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1. Effective Date 09/26/23 

2. Does this ECAR involve a
Safety SSC (see def. LWP-10200)? YES 

3. Safety SSC Determination
Document ID TBD 

4. SSC ID TBD 

5. Project No. 33526 

6. Engineering Job (EJ) or
Engineering Change (EC) EC 1755 
No.

7. Building 720 

8. Site Area MFC 
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The purpose of this document is to provide the structural and seismic analyses for the MARVEL 
Reactor Support Frame which will comply to ANSI/AISC N690-18, Specification for Safety Related 
Steel Structures for Nuclear Facilities. 

10. If revision, please state the reason and list sections and/or page being affected.

11. Conclusion / Recommendations

All demand-to-capacities, per ANSI/AISC N690-18, Specification for Safety Related Steel Structures 
for Nuclear Facilities, are less than one (1) and are satisfactory. The Reactor Support Frame will 
provide sufficient support and spacing for the MARVEL reactor in the event of a seismic event 
detailed in SAR - 420 and postulated events described herein. 

Although temperatures were validated by analysis and incorporated conservatively, temperatures 
should be validated upon issuance of ECAR-6574 for higher fidelity and accuracy of this analysis. 
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1. PROJECT ROLES AND RESPONSIBILITIES
Project Role Name Organization Pages Covered (if applicable) 

Performer Mathew Floyd Walsh Engineering 
Services See DCR 704404 

Checkera Luke Andrew Walsh Engineering 
Services See DCR 704404 

Independent Reviewerb Ben Coryell U710 See DCR 704404 

CUI Reviewerc Mike Patterson C120 See DCR 704404 

Managerd Brandon Moon U022 See DCR 704404 

Requestoref Yasir Arafat C120 See DCR 704404 

Nuclear Safetyf Doug Gerstner H374 See DCR 704404 

Document Ownerf Brandon Moon U022 See DCR 704404 

Reviewerf Carl Bailey U720 See DCR 704404 

Responsibilities: 
a. Confirmation of completeness, mathematical accuracy, and correctness of data and

appropriateness of assumptions.
b. Concurrence of method or approach. See definition, LWP-10106.
c. Concurrence with the document’s markings in accordance with LWP-11202.
d. Concurrence of procedure compliance. Concurrence with method/approach and conclusion.
e. Authorizes the commencement of work of the engineering deliverable.
f. Concurrence with the document’s assumptions and input information. See definition of

Acceptance, LWP-10200.

NOTE: Delete or mark “N/A” for project roles not engaged. Include ALL personnel and their roles listed above in 
the DCR system. The list of the roles above is not all inclusive. If needed, the list can be extended or 
reduced. 
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2. SCOPE AND BRIEF DESCRIPTION
Idaho National Laboratory (INL) is developing a small microreactor to produce electrical power utilizing a small 
nuclear core and Stirling engines for power output under the Microreactor Application Research Validation and 
Evaluation (MARVEL) program.  The MARVEL Reactor will be installed in the Transient Reactor Test (TREAT) 
Facility.  Walsh Engineering Services, PC (WES) has contracted with the INL to support the completion of the 
final design.  There are six main systems in the MARVEL, one of which is the MARVEL Reactor System 
(MRS).  The MRS contains a subsystem – the Reactor Support Frame (RSF) – that supports and orients 
nearly all the MRS and the RSF will be bolted to the TREAT Facility.  The subject of this Engineering 
Calculations and Analysis Report (ECAR) is the frame weldment (see Figure 1), which is the only item that is 
contained in the RSF subsystem and will be called herein “RSF”.  

Figure 1:  Reactor Support Frame, Drawing 1014726 

The RSF has four legs and four mounting plates which are welded to the bottom of the frame.  Each mounting 
plate has four thru holes for mounting to the TREAT Facility mounting pad.  There will be insulation bolted onto 
the RSF to lower the temperatures that the RSF will experience by heat transfer from the Guard Vessel.  All 
load bearing welds are designed as partial joint penetration welds, as detailed in drawing 1014726.   
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3. DESIGN OR TECHNICAL PARAMETER INPUT AND SOURCES
The following inputs were included in the FEA (Appendix A & B) and limits (Appendix C). 

PHYSICAL GEOMETERY 
The physical geometry is shown in Figure 2 and in drawing 1014726.  The RSF is made from 5” x 5” x 0.375” 
hollow steel structure (HSS) square tube.  The structure is 89 inches tall and 71 inches wide by 71 inches 
deep.  The seating surface for the reactor equipment is shown in Figure 3.  For more information, refer to 
drawing 1014726. 

Figure 2:  RSF Dimensions (side view) 

Figure 3:  Nominal 1.625-inch Seating Surface of Guard Vessel and PCS onto RSF Beams (top view) 
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MATERIAL PROPERTIES 
As shown in drawing number 1014726, the material selected for the RSF is 316H stainless steel.  

TEMPERATURE LOADING 
Per Reference 3, the RSF will experience an approximate 200°F (93°C) temperature load on the seating 
surfaces from the Guard Vessel.  The temperature of the RSF floor plates is approximately room temperature 
(68°F).  Additionally, thermal convection was included in this analysis (see Appendix D) with an approximate 
bulk ambient temperature of 40°C (104°F, which is discussed in detail in Appendix D, section 1).   

LOADS APPLIED 
As shown in Figure 4, the RSF supports the guard vessel and the primary coolant system.  The outer shield 
seats on the TREAT pit floor and will not be included in this analysis; however, the guard vessel is shown 
herein for reference.   

