsle 

inode=node(IRthetaH-dsc/2) 
onode=node(ORthetaH dsc/2) 
nlistinodeonodeonoae-inode 
lpathinodeonode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo e

nodes of graduated distribution

nd i loop

/com DSC Outer Top Cover Plate Postl 

eselstype,,12 
nsle 
nselrloczL otc-.01,L otc+.Ol 
nselrlocxOIR-0.8 
cmouternode outer 

nsle 
nselrloczL -itc-.01,L-itc+.01 
nselrlocxOfIR-0.4 
cmreminnernode inner 
*gettotnodenode,,count 
*doiltotnodel 

!/gopr 
inode=node(OOL itc) 
*getxtnodeinoUelocx 
*getytnodeinodelocy 
*getztnodeinodelocz 
amselsouter selec 

onode=node(xtytLotc) 
nselsnode,,inode 
nselanode,,onode 
esln 
eselrtype,,12 
nsle

Results -----------------------------------

surface nodes 

surface nodes 

t outer surface nodes
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nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner ! select remaining inner surface nodes 
nsel,u,node,,inode unselect ipath nodes 
cm, reminner,node 

*enddo 
/com 
/com outer cover plate adjacent to DSC end components 
theta=5.1719 
sf=i.02325 
dtheta=2.5561*sf 
*do,i,3,27 26+1 nodes of graduated distribution 
esel, s,type,,12 
nsle 
nsel, r, loc,y,theta-l,theta+l 
esln 
esel,r,type,,12 
nsle 

inode=node(IR-.22,theta,185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode, onode,onode-inode 
ipath, inode,onode 
prsect 
inode=node(IR,theta,L -otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
ipath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo end i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*do,i,i,26 26 
esel,s,type,,12 
nsle 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel,r, type,,12 
nsle 

inode=node(IR-.22,theta,185.17) 
onode=node(IR-.70,theta,L otc) 
nlist,inode, onode,onode-inode 
ipath, inode, onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist, inode,onode, onode-inode 
ipath, inode,onode 
prsect 

dtheta=sf*dtheta 
theta=theta+dtheta 

*enddo I end

/com DSC Outer Top Cover Plate Weld Postl 
theta=5.1719 
sf=i.02325 
dtheta=2.5561*sf 
*do,i,3,27 ! 26+1 nodes 
esel,s,type,,15

nodes of graduated distribution

i loop

Results - - - - - - - - - - - - - - -

of graduated distribution

: 
r



nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtype,.15 
nsle 
*doixIR-.49,IR+.21,(.49+.21)/2 
inode=node(IRthetaL-otc-T-tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonode-inode 
lpathinode.onode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end i loop

theta=94.550 
sf=1/1.02325 
dtheta=4.550 
*doi,1,26 26 
eselstype,,15 
nsle 
nselrlocytheta-ltheta+l 
esln 
eselrtype,,15 
nsle 
*doixIR-.49fIR+.21,(.49+.21)/2 
inode=node(IRthetaL otc-T tw) 
onode=node(ixthetaL-otc) 
nlistinodeonodeonoae-inode 
lpath.inodeonode 
prsect 

*enddo 
dtheta=sf*dtheta 
theta=theta+dtheta 
*enddo end

nodes of graduated distribution

i loop

/com DSC Inner Top Cover Plate.Postl Results ----------------------------------
eselstype,,13 

nsle 

nselrloczLtplug-.01,L-itc+.OI 

nselrlocxIR-.5,IR+.Ol 

nsel, r, loc. yr 0, 3 

cmunnodenode 

nsle 

nselrloczL-itc-.01,L-itc+.Ol 

cmseluunnode 

cmouternode outer surface nodes 

nsle 

nselrloczLtplug-.01,L-tplug+.O1 

cmseluunnode 

cmreminnernode inner surface nodes 

*gettotnodenode,,count 

*doiltotnodel 

!/gopr 

inode=node(OOLtplug) 

*getxtnodeinodelocx 

*getytnodeinodelocy 

*getztnodeinodelocz 

cmselsouter select outer surface nodes 

onode=node(xtytL itc) 

nselsnode,,inode 

nselanode,,onode
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esln 
esel,r, type,,13 
nsle 
cmsel,u,unnode 
esln,,l 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Top Shield Plug Postl Results 
esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,Ltplug+.01 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
cm,reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,L_ring) 
*get,xt,node,inode,loc, x 
*get, yt,node, inode, loc, y 
*get, zt,node, inode, loc,z 

cmsel,s,outer select outer surface nodes 
onode=node(xt,yt, Ltplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln select elem attached to nodes twice to capture 3 thru thickness 
esel,r, type,,14 
nsle 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect lpath nodes 
cm, reminner,node 

*enddo 

/com DSC Support Ring Postl Results 
esel, s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.01 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lring-Hring-.01,L_ring-Hring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,Lring-H_ring) 
*get,xt,node, inode, loc,x 
*get,yt,node,inode, loc,y *get, zt, node, inde,loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(xt,yt,Lring) 
nsel,s,node,,inode 
nsel,a,node,,onode

I
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esln 
esel,r,type,,16 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 
nsel,u,node,,inode unselect ipath nodes 
cm, reminner, node 