Figure 4:  1.  RSF; 2.  Outer Shield; 3.  Guard Vessel; 4.  Primary Coolant System; 5.  Upper Confinement 
(conceptual), Sterling Engines, and other Supporting Equipment 
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The approximate weight of all the items that are supported by the RSF are shown in Figure 5.  The weight of 
the items supported by the RSF is the dominant load placed on the RSF.  However, the loading is multiplied by 
a seismic event as described in Reference 1.  The approximate weight being placed on the RSF is 16000 lbs. 
as shown in Figure 5.  As described in Appendix C, the load was increased by approximately 10% to total 
18,000 lbs., for any uncertainty in manufacturing and fabrication.  The center of gravity of the items being 
placed onto the RSF is approximately 11.18” below the seating surface on the top of the RSF as shown in 
Figure 5.   

Figure 5:  Center of Gravity Location (11.18” away from Guard Vessel seating surface) 
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4. RESULTS OF LITERATURE SEARCHES AND OTHER BACKGROUND DATA
N/A 

5. ASSUMPTIONS
The following assumptions were made: 

• Instead of loads being placed in a somewhat distributed manner on each of the 8 supporting members
of the RSF, the loading in the FEA model was concentrated to point loads onto the ends of the
supporting members, for conservatism.

• Although the max temperature that the RSF experiences is approximately 200°F (93°C, preliminary
results based on ECAR-6574 which is not yet issued), the max temperature utilized for allowables for
this analysis and Guard Vessel temperature boundary condition applied is 325°F (163°C) as well as
applied temperature onto the seating surfaces of the RSF.  Upon issuance of ECAR-6574, the thermal
boundary conditions shall be validated, and allowables/stresses validated if found above 325°F.

• Recommended NaK (Sodium Potassium Eutectic) coolant starting mass–160.7kg–was approximated
with ECAR-6586 which has not yet been issued, see conclusions/recommendations section.  The NaK
mass and fluid geometry was accounted for and was hidden for clarity in Figure 5 of this ECAR.

• Seismic loads included a 10% additional factor, a conservative weight loading of the fluid, and a “100%-
100%-100%” approach to the seismic loading; therefore, the scaling factor which increases loading
specifically for fluid damping (per ASCE 4) was inherently included in this analysis.

6. COMPUTER CODE VALIDATION
A. Computer type: Blackbird

B. Operating System and Version: Windows 10 Pro Build 19045.2486

C. Computer program name and revision: SolidWorks 2022 Service Pack 4.0

D. Inputs (may refer to an appendix):  See QT-WES-041, Reference 6.

E. Outputs (may refer to an appendix):   See QT-WES-041, Reference 6.

F. Evidence of, or reference to, computer program validation:  See QT-WES-041, Reference 6.

G. Bases supporting application of the computer program to the specific physical problem: SolidWorks is an
engineering-focused computer-aided design software, which includes finite element analysis capabilities
intended for analyzing a wide range of problems.

7. DISCUSSION/ANALYSIS
The RSF supports the entire weight of the MARVEL reactor (approximately 16,000 lbs.) and must be able to 
sustain that weight in all postulated accident scenarios and normal operations.   

The FEA for the RSF utilized beam elements to best reflect the geometry of the RSF.  The set up and results 
of the FEA are shown in Appendix A and B for structural and seismic, respectively.  The thermal analysis is 
presented in Appendix D.  
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Typically, each individual beam and connection joint is analyzed for its strength compared to the controlling 
code (N690-18 in this case).  However, all maximum values determined by FEA were treated as if they were 
placed on the same beam and connection joint, for conservatism.  Therefore, if the maximum valued stress, 
force, or moment are applied to all beams, welds and connection joints are satisfactory compared to N690-18 
then all beams will succeed in compliance to N690-18.  See Table 1 for a summary of the maximum value FEA 
results as well as allowable and demands to capacity from Appendices A, B, and C.  Demand-to-capacity is an 
inverse to the safety factor.  As shown in Table 1, all demand-to-capacities are less than one (1) and is 
therefore acceptable.  Additionally, reaction forces are shown in Appendices A and B.  The maximum reaction 
forces are summarized in Table 2.   

A tipping analysis was performed and is shown in Appendix E to ensure that in the event of an earthquake (as 
detailed in Reference 1) that there will be no tipping.  There is approximately a demand-to-capacity of 0.26 for 
tipping in a seismic event.   
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Table 1:  Demand-to-Capacity Summary 

Chapter Demand-to-Capacity 
Description 

Demand 
(ksi) 

Capacity 
(ksi) 

Demand-to-
Capacity† Reference 

D Tension, NLC 1.29 
13.94 

0.09 ANSI/AISC 360-16 
Chapter D, Equation D2-1 

D Tension, ELC 1.75 0.13 ANSI/AISC 360-16 
Chapter D, Equation D2-1 

E Compression, NLC 1.61 
9.70 

0.17 ANSI/AISC 360-16 
Chapter E, Equation E3-1 

E Compression, ELC 1.96 0.20 ANSI/AISC 360-16 
Chapter E, Equation E3-1 

F Flexure, NLC 37.0* 
138.9* 

0.27 ANSI/AISC 360-16 
Chapter F, Equation F7-1 

F Flexure, ELC 47.7* 0.34 ANSI/AISC 360-16 
Chapter F, Equation F7-1 

G Shear, NLC 0.66 
8.37 

0.08 ANSI/AISC 360-16 
Chapter G, Section G1 

G Shear, ELC 0.83 0.10 ANSI/AISC 360-16 
Chapter G, Section G1 

H Combined forces and 
Torsion, NLC 0.14 

8.40 
0.02 ANSI/AISC 360-16 

Chapter H, Equation H3-1 

H Combined forces and 
Torsion, ELC 0.27 0.03 ANSI/AISC 360-16 

Chapter H, Equation H3-1 

H Combined forces and 
Torsion, NLC 0.44† 

1.00† 
0.44 ANSI/AISC 360-16 

Chapter H, Equation H3-6 

H Combined forces and 
Torsion, ELC 0.56† 0.56 ANSI/AISC 360-16 

Chapter H, Equation H3-6 

J Connections, NLC 20.6 
360.3 

0.06 ANSI/AISC 360-16 
Chapter J, Section J2 

J Connections, ELC 30.4 0.08 ANSI/AISC 360-16 
Chapter J, Section J2 

J Weld strength, NLC 20.6‡ 
43.7‡ 

0.47 ANSI/AISC 360-16 
Chapter J, Equation J8-1 

J Weld strength, ELC 30.4‡ 0.70 ANSI/AISC 360-16 
Chapter J, Equation J8-1 

K HSS to HSS Connections, NLC 1.61 
7.53 

0.21 ANSI/AISC 360-16 
Chapter K, Equation K3-7 

K HSS to HSS Connections, ELC 1.94 0.26 ANSI/AISC 360-16 
Chapter K, Equation K3-7 

* Measured in kip-in.
†  Unitless.
‡  Measured in kip.
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Table 2: Max Resultant Reaction Forces 

ELC 

Reaction forces 
Selection set Units Sum X Sum Y Sum Z Resultant 
Entire Model lbf -8997.12 28367.20 6299.85 30419.30 

Reaction Moments 
Selection set Units Units Sum X Sum Y Sum Z Resultant 

Entire Model lbf-in 19371.00 0.1893 31169.40 36698.30 

NLC 

Reaction forces 
Selection set Units Sum X Sum Y Sum Z Resultant 
Entire Model lbf 0.0001 20600.70 0.0002 20600.70 

Reaction Moments 
Selection set Units Units Sum X Sum Y Sum Z Resultant 

Entire Model lbf-in 17.2823 0.0000 -17.2931 24.4485 

8. REFERENCES
1. ECAR-6601, Revision 0, “MARVEL Project Seismic Accelerations”, April 17th, 2023
2. ANSI/AISC 360-16, Specification for Structural Steel Buildings, July 7th, 2016
3. ECAR- 6574, MARVEL Guard Vessel System FEA and ASME Analysis
4. ANSI/AISC N690-18, Specification for Safety Related Steel Structures for Nuclear Facilities, June

28th, 2018
5. AISC Steel Design Guide 27, Structural Stainless Steel
6. QT-WES-041, SolidWorks Simulation Verification, June 14th, 2023

9. APPENDICES
Appendix A:  Structural Analysis Results Report 
Appendix B:  Seismic Analysis Results Report 
Appendix C:  ANSI - AISC N690-18 Compliance 
Appendix D:  Thermal Analysis 
Appendix E:  Tipping Analysis 
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Appendix A 

Structural Analysis Results Report 
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1935 International Way 
Idaho Falls, ID 83402 

Model Information 

Model name: RSF 
Current Configuration: Default<As Machined> 
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SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
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Simulation of RSF 2 
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Volume:0.00943 588m A 3 
Mass Oensity:8,030kg/mA3 

Mass:75. 7701 kg 
Weight:742. 547N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:460.892mm 

Volume:0.00206286m" 3 
Mass Oensity:8,030kg/mA3 

Mass: 16.5647kg 
Weight: 162. 3 3 SN 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:460.892mm 

Volume:0.00206286m" 3 
Mass Density:8,030kg/mA3 

Mass: 16.5647kg 
Weight: 162. 3 3 SN 

Section Standard•ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:184.15mm 

Volume:0.000824218m" 3 
Mass Density:8,030kg/m " 3 

Mass:6.61847kg 
Weight: 64. 861 N 

Section Standard-ansi inch/ Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:2, 108.2mm 

Volume:0.00943588mA3 
Mass Densit :8 030k Im" 3 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Oocum 
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Sep 5 12:45:02 2023 
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Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF.SLDPRT 
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eactor Design\Analysis 
Models\Reactor Stand\8· 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

~ ~~-~~" r;,,1 ~11. 

"II 
SolidBody 1 Z(Tube square 

TS5X5X0.375(Tube (square) 
TS5X5XO. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQ X .375 WALL(1 )[5]) Uniform 

,d,. ~ - C/S 

i:.? ~ ..... , .... ,.,~ I ..... ,_ ' " 

' SolidBody 13(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(AI tube (square) Beam -
5 SQX .375 WALL(1)[15]) Uniform • · C/S 

._,,, -.:.\. 1 _ _., ' '' · 
"ii 

SolidBody 14(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5XO. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQX .375 WALL(1)[16]) Uniform 

~~ 
C/S 

<El'~ ~ 11. 

' 
SolidBody 15(Tube square 

TS5X5X0.375(Tube (square) 
Beam -

TS5X5X0.375(Tube (square) 
Uniform TS6X6XO. 375 (Tube (square) 

C/S 
TS5X5X0.375(Al tube (square) 

5 SQ X .375 WALL(1 )[6]) 

P-

Mass:75. 7701 kg 
Weight:742.547N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.004475Sm•2 
Length: 1,676.4mm 

Volume:0.00750323m • 3 
Mass Density:8,030kg/m•3 

Mass: 60. 2509kg 
Weight: 590.459N 

Section Standard•ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.004475Sm • 2 
Length:649.507mm 

Volume:0.00290706m • 3 
Mass Density:8,030kg/m • 3 

Mass:23.3437kg 
Weight: 228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.004475Sm • 2 
Length:649.507mm 

Volume:0.00290706m• 3 
Mass Density:8,030kg/m• 3 

Mass:23.3437kg 
Weight: 228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.004475Sm • 2 
Length: 1,676.4mm 