*enddo 

/com Nodal Forces for Weld of Outer Top Cover Plate---------------------------
esel,s,type,,12,15,3 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-Ttw-.01,L otc-T tw+.Ol 
spoint,,.01,.O0,O T summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate---------------------------
/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,L itc+.01 
spoint,,.01,.0,0 - summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring-------------------------------------
/com 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,zL_ring-.01,L_ring+.Ol 
spoint,,.01,.01,0 I summation in cylindrical coordinate system 
nlist 
nforce 
/com 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.l,IR+.l 
nsel,r,loc,z,Lring-Hring-.l,Lring-H_ring+.l 
spoint,,.01,.O0,O -summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height---------------------------------------
nsel,s,loc,z,Hdsc/2-.l,Hdsc/2+.l 
nlist 
prrsol, fz 

allsel 

/com Stress Plots--------------------------------------------------------------
/num,O numbers and colors ( /device,vector,O raster plots 
ernorm, off 
dsys,0 
/show,file,,O I plot to file
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/dscale,, 1 ! displacement scale

/com all elements (excluding contact elements) 
esel,u,type,,20 unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,-0.02,0.60,0. 9 3 ,- 0 . 8 6 

/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom,l,rect,0.03,0. 7 5,0. 9 4 ,-0. 7 9 

/auto,l ! zoom - fit

/com all elements except contact elements and shell elements above rail 
esel,s,type,,ll 
nsle 
nsel,r,loc, y,0,3 
cm, unnode,node 
allsel 
esel,u, type,,20 
cmsel,u,unnode 
esln,,l 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,0 plot stress intensity 
/zoom,l,rect,-0.02,0.60,0. 9 3 ,-0. 8 6 

/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot 
/zoom,l,rect,0.03,0. 7 5,0. 9 4 ,-0. 7 9 

/auto,l ! zoom - fit

/dscale, , I ! displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,0.5 
plnsol, s,int,0 
/view,,0.2,0.8,0.5 
/replot

/com shell elements excluding those 
esel,s,type,,ll 
nsle 
nsel,u, loc,y, 0,3 
esln,,l 
/view,,-0.2,-0.8,0.5 
plnsol,s,int, 0 plot 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements 
esel,s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 I plot 
/view,,0.2,0.8,0.5 
/replot

! plot stress intensity

directly above rail

stress intensity 

stress intensity

/com outer cover plate elements excluding those in direct contact with shell 
esel,s, type,,12 
nsle 
nsel,r, loc,x, IR-.01,IR+.01 
nsel,r,loc, y, 0,3

,,ACLTO NO:
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cm, unnode,node 
nsle 
cmsel,u,unnode 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate 
esel, s, type, ,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate 
esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.5,IR+.  
nsel, r, loc, y, 0,3 
cm, unnodenode 
nsle 
cmsel,u,unnode 
esln,,l 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,0 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elemer 
esel,s,type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol, s, int,0 
/view,,0.2,0.8,0.5 
/replot 

/com support ring eleme 
esel, s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, 0 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

.*enddo 

allsel 

fini

plot stress intensity

weld elements 

! plot stress intensity 

elements 

! plot stress intensity 

elements excluding those in direct contact with shell 

01 

plot stress intensity 

nts 

plot stress intensity 

ýnts 

plot stress intensity

! end'load step loop

exit,nosave

v
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ANSYS Analysis Summary & Computer Run Coversheet

Calculation Number: SCE-01.0204 

Run ID: T24PTH (analys 

Date/Time: 6/1/00 4:19 PMY 

ANSYS Version: 5.3 PC386/486 

Hardware Summary: 

Operating System: Windows NT Vei 

CPU: Dual Pentium-Il 

Analysis Modules Used: *PREP7 

Component Analyzed: 24P-FO DSC S" 

Loads Considered: Thermal cases 

Analysis Type: *Static 

Materials: *Linear 

Geometry: -Linear _ 

Element Types Used: 

Solid45: 3-D elastic/plastic solid

;is) (1) PT24PTH (postprocessing) (1)

6110/00 9:02 PM

r. 4.0

I 450 MHz

*SOLUTION *POST1 

iell Assembly: Shell and top end components

_Thermal 

Non-Linear 

•Non-Linear

Other:

Contac49: 3-D point to surface contact

Other Information: 

1. Input filenames use .inp extensions while output filenames use .out extensions. Plot filenames 
use .pic extensions.  

2. Specific load values are tabulated in an ANSYS Run Summary Table in the body of the 
calculation.

Run By: 1j 

Checked By:

Date: I,_,/I/__ A 

Date: ,1,,, 

.0 /
'Steverd R. Streutker

i- .....

2)

MichaEohi

I
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T24PTH.inp 

/batch, list 
/filname, t24pth 
/title,24P-FO DSC Shell Assembly (Top End, 180 degree Model) 
/prep7 

/com shell assembly components 
et,l,solid45 ! 3-D Elastic/Plastic Solid - DSC Lower Shell

3-D 
3-D 
3-D 
3-D 
3-D 
3-D

et, ll,solid45 
et,12,solid45 
et,13,solid45 
et,14,solid45 
et,15,solid45 
et,16, solid45 

et,20,contac49 
!r,201,1.OE+07,, 
r,202,1.OE+06 
!r,203,1.OE+07 
r,204,1.OE+07 
keyopt, 20,7,1 

et,21,shell63 
r,21,0.75/2

Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic 
Elastic/Plastic

Solid 
Solid 
Solid 
Solid 
Solid 
Solid

DSC 
DSC 
DSC 
DSC 
Top 
DSC

Upper Shell 
Outer Top Cover P1 
Inner Top Cover P1 
Top Shield Plug 
Plate Weld 
Support Ring