Volume:0.00750323m· 3 
Mass Density:8,0JOkg/m • 3 

Mass: 60. 2509kg 
Weight: 590.459N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
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C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 16(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375 (Tube (square) 
TS6X6X0. 375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQ X .375 WALL(1 )[8]) Uniform 

C/S 

SolidBody 17(Tube square 
TS5X5X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 

Beam -TS6X6X0. 375 (Tube (square) 
Uniform TS5X5X0.375(Tube (square) 

C/S TS5X5X0. 375(Al tube (square) 
5 SQX .375 WALL(1)[19]) 

SolidBody 18(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQ X . 375 WALL(1 )[11 ]) Uniform 

C/S 

SolidBody 19(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0. 375 (Tube (square) 

TS5X5X0. 375(Al tube (square) Beam -
5 SQ X .375 WALL(1 )[4]) Uniform 

C/S 

P-

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length: 1,676.4mm 

Volume:0.00750323m A3 
Mass Density:8,030kg/mA3 

Mass: 60. 2509kg 
Weight: 590.459N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:184.15mm 

Volume:0.00082421 Sm· 3 
Mass Density:8,030kg/mA3 

Mass:6.61847kg 
Weight:64.861N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:649.507mm 

Volume:0.00290706mA 3 
Mass Density:8,030kg/m A 3 

Mass:23.3437kg 
Weight: 228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:2, 108.2mm 

Volume:0.00943588mA 3 
Mass Density:8,030kg/mA3 

Mass:75. 7701 kg 
Weight:742.547N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-
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C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 21 (Tube square 
TS5X5XO. 375 (Tube (square) 
TS5X5X0. 375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5XO. 375(Al tube (square) 
5 SQX .375 WALL(1)[14]) 

-~ -

SolidBody 24(Tube square 
TS5X5X0. 375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 

TS5X5XO. 375(Al tube (square) 
5 SQX .375 WALL(1)[18]) 

SolidBody 57(Tube (square) 
TS5X5XO. 375(Al tube (square) 

5 SQ X .375 WALL(1)[23)) 

SolidBody 59(Tube (square) 
TS5X5X0.375(Al tube (square) 

5 SQX .375 WALL(1)[21)) 

~ -
~ 

SolidBody 60(Tube (square) 
TS5X5XO. 375(Al tube (square) 

5 SQX .375 
WALL(Trim / Extend2) 

P-

Beam -
Uni form 

C/S 

Beam -
Uni form 

C/5 

Beam -
Uniform 

C/S 

Beam -
Uniform 

CIS 

Beam -
Uniform 

CIS 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0 .0044758m A2 
Length:649.507mm 

Volume:0.002 90706m A 3 
Mass Oensity:8,030kg/m A3 

Mass:23 .3437kg 
Weight: 228. 768N 

Section Standard-ansi inch/ Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA 2 
Length: 184. 15mm 

Volume:0.000824218mA 3 
Mass Density:8,030kg/m A3 

Mass:6.61847kg 
Weight:64.861N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0 .0044758mA2 
Length:2,482.Smm 

Volume:0 .0111224m A3 
Mass Density:8 ,030kg/m " 3 

Mass:89.3125kg 
Weight:875.262N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758m A2 
Length:2,482.Smm 

Volume:0.0111224m A3 
Mass Density:8,030kg/m A3 

Mass:89.3125kg 
Weight:875 . 262N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758m A2 
Length:2,482.Smm 

Volume:0.0111224m A3 
Mass Density:8,030kg/m A 3 

Mass:89.3125kg 
Weight:875.262N 

SOLID WORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5 / 2023 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 61 (Tube (square) 
TS5X5X0. 375(Al tube (square) 

5 SQ X . 375 WALL(1 )[12)) 

SolidBody 63(Trim/ Extend1 ) 

St d P U IV rooert1es 
Study name 

Analysis type 

Mesh type 

Solver type 

lnplane Effect: 

Soft Spring: 

Inertial Relief: 

Incompatible bonding options 

Large displacement 

Compute free body forces 

Result folder 

P-

Beam -
Uniform 

C/ S 

Beam -
Uniform 

C/S 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758m A2 
Length:460.892mm 

Volume:0 .00206 286m A 3 
Mass 0ensity:8,030kg/m A3 

Mass:16.5647kg 
Weight: 162. 3 3 5N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758mA2 
Length:2,482.Bmm 

Volume:0.0111224m " 3 
Mass Density:8,030kg/m A3 

Mass:89.3125kg 
Weight:875.262N 

NLC 

Static 

Beam Mesh 

Automatic 

Off 

Off 

Off 

Automatic 

Off 

On 

SOLIDWORKS document 

Mat Floyd 
9/5 / 2023 

C:\Users\mat. f loyd\0ocum 
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Reactor Support Frame Analysis 

Units 
Unit system: 

1935 International Way 
Idaho Falls, ID 83402 

Length/Displacement 

Temperature 

Angular velocity 

Pressure/Stress 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

SI (MKS) 

mm 

Kelvin 

Rad/sec 

N/m" 2 

Mat Floyd 
9/5/2023 

Simulation of RSF 9 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mat Floyd 
9/5/2023 

Material Pro erties 
Model Reference 

P-

Properties Components 

i-----.;.;N;.:;.a;.;.;m;.:;.ea...: .i-:;.;SA..:..=..24.:.:0;..;3;;.;1..:.6:..:.H _ _. SolidBody 1 (Tube square TS5X5X0.375(Tube 
Model type: Linear Elastic (square) TS5X5X0.375(Tube (square) 

1--------.;.;;.ls.;;..ot;.;..ro;;..i;..;.ic;;..._ ___ TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
Default failure Max von Mises tube (square) 5 SQ X .375 WALL(1 )[13])(RSF), 

>-----cr_it_e_ri_o_n_: -1--St_re_s_s ______ SolidBody 2(Tube square TS5X5X0.375(Tube 
Yield stren th: Tern de endent (square) TS5X5X0.375(Tube (square) 

1--T-en_s_il_e-st"""r-e'""'n ,<.;t"'"h""": +--Te"-m.;...i;_..;...de.;;.i;;...;;e-'n.;;..de"""n....;.t - TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
Elastic modulus: Tern de endent tube (square) 5 SQ X .375 WALL(1 )(1 ])(RSF) , 

Poisson's ratio: 0.31 SolidBody 3(Tube square TS5X5X0.375(Tube 
1---M- a_s_s -'de;...n"'"s..;.it..;....;: +--s """o-30_ k _/_m_' _3 __ (square) TS5X5X0.375(Tube (square) 

Thermal Temp dependent TS6X6X0.375(Tube (square) TS5X5X0.375(Tube 
expansion (square) TS5X5X0.375(Al tube (square) 5 SQ X 

coefficient: .375 WALL(1 )[17])(RSF), 
.___....:..;;;.;;;.;.;.:.:;.;..:..:..:..::....L..---------" SolidBody 4(Tube square TS5X5X0.375(Tube 

(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X . 375 WALL(1 )[7])(RSF), 
SolidBody 5(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[3])(RSF) , 
SolidBody 6(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[9))(RSF), 
SolidBody B(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[10))(RSF), 
SolidBody 9(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0. 375(Tube {square) TS5X5X0. 375(Tube 
(square) TS5X5X0.375(Al tube (square) 5 SQ X 
.375 WALL(1 )[20])(RSF), 
SolidBody 11 (Tube square TS5X5X0. 375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[2])(RSF), 
SolidBody 12(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[5))(RSF), 
SolidBody 13(Tube square TS5X5X0. 375(Tube 
(square) TS5X5X0.375(Tube (square) 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 10 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[1 S])(RSF), 
SolidBody 14(Tube square TS5X5X0.375(Tube 
(square) TSSX5X0.375(Tube (square) 
TS6X6X0.37S(Tube (square) TS5X5X0.37S(Al 
tube (square) 5 SQ X .375 WALL(1 )[16])(RSF), 
SolidBody 15(Tube square TS5X5X0.37S(Tube 
(square) TSSXSX0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[6])(RSF) , 
SolidBody 16(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.37S(Tube (square) TS5X5X0.37S(Al 
tube (square) 5 SQ X .375 WALL(1 )[8])(RSF), 
SolidBody 17(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0. 375(Tube (square) TS5X5X0. 375(Tube 
(square) TS5XSX0.375(Al tube (square) 5 SQ X 
.375 WALL(1)[19J)(RSF) , 
SolidBody 18(Tube square TS5X5X0.375(Tube 
(square) TSSX5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[11 ))(RSF), 
SolidBody 19(Tube square TS5X5X0.375(Tube 
(square) TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[4))(RSF), 
SolidBody 21 (Tube square TS5X5X0. 375(Tube 
(square) TSSX5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[14))(RSF), 
Solid Body 24(Tube square TS5X5X0. 375(Tube 
(square) TSSXSX0.375(Tube (square) 
TS6X6X0. 375(Tube (square) TS5X5X0. 375(Tube 
(square) TS5XSX0.375(Al tube (square) 5 SQ X 
.375 WALL(1 )[18J)(RSF) , 
SolidBody 57(Tube (square) TSSXSX0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[23])(RSF), 
Sol idBody 59(Tube (square) TS5X5X0. 375 (Al 
tube (square) 5 SQ X .375 WALL(1 )[21 ))(RSF), 
SolidBody 60(Tube (square) TS5XSX0.375(Al 
tube (square) 5 SQ X .375 
WALL(Trim/Extend2)(RSF), 
SolidBody 61 (Tube (square) TS5X5X0.375(Al 
tube (square) 5 SQ X .375 WALL(1 )[12))(RSF), 
SolidBody 63(Trim/Extend1 )(RSF) 

Simulation of RSF 11 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Curve Data: 

p. 

12£1.11>--~>--~-----~ 
74..Sl 35321 631.61 5'10.1>1 1.l8U1 

•• 
Elastic Modulus in X vs Temperature 
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Temperature 

Zti.00 · 

/ 
i"-00· ·•··· ·· ·· ·•·// 

t '"·l;z·········•·· ······ ·•·· ···· i 18.001•· .... .. .. , ... .. .... :· . . 

tG.00 ; : 

i : : 
aoo~~-+---+-~-+-~---< 

""·" "°·" .. ,,. ti67.06 
T~.-J',,ln,J 

•• 
Thermal Conductivi ty in X vs 

Temperature 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

G.oo--07~-->--~-----~ 
310.92 Sl:4.52 738.12 !lf)l.72 U 65.32 

,., 

Yield Strength vs Temperature 

.-.... · 
~OU - · -~,;..,.-~ --

"' ............. ~.,-:.·. t560.00·· ~= 
, /' . I......... . .. ,,,. 
J.,..,: / .. 