3-D point to surface contact elements 
,,5 !normal stiffness of gap elem btwn inner & outer plates 

normal stiffness of gap elem btwn plug & inner plate 
normal stiffness of gap elem btwn plug and shell 

normal stiffness of gap elem btwn support ring & plug 
keyopt (7)=l 

* Elastic Shell - Lifting Lugs 
* half-thickness of lug

tref,70

/com material 1 - DSC Shell: SA-240 Type 316 (18Cr-8Ni) * 
mptemp, 1,70,200,300,400,500,600 
dens,1,493/1728 
mpdata,ex,l,l,28.3E+06,27.6E+06,27.OE+06,26.5E+06,25.8E+06,25.3E+06 ! SA-240 Type 316 
mpdataalpx,l,l,0,8.76E-06,8.97E-06,9.21E-06,9.42E-06,9.60E-06 
nuxy, 1,0.29 

/com material 2 - Shield Plugs: SA-36 (C-Mn-Si) ************************** 

mptemp, 1,70,200,300,400,500,600 
dens,2,490/1728 
mpdata,ex,2,1,29.5E+06,28.8E+06,28.3E+06,27.7E+06,27.3E+06,26.7E+06 
mpdata,alpx,2,1,0,5.89E-06,6.26E-06,6.61E-06,6.91E-06,7.17E-06 
nuxy,2,0.29

csys, 0 ! cartesian coordinates

/com geometry 
T shell=.53 
OR=67.19/2 
IR=OR-T shell 
Hdsc=186.17 

T otc=1.3125 
T-itc=l.25 
T~tplug=7.625 
T tw=.50 

H_ring=2.00 
T_ring=0.75 

L otc=H dsc-0.12 
L-itc=L-otc-T otc 
L-tplug=L itc-T itc 
L~ring=Ltplug-T_tplug 
L_lug=Lring-Hring-0.75

shell thickness 
shell outside radius 
shell inside radius 
height (length) of DSC 

outer top cover plate thickness 
inner top cover plate thickness 
top shield plug thickness 
thickness of outer top cover plate weld (min.) 

I height of support ring 
thickness of support ring 

outer top cover plate location (top surface) 
inner top cover plate location (top surface) 
top shield plug location (top surface) 
support ring location (top surface) 
lug location ftop interface with shell)

-'I
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B_lug=3.25 base height of the lifting lug 
I H_lug=4.13 I radial height of the lifting lug 

R_lug=l.75 I radius of lug curvature 
R thru=l.38/2 I radius of lug thru hole 

/com lower shell keypoints 
k,l,OR I shell outer bottom 
k,2,IR I shell inner bottom 
k,6,IR,,H dsc/2 I mid-heght of DSC 
k,7,OR,,H-dsc/2 I mid-heght of DSC 

/com upper shell keypoints 
k,70,.IR,,L_lug-B_lug I bottom base of the lifting lug 
k,71,IR,,L_lug I top base of the lifting lug 
k,72,IR,,L_ring-Hring I bottom of the support ring 
k,73,IR,,L_ring I top of the support ring 
k,74,IR,,L itc I top of the inner top cover plate 
k,75,IR,,L-otc-T tw root of outer top cover plate weld 
k,76,IR+0.21,,L otc I shell inner top 
k,77,OR-0.19,,L-otc I shell outer top 
k,78,OR,,Hdsc-O.59 I upper chamfer 
k,79,OR,,L itc I line up with KP74 
k,80,OR,,L-ring I line up with KP73 
k,81,OR,,Lring-H_ring I line up with KP72 
k,82,OR,,Llug line up with KP71 
k,83,OR,,L_lug-B_lug I line up with KP70 

/com outer top cover plate keypoints 
k,90,IR,,L otc ! weld at inner radius of DSC 
k,91,IR-0.49,,L otc I weld interface at top surface 
k,92,IR-0.9,,Lotc 
k,93,0,,L otc I center of top surface 
k,95,0,,L itc ! center of bottom surface 
k,96,IR-.44,,Litc I outer radius (chamfer)at bottom surface 

/com inner top cover plate keypoints 
k,101,0,,L itc I center of top surface 
k,102,0,,L~tplug ! center of bottom surface 
k,103,IR,,L_tplug ! outer radius at bottom surface 
k,104,IR-.44,,Litc I radius at top cover plate contact 
k,105,IR-.44,,L_tplug I line up with KP104

/com top shield plug 
k,ll0,IR,,Ltplug 
k, lll,0,,L_tplug 
k,112,0,,Lring 
k,113,IR,,L_ring

keypoints

/com support ring keypoints 
k,120,IR,,Lring 
k,121,IR-Tring,,Lring 
k,122,IR-Tring,,L_ring-H_ring 
k,123,IR,,L_ring-Hring

outer radius at top surface 
center at top surface 
center at bottom surface 
outer radius at bottom surface 

* outer radius at top surface 
* inner radius at top surface 
* inner radius at bottom surface 
* outer radius at bottom surface

/com lifting lug keypoints 
k,130, IR-Hlug+Rlug,,Lring-Rlug 
k,131,IR-H_lug+- R_lug,,Lring 
k,132,IR-H_lug+(l-.707)*R_lug 
k,132,IR-H_lug+(l-.707)*Rlug,,Lring-Rlug-.707*Rlug 
k,133,IR-0.6,,Llug-Blug

klist

*
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/com meshing * 

/com define arcs to sweep volumes and lines 
lsel,none 
k,200,0,,Hdsc/2 
k,201,IR-5,,H dsc/2 
k,202,0,IR-5,H dsc/2 
larc, 201,202, 200,IR-5 
cm, swparcl,line
lesize, swparcl,.,.26,1 

isel,none 
k,203,IR-7,,H dsc/2 
k,204,0,IR-7,H dsc/2 
larc,203,204,200,IR-7 
cm, swparc2,line 
lesize,swparc2,, ,12,1 
allsel 