- j 
sooon / 
~oo.oo>-----~>--~--~ 

2.'"J-4.26 ... ,,, U 67.06 

., 

Specific Heat vs Temperature 
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1935 International Way 
Idaho Falls, ID 83402 

Loads and Fixtures 
Fixture name 

Fixed-1 

P-

Fixture Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Fixture Details 

Entities 4 Joint(s) 

T e: Fixed Geomet 

Simulation of RSF 13 
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Reactor Support Frame Analysis 

Load name 

Remote 
Load/Mass 

(Rigid 
connection )-1 

Gravity-1 

P-

1935 International Way 
Idaho Falls, ID 83402 

Load Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Load Details 

Connection 
T e: 

Coordinate 
S stem: 

Translation 
al 

Component 
s: 

Rotational 
Component 

s: 

Rigid 

Loading CG 

Reference 0 0 0 in 
coordinates 

Remote 18000 lb 
Mass: 

Mat Floyd 
9/5/2023 

Moment of 0,0,0,0,0,0 lb .in"2 
Inertia: 

Reference: To Plane 
Values: 0 0 -386.22 

Units: in/s"2 

Simulation of RSF 14 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh information ! Mesh type 

Mesh information - Details 
Total Nodes 

Total Elements 

Time to complete mesh(hh;mm;ss): 

Computer name: 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

I Beam Mesh 

1246 

1230 

00:00:02 

BLACKBIRD 

Mat Floyd 
9/5/2023 

Simulation of RSF 15 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh Control Information: 

Mesh Control Name 

Control-1 

Control-2 

P-

Mesh Control Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Mesh Control Details 

Entities: 8 Beam s 
Number of 50 
Elements: 

Entities: 8 Beam s) 
Number of 30 
Elements: 

Simulation of RSF 16 
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Reactor Support Frame Analysis 

p. 

1935 International Way 
Idaho Falls, ID 83402 

Control-3 

Control-4 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Entities: 4 Beam s) 
Number of 100 
Elements: 

Entities: 4 Beam s 
Number of 20 
Elements: 

Simulation of RSF 17 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Resultant Forces 

Reaction forces 
Selection set Units SumX 
Entire Model N -0.000976563 

Reaction Moments 
Selection set Units SumX 
Entire Model N.m -0.00146484 

Free bod forces 
Selection set Units SumX 
Entire Model N 0 

Free bod moments 
Selection set Units SumX 
Entire Model N.m 0 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

SumY Sum Z 
91,636.5 -0.000488281 

SumY Sum Z 
9.43001e-06 -0.000244141 

SumY Sum Z 
0 0 

SumY Sum Z 
0 0 

Mat Floyd 
9/5/2023 

Resultant 
91,636.5 

Resultant 
0.00148508 

Resultant 
0 

Resultant 
0 

Simulation of RSF 18 



TEM-10200-1, Rev. 12 
04/12/2021 ENGINEERING CALCULATIONS AND ANALYSIS ECAR-6584, Rev. 0 

Page 31 of 122 
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Beams 

Beam Forces 
Beam Name 

lle•m·49(Tube (square) 
TS5X5XO.J75( 1)(1 J]) 

Seam-50(Tube (squar-e) 
TS5X5X0.375(1 )[ 1)1 

B,eam-51(Tube (squarej 
TS5X5XO.J75( 1)[21 ]1 

Beam- 52(Tub• (square) 
TS5X5XO. J75( 1)[7]1 

Seam•5J(Tube (square) 
TSSXSX0.375 (1)13)1 

kam -54(Tub~ (squat@) 
TS5X5XO.J75(1)[9]1 

B.eam-56(Tube (squa.-e) 
TS5X5XO.J75( 1)[ 10]) 

lle•m•57(Tub• (squar,J 
TSSX5XO.J75( 1)[2•]1 

Beam-59(Tube (square1 
TS5X5XO.J75( 1)[21) 

Seam-60(Tube (square) 
TS5X5X0.375!1)[5]1 

Seam-61(Tube (square) 
TS5X5XO. 375 ( 1 )( 15]) 

P-

1935 International Way 
Idaho Falls, ID 83402 

Joints Axial/NI Shear11NI 

-
1 34,498.2 

0.000275186 

. 
2 34,498.2 

0.000275194 
1 720.396 2,845.63 

. 
2 

17 681 .5 
-2, 716.51 

3 18 239.2 2 716.51 
1 1 447 ·1 156.01 
2 ·1 447 1 156.01 
1 39 932.5 ·582 .594 

. 
2 38,776.5 

-864.403 

3 38,776.5 864.403 
1 720.367 -2,845.62 

. 
2 

17 681 .5 
2,716.51 

3 18 239.2 ·2 716.51 
-1 49,591 .5 870.961 

2 49,591 .5 -1,071.42 

1 49 ,591 .5 870.938 

. 
2 49 ,591 .5 

-1,071.4 

1 -1,447 -1 ,156.01 
2 1,447 1,156.01 

. 
1 6 340.13 

-3,009.2 

2 27,759.4 -2,730.37 

3 6,905.45 3,009.2 

1 38,776.5 864.404 
2 39,932.5 -582.594 

. 
3 39 932.5 582.594 

1 18 431 -0.160562 
-

2 18,230.6 0.0952311 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Shear ZIN I 