/com upper shell elements 
lsel,none 
asel,none 
vsel, none 
type,ll 
mat,l 
a, 6,70,83,7 
a, 70,71,82,83 
a, 71,72,81,82 
a,72,73,80,81 
a, 73,74,79,80 
a,74,75,78,79 
a, 75,76,77,78 
lsel, r, loc,x, IR+0.01,OR-0.0l 
llist 
lesize, all,,, 2 
ksel, s,,,6,70,64 
lslk, s,l 
lesize,all,2.31,,,i/6.4 
ksel,s,, ,7,83,76 
lslk, s,l 
lesize,all,2.31,,, 6.4 
vdrag, all,,,,,,l 
esize, 0.75 
vmesh, all 
cm, aushell,area 
cm, vushell,volume 
ksel,all

26 divisions on "swp_arcl" 

12 divisions on "swp arc2" 

select lines for dividing 

2 divisions thru shell thickness 
I select central shell line (inner) 

lines containing selected keypoints 
4' to 0.625" element size 
select central shell line (outer) 
lines containing selected keypoints 
0.5" to 4" element size 
generate volume along line 1 ("swp arcl") 
0.75" element height for unmeshed Tines

/com outer top cover plate elements 
lsel,none 
asel,none 
vsel,none 
type, 12 
mat, l 
a, 91,92,96,75 
lsel,r,loc,x,IR-0.9,IR ! select lines for dividing 
llist 
lesize,all,,,2 ! 2 divisions for selected lines 
vdrag,all,,,,,,l ! generate volume along line 1 ("swparcl") 
v,92,kp(0,IR-0.9,L_otc),93,93,96,kp(0,IR-0.44, L_itc),95,95 
ksel,s,,,93,95,2 I select centerline 
lslk,s,l I lines containing selected keypoints 
lesize,all,,,2 I 2 divisions thru plate thickness
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vmesh, all 
cm, aouttop, area 
cm, vouttop, volume 
ksel,all 

/com inner top cover plate elements 
lsel,none 
asel, none 
vselnone 
type, 13 
mat,l 
ksel,s,kp, ,74 
ksel,a, kp,,101,105,1 
a,74,104,105,103 
lsel,s,loc,x,IR-.4,IR-.l 
lesize,all,,, 1, 1 division for horizontal lines 
vdrag,all,,,,,,l generate volume along line 1 ("swp arcl") 
v,104,kp(0,IR-.44,Litc),101,101,105,kp(0,IR-.44,L_tplug),102,102 
esize,T itc/2 2 elements thru plate 
vmesh, all 
cm, aintop, area 
cm, vintop, volume 
ksel, all 

/com top shield plug elements 
lsel,none 
asel,none 
vsel,none 
type,14 
mat, 2 
ksel,s,kp,,ll0,113,1 
ldrag,1l0,113,,,,,2 generate lines along line 2 ("swparc2") 
v,ll0,kp(0,IR,L_tplug),lll,lll,113,kp(0,IR, L_ring),112,112 
esize,Ttplug/3 3 elements thru plate 
vmesh, all 
cm, atopplug,area 
cm, vtopplug,volume 
ksel,all

/com weld of outer top cover plate 
lsel,none 
asel,none 
vsel,none 
type,15 
mat,l 
a,76,91,75,75 
lsel,r,loc,z,Lotc 
lesize,all,,,2,0.49/0.21 ! 2 d 
vdrag,all,,,,,,l ! gen 
vmesh, all 
cm, atopweld, area 
cm, vtopweld, volume

ivisions, generate node at IR 
erate volume along line 1 ("swparcl")

/com support ring elements 
lsel,none 
asel,none 
vsel,none 
type, 16 
mat, l 
a,120,121,122,123 
lsel,r,loc,z,Lring select upper radial line 
lesize,all,,,2, (T_ring-.40)/.40 ! 2 divisions, gen node 
lsla,s ! lines contained in above 
lsel,r,loc,z,Lring-Hring ! select lower radial line

I-

at shield plug chamfer 
areas
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lesize,all,,,2,.40/(T ring-.40) ! 2 divisions, gen node at shield plug chamfer 
lsla,s lines contained in above areas 
vdrag,all,,,,,,l generate volume along line 1 ("swp arcl") 
esize,H ring/2 2 elements thru plate height 
vmesh, all 
cm, asupring,area 
cm, vsupring,volume

/com lifting lug elements 
lsel,none 
aselnone 
vsel,none 
type,21 
real,21 
mat, l 
larc,131,132,130,R lug 
a,70,71,122,121,131,1 3 2 ,1 3 3 

cm,a_gross,area 
asel,none 
wplane,,0,0,0,IR,0,0,0,0,L otc 
cyl4,kx(130),kz(130),R_thru 
wpstyle,defa 
cm,a_thru,area 
asel,a,area,,a_gross 
asba,a_gross,a_thru 
amesh, all 
csysl 
esel,s,type,,21 
allsel,below, elem 
*get,maxnode,node,,num,max 
ngen,2,maxnode,all,,,0,90,0 
egen,2,maxnode,all 
csys,0 
esel,s,type,,1l,21,10 
allsel,below,elem 
nummrg, node 
esel,s,type,,16,21,5 
allsel,below, elem 
nummrg,node

define arc 
define gross area 

! workplane definition 
define circular area of thru hole 
return to default workplane 

cylindrical coordinates 
select lug elements & nodes 

generate lug at 90 degrees 

cartesian coordinates 

merge lug nodes to shell nodes 

merge lug nodes to support ring nodes

! allsel 

/com merge nodes for material continuity

esel,s,type,,ll,12,1 
esel,a,type,,15 
nsle 
nurnmrg, node ! upper shell to weld to outer top cover plate

allsel

/com merge nodes to represent pin-welded connections 
/com (acceptable only for solid45, which has translational DOF only)

! cylindrical coordinates

esel, s,type,,11,13,2 
nsle 
nsel,r,loc,x,IR-.0l,IR+.0l 
nsel,r,loc,z,Litc-.01,Litc+.0l 
nummrg,node ! weld of inner cover plate to shell

esel,s,type,,ll,16,5 
nsle

csys, 1

AV- I OT A%1- 1U
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nsel,r,loc,x,IR-.01,IR+.01 
nsel,r,loc,z,L_ring-.01,L_ring+.01 
nummrg, node ! upp er (continuous) weld of support ring

nsel,s,loc,y, 0,90/26 
nsel,a, loc,y,5.9*90/26,7.1*90/26 
nsel,a,loc,y, 11.9*90/26,13.1*90/26 
nsel,a, loc, y, 18.9*90/26,20.1*90/26 
nsel,a,loc, y, 2 4 . 9 *90/ 2 6 , 2 6 *90/ 2 6 

nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,z,L_ring-Hring-.01,Lring-Hring+.01 
nummrg,node ! lower (intermittent) weld of support ring

! cartesian coordinatescsys, 0 
allsel

/com reflect quarter geometry to generate half model

*get,maxnode,node,,num,max 
nsym,x,maxnode, all 
esym,,maxnode,all 

*do, i, 11, 16, 1 
/gopr 
esel, s, type,,i 
nsle 
nummrg, node 

*enddo 

esel,s,type,,21 
nsle 
nummrg,node 
allsel 

/com define contact elements 
/com top end plates

!esel,s,type,,ll 
!nsle 
!cm, contll,node 

esel,s,type,,12 
nsle 
cm, contl2,node 

esels,type,,13 
nsle 
cm, contl3,node

get maximum node number 
reflect all nodes 
reflect all elements

merge nodes at line of symmetry (top shell components) 

merge nodes at line of symmetry (lifting lug nodes)

nodes of upper shell 

nodes of outer top cover plate 

I nodes of inner top cover plate

csysl ! cylindrical coordinates 
esel,s,type,,16 
nsle 
nsel,r,loc,z,L_ring-.01,L_ring+.01 
nsel,r,loc,x,IR-T_ring+.l,IR-.l 
cm,contl6,node I nodes of support ring at 
nsle 
nsel,r,loc,z,L_ring-.01,Lring+.01 
nsel,.r,loc,x,IR-T_ring-.l,IR-Tring+.l 
cm,contl6l,node ! nodes of support ring at 
csys,0 ! cartesian coordinates 

cmsel,s,contl3 
nsel,r,loc,z,L itc-.01,Litc+.01 
cm, targl3l2,node inner top cover plate to

plug chamfer 

inner radius

p surface nodes

A�-� CT A�-1 �JI PA•I•:

! ! 
!
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esel,s,type,,14 
nsle 
nsel,r,loc,z,Ltplug-.01,L_tplug+.Ol 
cm,targl4l3,node top shield plug top surface nodes 

csys,l ! cylindrical coordinates 

!esel,s,type,,14 
!nsle 
!nsel,r,locx, IR-.01,IR+.01 
!cm,targl4ll,node I top shield plug circumferential nodes 

esel,s,type,,14 
nsle 
nsel,r,loc,z,Lring-.01,Lring+.01 
nsel,r,loc,x,l0.5*IR/12,IR+.l I mesh dependent 
cm,targl4l6,node I support ring inner top surface nodes 

csys,0 I cartesian coordinates 

allsel 
type,20 
I real,201 

gcgen,contl2,targl3l2,1 ! generate contact elem btwn inner & outer 
real,202 
gcgen,contl3,targl4l3,1 ! generate contact elem btwn plug & inner pla 
I real,203 

gcgen,contll,targl4ll,l ! generate contact elem btwn plug and shell 
!real,204 
gcgen,contl6,targl4l6,1 I gen contact elem btwn support ring & plug 
gcgen,contl6l,targl4l6,1 I gen contact elem btwn support ring & plug 

/com compress node and element numbering 
allsel 
!numcmp,node 
!numcmp, elem 

/com specify symmetric boundary conditions 
nsel,s,loc,y,-.01,.0l 
d,all,uy,0 I symmetry about x-z plane 
allsel 

!nsel,s,loc,x,-.01,.01 
!d,all,ux,0 I symmetry about y-z plane (90 degree model 
!allsel 

/com end of shell boundary conditions 
nsel,s,loc,z,Hdsc/2 I shell now ends at mid-height 
d,all,uz 
nsel,r,loc,x,OR-.01,OR+.0l 
nsel,r,loc,y,0,.01 
d,all,ux 
allsel 