-3 ,068.87 

2,868.41 

2 845.6 

-2, 716.51 

2 716.51 
-18.8317 
-68.484 

-584.263 

-75.2881 

-220.242 
-2,845 .65 

2,716.51 

·2 716.51 

8.46706e-05 

-8.46633e-
05 

0.000127083 

0.000127098 
-18.8231 
-68.4927 

3,009.2 

2,730.4 

-3,009.2 

-75.2874 
288.736 

-584.266 

.7 312.18 

7,111.78 

Moment11N.ml 

-95.4428 

-1, 592. 38 

977.722 

-2 ,338.89 

-1 957.44 
-272.028 
265.88 

80.0876 

-338.1 89 

277.439 
-977.734 

2,338.89 

1 957.44 

2. 13453e-05 

2.67922e-05 

•1.50519e• 
05 

-5.72058e-
05 

272.03 
-265.88 

-2, 166.09 

921.937 

-2,658.84 

338.188 
445.96 

-80.0852 

2 403. 35 

3,394.2 

Moment2/N.ml 

-9.34513e-
05 

-6.30085e-
05 

-977.732 

2,338.89 

1 957.44 
-158.452 
-127.835 
249.156 

-357.534 

-367.009 
977.724 

·2,338.89 

-1 957.44 

-769.493 

217.324 

769.492 

-217.336 

158.452 
127.835 

-2, 166.09 

921. 928 

-2,658.84 

-357.534 
239.174 

249.156 

-0.0525814 

·0.0456413 

Mat Floyd 
9/5/2023 

TorouelN.ml 

-5.36464e-
05 

5.36464e-05 

8. 13777e-06 
-6.58422e-

07 
6. 58422e-07 

168.522 
-168.522 
·170.454 

-95.4271 

95.4271 
2.62456e-05 
-1 .23513e-

05 
1 . 23513e-05 

4. 71723e-05 

-4.71723e-
05 

4. 76953e-05 

-4.76954e· 
05 

168.523 
-168. 523 

1 . 38119e-06 

. 
0.000148246 

-1 .38119e-
06 

95.4257 
-170.454 

170.454 

9.53567e-05 
-9.53573e-

05 

Simulation of RSF 19 
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B-eam-62(Tube (square} 
TSSXSX0. 375( 1)(16]1 

Stiam,.6J(Tub(I (squar@, 
TSSXSX0.375 11)16]1 

B.eam-64(Tube (squarel 
TSSXSX0. 375( 1)181) 

&eam-65(Tu1Mi (squar.-J 
TS5X5XO.J75(1)[2J]) 

Seam•66(Tube (square) 
TSSXSX0.375 11)(11)1 

B,eam-67(Tube (squa.-e) 
TSSXSX0.375( 1)(4)1 

Seam•69(Tube (squa.-e) 
TSSXSX0.3751 1)( 1•]1 

Seam•72(Tube (squareJ 
TSSXSX0. 375( 1)(22]1 

Seam•81(Tube (square) 
TSSXSXO. 3 7511 )( 23 ] I 

kam-83(Tubto (squar@) 
TS5X5XO. J75( 1)[ 21]1 

BHm•84(Tubto (squarej 
TSSXSX0.375(1 )1 2•]1 

Seam-8S(Tube (square} 
TSSX5XO.J 75( 1)( 12]) 

Beom-87(Trlm/Extend 1 (1) I 

Beam Stresses 

1935 International Way 
Idaho Falls, ID 83402 

1 20,342.1 -0.195081 

. 
2 20,141 .6 0.11641 

1 38,776.5 -864.403 
. 

2 39,932.5 
-582 .593 

3 39 932.5 582 .593 
1 39,932.5 582 .594 

. 
2 38 776.5 

864.404 

3 38 776.5 -864.404 
1 1 447 1 156.01 
2 -1,447 -1 , 156 .01 

1 -18,431 -7,312.22 

2 18,230.6 7,111 .83 

1 27,759.4 2,730.39 

. 
2 

6 340.13 
3,009.2 

3 6,905.45 -3 009 .2 
1 20 141 .6 0.115202 
2 -20,342 -0.193873 
1 -1 447 1 156.01 
2 1 447 -1 156 .01 

. 
1 21 144.1 

-464.429 

2 20 386.1 -126.641 
1 20,386.1 410.058 
2 0 0 
1 20,386.1 410.058 
2 0 0 
1 34,498.2 0.00167513 

. 
2 34 498.2 

-0.001 67514 

. 
1 

21 144.1 
464.43 

2 20 386.1 126.64 

Bending 

8,869 -2 ,869. 52 

-8,668 .61 -4, 179.54 

-75.2903 338.189 

-584.27 -80.0841 

288.739 445.962 
-584.26 80.0883 

-75.2852 -338 .1 88 

-220.245 277.435 
-18.8258 -272.031 

-68.49 265.881 

0. 0001 18093 
0.000115331 

0.0001 18083 0.00021026 

·2,730.36 -921 .925 

-3,009.2 2, 166.09 

3,009 .2 2,658.84 
8 668.6 -4, 179.53 

-8,868.99 ·2,869.52 
· 18.8166 272.033 
-68.4991 -265.881 

-410.059 -429.067 

410.059 -688.841 
126.645 158.848 

0 0 
-126.644 -158.849 

0 0 
-3 ,068 .84 95.4334 

2,868 .38 1,592.37 

-410.058 -429.067 

410.058 -688.841 

-0.0627944 

-0.0564479 

357.534 

-249.155 

-239.174 
-249.156 

357.534 

367.009 
158.451 
127.835 

2,403.37 

3,394.22 

-921.934 

2,166.09 

2,658.84 
0.0552154 
0.063056 
·1 58.452 
-127.835 

301.552 

158.854 
688.843 

0 
688.842 

0 
0.000741015 

0.000211382 

-301. 553 

-158.855 

Mat Floyd 
9/5/2023 

. 
0.000242211 

0.000242212 

-95.427 

-170.454 

170.454 
170.454 

95.4258 

-95.4258 
·168.521 
168.521 

0.000102938 

. 
0.000102939 
-5.60447e-

07 
-4.94952e-

06 
4. 94952e-06 
0.000219421 
-0.00021942 

-1 68.522 
168.522 

-59.8566 

59.8573 
59.8579 

0 
-59.8574 

0 
-0.00013064 

0.00013064 

59.859 

-59.8597 

Bending Torsional Upper bound axial and 
Beam Name Joints Axial(H/m• 2) 