/com ux couple shield plug to support ring for stability (one locations) 
/com ********* valid only for temp & internal pressure loading ********** 

esel,s,type,,14,16,2 
nsle 
nsel,r,loc,x,IR-.01,IR+.0l 
nsel,r,loc,y,0,.01 
nsel,r,loc,z,Lring-.01,Lring+.0l 
cp, next,ux, all

plates 

te 

outer) 
inner)

only!)
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allsel

vclear, 12 
esel,s,type,,14 
edele, all 
esel,s,type,,20 
edele, all 
alls 

save 

fini 

/solution 

/com analysis parameters 
antype, static 
nroptauto 
neqit, 25 
pred,on,,on 
autots,on 
nlgeom 
eqslv, pcg, le-7

/com Temperature Case 7, -40 
/title, 24P-FO DSC (Top End) 
nsubst, 1,8 
csysl

deg Ambient 
Temperature Case 7, -40 deg Ambient

/com Define temps for DSC shell in active 
esel, s,type,,ll 
nsle 
nsel,r,loc, z,15.5,159.5 
*get,totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node, tnode, loc,x 
*get,ytdeg,node,tnode,loc,y 
*get, zt,node,tnode,loc, z 
yt=(180-ytdeg)*3.14156/180 
ntemp=-74.39*yt+379.6 
bf, tnode,temp,ntemp 
nsel,u,node,,tnode 

*enddo

fuel region

/com Define temps for DSC shell above active fuel region 
esel,s,type,,ll 
nsle 
nsel,r, loc, z,159.5,186.17 
*get,totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get, xt,node,tnode, loc,x 
*get, ytdeg,node, tnode,loc,y 
*get, zt,node,tnode, loc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=-5.39*zt+.93*yt*zt-221.1*yt+1239.2 
bf, tnode,temp, ntemp 
nsel,u,node,,tnode 

*enddo

I REVISION: 0

m

I
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/com Define temps for DSC Support Ring 
esel,s,type,,16 
nsle 
*get, totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node,tnode, loc,x 
*get,ytdeg,node, tnode, loc, y 
*get,zt,node,tnode, loc, z 
yt=(180-ytdeg)*3.14156/180 
ntemp=-5.39*zt+.93*yt*zt-221.1*yt+1239.2 
bf,tnode,temp,ntemp 
nsel,u,node,,tnode 

*enddo 

/com Define temps for Inner & Outer Cover Plates, and Weld 
esel,s,type,,12,15,1 
nsle 
*gettotnode,node,,count 
*DO, i,l,totnode, 1 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node, tnode, loc,x 
*get,ytdeg,node,tnode, loc,y 
*get,ztnode,tnode, loc, z 
yt=(180-ytdeg)*3.14156/180 
ntempl=-.1284*zt*xt+.0281*yt*zt*xt 
ntemp2=-6.7289*yt*xt+23.33*xt-l.15*zt+469.2 
ntemp=ntempl+ntemp2 
bf, tnode, temp,ntemp 
nsel,u, node,,tnode 

*enddo 

allsel 
csys,0 

lswrite end of load step 3 
save 

solve 
save 

/com Temperature Case 8, 100 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 8, 100 deg Ambient 
nsubst, 1,8 
csys, l 

/com Define temps for DSC shell in active fuel region 
esel, s,type,,ll 
nsle 
nsel, r,loc,z,15.5,159.5 
*get,totnode,node,,count 
*DO, i,l,totnode, l 

!/gopr 
tnode=node(0,0,0) 
*get,xt,node, tnode, loc,x 
*get,ytdeg,node,tnode, loc,y (f *get, zt,node, tnode, boc, z 

yt=(180-ytdeg)*3.14156/180 
ntemp=-60.05*yt+439.5 
bf,tnode, temp,ntemp 
nsel,u,node,,tnode
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*enddo 

LCj 

/com Define temps for DSC shell above active fuel region 
esels.type"ll 
nsle 
nselrlocz,159.5,186.17 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt=(180-ytdeg)*3.14156/180 
ntemp=-4.666*zt+.854*yt*zt-196.3*yt+1184 
bftnodetempntemp 
nselunode,,tnode 

*enddo 

/com Define temps for DSC Support Ring 
eselsltype,,16 
nsle 
*gettotnodenode,,count 
*DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 

yt=(180-ytdeg)*3.14156/180 
ntemp=-4.666*zt+.854*yt*zt-196.3*yt+1184 

getztnodetnodelocz 
bftnodetempntemp 
nselunode,,tnode 

*enddo 

/com Define temps for Inner & Outer Cover Plates, and Weld 

eselstype,,12,15,1 
nsle 
*gettotnodenode,,count 
DOiltotnodel 

!/gopr 
tnode=node(0,0,0) 
*getxtnodetnodelocx 
*getytdegnodetnodelocy 
*getztnodetnodelocz 
yt=(180-ytdeg)*3.14156/180 
ntempl=-.1077*zt*xt+.02588*yt*zt*xt 
ntemp2=-5.948*yt*xt+19.48*xt-1.113*zt+541.l 
ntem:p=ntempl+ntemp2 
bftnodetempntemp 
nselunode,,tnode 

*enddo 

allsel 
csys'0 

lswrite end of load step 4 

save 

solve 
save 

/com Temperature Case 15, -40 deg Ambient 

/title, 24P-FO DSC (Top End) Temperature Case 15, -40 deg Ambient
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nsubst, 1,8 
csys, 1 

/com read input from thermal results file 
Idread, temp, l,,, , t24therm, rth,d:\fo-dsc\newansys\top\ 

allsel 
csys,0 

lswrite end of load step 5 
save 

solve 
save 

/com Temperature Case 16, 104 deg Ambient 
/title, 24P-FO DSC (Top End) Temperature Case 16, 104 
nsubst, 1,8 
csysl 

/com read input from thermal results file 
ldread, temp, 2,,,, t24therm, rth, d:\fo-dsc\newansys\top\ 

allsel 
csys,0 

lswrite end of load step 6 
save 

solve 
save 

fini 

/exit 

/eof

deg Ambient

(IF
m

I

V

I IAurI:: mv•-] •O[/'V- I
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PT24PTH.inp 

/batch, list 
/ comr 
/com postprocessing input file for half (180 deg) model of DSC shell, top end 
/com thermal loads 
resume,t24pth, db 
/postl 
file,t24pth, rst 

/com element plots 
/show,pt24pth,pic,l plot to file 
/triad,lbot , triad in lower left corner 
/device,vector,l I vector plots 
/num,2 I numbers, no colors 
/vup,l,-x I x-axis down 
/view,,-0.2,-0.8,-0.5 
/type,l,4 , precise hidden 
esel,u,type,,20 unselect contact elements 
eplot plot elements 
/zoom,l,rect,0.03,0. 7 5,0. 9 4 ,-0. 7 9 

/show, off 1 discontinue plots to file 
/auto,l , zoom - fit 

csysl , cylindrical coordinate system 
dsys,l 
rsys,1 

*do,iset,l,7 I define steps to postprocess 

/go 
set,iset 

/com DSC Upper Shell Postl Results 
esels,type,,ll 
nsle 
nsel,r,loc,x,OR-.0l,OR+.0l 
nsel,r,loc,z,L_ring-H_ring-5,H dsc-.7 
cm, outer,node I-outer surface nodes 
nsle 
nsel,r,locx,IR-.0l,IR+.01 
nsel,r, loc, z, L_ring-Hring-5,H dsc-.7 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i, l,totnode, 1 

!/gopr 
inode=node(0,0,0) 
*get,xt,node, inode,loc,x 
*get,yt,node,inode, loc, y 
*get, zt,node, inode, loc, z 

cmsel,s,outer I select outer surface nodes 
onode=node(OR,yt,zt) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, ,ll 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner surface nodes 
nsel,u,node,,inode I unselect lpath nodes 
cm, reminner,node 

*enddo 
/com

I
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/com. shell adjacent to DSC end components 
*do,theta,0,180,90/

2 6  sections at 3.46 degree intervals 

esel,s,type,,ll 
nsle 
nsel,r, loc,y, theta-l,theta+l 
esln 
esel,r,type,,ll 
nsle 
*do,ix, IR+.21,OR-.19,OR-.19-(IR+.21) 

inode=node(IR,theta,Lotc-Ttw) 
onode=node(ix, theta, LCotc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*do,iz,L otc-.47/2,L otc-.47,-.4 7 /2 

inode=node(IR,theta,L_otc-Ttw) 
onode=node(OR, theta, iz) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
/comr 
/com shell at mid-height 

inode=node(IR, theta,H dsc/2) 
onode=node(OR, theta,Hdsc/2) 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 

*enddo theta loop

/com DSC Outer Top Cover Plate Postl Results--------
esel,s,type,,12 
nsle 
nsel,r,loc,z,L otc-.01,Lotc+.O0 
nsel,r,loc,xO, IR-0.8 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Litc-.01,L itc+.O1 
nsel,r,loc,x, 0,IR-0.4 
cm, reminner,node I inner surface nodes 
*gettotnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(O,0,L itc) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode, loc,y 
*get, zt,node, inode, loc, z 

cmsel,s,outer I select outer surface no 

onode=node(xt,yt,Lotc) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, ,12 

nsle 
nlist,inode, onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner I select remaining inner 

nsel,u,node,,inode ! unselect lpath nodes.  
cm, reminner,node 

*enddo 
/comr 
/com outer cover plate adjacent to DSC end components

des

surface nodes

%J
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*do,theta,0,180,90/26 I sec 
esel,s,type,,12 
nsle 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel, r, type,,12 
nsle 

inode=node(IR-.22,theta,185.17) 
onode=node(IR-.70,theta,L otc) 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
inode=node(IR,theta,L otc-T tw) 
onode=node(IR-.49,theta,L otc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo ' the

tions at 3.46 degree intervals 

ta loop

/com DSC Outer Top Cover Plate Weld Postl Results 
*do,theta,0,180,90/26 I sections at 3.46 degree intervals 

esel,s,type,,15 
nsle 
nsel,r, loc, y, theta-l,theta+l 
esln 
esel,r,type,,15 
nsle 
*do,ix,IR-.49,IR+.21, (.49+.21)/2 

inode=node(IR,theta,Lotc-Ttw) 
onode=node(ix,theta,L otc) 
nlist,inode,onode,onode-inode 
lpath, inode,onode 
prsect 

*enddo 
*enddo I theta loop

/com DSC Inner Top Cover Plat, 
esel,s,type,,13 
nsle 
nsel,r,loc,z,Litc-.01,Litc+ 
cm, outer,node 
nsle 
nsel,r,loc,z,L_tplug-.01,L_tp 
cm, reminner,node 
*gettotnode,node,,count 
*do, i,l,totnode, l 

!/gopr 
inode=node(0,0,L_tplug) 
*get,xt, node, inode, loc,x 
*get,yt,node, inode,loc,y 
*get,zt,node, inode,loc, z 
cmsels,outer 
onode=node(xt,yt, Litc) 
nsel, s,node,,inode 
nsel, a,node,,onode 
esln 
esel,r, type,,13 
nsle 
nlist, inode,onode,onode-in 
lpath, inode,onode 
prsect 
cmsel,s,reminner 
nsel,u,node,,inode 
cm, reminner,node

Results 

surface nodes 

surface nodes

select outer surface nodes 

.ode 

select remaining inner surface nodes 
unselect lpath nodes

11
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*enddo 

/com DSC Top Shield Plug Postl Results --- - -- - - - --- - -- --- -- 

esel,s,type,,14 
nsle 
nsel,r,loc,z,L_tplug-.01,Ltplug+.0l 
cm, outer,node outer surface nodes 
nsle 
nsel,r,loc,z,Lring-.01,L-ring+.0l 
cm, reminner,node inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,L ring) 
*get,xt,node,inode, loc,x 
*get,yt,node, inode, loc, y 
*get,zt,node, inode, loc, z 

cmsel,s,outer I select outer surface nodes 

onode=node(xt,yt,L tplug) 
nsel,s,node,,inode 
nsel,a,node,,onode 
esln 
nsle 
esln , select elem attached to nodes twice to capture 3 thru thickness 

esel,r,type,,14 
nsle 
nlist, inode,onode,onode-inode 
ipath, inode,onode 
prsect 
cmsel,s,reminner select remaining inner surface nodes 

nsel,u,node,,inode ! unselect ipath nodes 
cm, reminner, node 

*enddo 

/com DSC Support Ring Postl Results 

esel,s,type,,16 
nsle 
nsel,r,loc,z,Lring-.01,L_ring+.0l 
cm,outer,node outer surface nodes 
nsle 
nsel,r,loc, z,Lring-Hring-.01,Lring-Hring+.0l 
cm, reminner,node I inner surface nodes 
*get,totnode,node,,count 
*do, i,l,totnode,l 

!/gopr 
inode=node(0,0,Lring-H_ring) 
*get,xt,node, inode,loc,x 
*get,yt,node,inode, loc, y 
*get, zt,node,inode,loc, z 

cmsel,s,outer ! select outer surface nodes 

onode=node(xt, yt, Lring) 
nsel, s,node,,inode 
nsel,a,node,,onode 
esln 
esel, r, type, , 16 
nsle 
nlist, inode,onode,onode-inode 
lpath, inode,onode 
prsect 
cmsels,reminner select remaining inner surface nodes 

nsel,u,node,,inode ! unselect lpath nodes 
cm, reminner,node 

*enddo

I
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/com Nodal Forces for Weld of Outer Top Cover Plate 

esel,s,type,,12,15,3 
nsle 

nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lotc-Ttw-.01,Lotc-T tw+.Ol 
spoint,,.01,.0,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Inner Top Cover Plate 

/com 
/com top row of nodes (pinned weld) 
esel,s,type,,13 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,L itc-.01,Litc+.Ol 
spoint,,.01,.0,0 summation in cylindrical coordinate system 
nlist 
nforce 

/com Nodal Forces for Weld of Support Ring 
/comr 
/com top row of nodes (continuous weld) 
esel,s,type,,16 
nsle 
nsel,r,loc,x,IR-.01,IR+.Ol 
nsel,r,loc,z,Lring-.01,Lring+.Ol 
spoint,,.01,.01,0 summation in cylindrical coordinate system 
nlist 
nforce 
/comr 
/com bottom row of nodes (intermittent weld) 
nsle 
nsel,r,loc,x,IR-.1,IR+.l 
nsel,r, loc,z,L _ring-H ring-.l,L ring-H ring+.l 
spoint,,.01,.0,0 - ! summation in cylindrical coordinate system 
nlist 
nforce 

/com Reaction Forces at Shell Mid-Height 
nsel,s,loc,z,Hdsc/2-.l,H-dsc/2+.l 
nlist 
prrsol,fz 

allsel 

/com Stress Plots 
/num,O numbers and colors 
/device,vector,O raster plots 
ernorm, off 
dsys,0 
/show,file,,0 plot to file 

/dscale,,auto displacement scale 

/com all elements (excluding contact elements) 
esel,u,type,,20 I unselect contact elements 
/view,,-0.2,-0.8,0.5 
plnsol,bfe,temp plot temperature distribution 
plnsol,s,int,0 I plot stress intensity 
/zoom,l,rect,-O.02,0.60,0.9

3 ,-0. 8 6 

/auto,l zoom - fit 
/view,,-0.2,-0.8,-0.5 
/replot

I
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/zoom,l,rect,0.03,0.75,0. 9 4 ,-0. 7 9 

/auto,l ! zoom - fit

/dscale, , 1 ! displacement scale

/com shell elements 
esel,s,type,,ll 
nsle 
/view,,-0.2,-0.8,0.5 
plnsol,s,int,O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate elements 
esel, s,type,,12 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O I plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com outer cover plate weld elements 
esel,s,type,,15 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com inner cover plate elements 
esel,s,type,,13 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,sint, O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com shield plug elements 
esel,s, type,,14 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int,O ! plot stress intensity 
/view,,0.2,0.8,0.5 
/replot 

/com support ring elements 
esel,s,type,,16 
nsle 
/view,,-0.2,-0.8,-0.5 
plnsol,s,int, O plot stress intensity 
/view,,0.2,0.8,0.5 
/replot

dsys, 1 

*enddo 

allsel 

fini

! end load step loop

exit, nosave

/eof

REVISION:

I PIAU:
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