Dir1(H/m ' 2) Dir2(H/m' 2) (H/m ' 2\ bendin11(H/m ' 21 

Seam-49(Tube {square, 1 -584,872 0.572668 -0.299737 8.2926e+06 TS5X5X0. 37S(1 )(1 J ]) 7.70773e+06 

P-
SOLID WORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 20 
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Seam-50(Tube (square) 
TSSXSX0.37 51 1)(1 )) 

Seam1 51(Tube (square) 
TSSXSX0.3751 1)(21 ]I 

~am- 52(Tub@ (squareJ 
TS5X5X0.375(1)[7]) 

Seam•5J(Tube (square) 
TSSX5X0.375 11)(3)l 

Seam-54(Tube (square·) 
TS5X5X0.37511)(•]) 

Seam•56(Tube (square) 
TSSXSX0.37511)(10]) 

Beam-57(Tube (square) 
TSSXSX0.375(1)(2<]1 

B.eam -59(Tube (square} 
TSSX5X0.37511)(2)J 

Seam-60(Tube (square) 
TSSXSXO. 3 75 I I)( S)) 

Seam-61(Tube (square) 
TSSXSX0.37511)( 15)1 

Seam-62(Tube (square) 
TSSXSX0.37511)(16)1 

Se1'm-6J(Tube (square1 
TSSXSX0.375(1)(6)) 

B-eam-64(Tube (square·1 
TS5X5X0.375(1)(B)) 

Seam1 65(Tube (square} 
TSSXSX0.375(1)123)) 

P-

1935 International Way 
Idaho Falls, ID 83402 

. 
2 

7.70773e+06 
1 160 954 

. 
2 3. 95048e+06 

3 
4.07506e+06 

1 -323 294 
2 -323,294 
1 8.92188e+06 
2 8.6636e+06 
3 8.6636e+06 
1 160.947 

. 
2 

3. 95048e+06 
. 

3 
4.07506e+06 

. 
1 

1 . 10799e+07 

2 
1 . 10799e+07 

. 
1 

1 . 10799e+07 
. 

2 1 . 10799e+07 
1 -323 294 
2 -323 294 
1 1.41654e+06 
2 6.20212e+06 
3 1.54284e+06 
1 8.6636e+06 
2 8.92188e+06 
3 8. 92188e+06 

-
1 

4.11793e+06 

2 
4. 07316e+06 

1 -4.5449e+06 

2 
4. 50012e+06 

1 8.6636e+06 
2 8.92188e+06 
3 8. 92188e+06 
1 8. 92188e+06 
2 8.6636e+06 
3 8.6636e+06 
1 -323,294 
2 -323,294 

9.75807e+06 

5. 99147e+06 

·1.43327e+07 

1 . 19952e+07 

1.66699e+06 
1.62931e+06 

490 776 
2.07242e+06 
1. 70014e+06 
-5. 991 54e+06 

1.43327e+07 

-1.19952e+07 

0.130804 

-0.164183 

0.0922382 

-0.350557 

1.667e+06 
1.62931e+06 
1.32738e+07 
5.64962e+06 
-1.62933e+07 
2.07241e+06 
2.73284e+06 

490,761 

-1.47277e+07 

2.07996e+07 

1 . 75844e+07 

-2. 56121e+07 

2.07242e+06 
490,755 

2.73285e+06 
490,780 

2.07241e+06 
1 . 70012e+06 
1.667e+06 

1.62932e+06 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

-0.386115 

5.99153e+06 

-1.43327e+07 

1 . 19952e+07 

-970,991 
783,371 

·1.52682e+06 
• 2. 19096e+06 
2.24903e+06 
-5. 99148e+06 

1.43327e+07 

-1.19952e+07 

4 .71544e+06 

1 . 33176e+06 

4. 71544e+06 

1 . 33183e+06 

-970 991 
783 371 

-1 . 32738e+07 
-5.64956e+06 
1.62933e+07 
2.19097e+06 
-1.46566e+06 
1 . 52683e+06 

-322.218 

279 .689 

·384.804 

345 .912 

-2. 19096e+06 
-1 . 52682e+06 
1 .46565e+06 
1.52683e+06 
2.19097e+06 
-2.24903e+06 

970,989 
-783,370 

-0.299737 

0.0454679 

-0.00367878 

-0.00367879 

-941 ,580 
-941,580 
-952 373 
533 177 
533 177 

0.146641 

-0.06901 

-0.06901 

0.263594 

0.263594 

·0.266517 

-0.266517 

941 586 
941 586 

-0.00771708 
-0.828289 

-0.00771707 
533 ,170 
-952,374 
-952,374 

-0.532844 

-0.532848 

1.35345 

1.35346 

-533, 177 
952,372 
952,372 
952 375 
-533, 170 
-533,170 
941 ,573 
941 ,573 

Mat Floyd 
9/5/2023 

1. 7 4658e+07 

1.2144e+07 

3.26159e+07 

2.80654e+07 

2.96127e+06 
2. 73597e+06 
1.09395e+07 
1.2927e+07 
1.26128e+07 
1.2144e+07 

3.26159e+07 

2.80654e+07 

1. 57954e+07 

1.24117e+07 

1. 57954e+07 

1.24118e+07 

2. 96128e+06 
2. 73597e+06 
2. 79641 e+07 
1. 7501 3e+07 
3.41295e+07 
1.2927e+07 
1.31204e+07 
1.09395e+07 

1.8846e+07 

2.48731 e+07 

2.21297e+07 

3. 01126e+07 

1.2927e+07 
1.09395e+07 
1 . 31204e+07 
1.09395e+07 
1.2927e+07 

1.26127e+07 
2. 96128e+06 
2.73598e+06 

Simulation of RSF 21 
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&eam-66(Tube {square) 
TSSXSX0.375( 1)[ 11]1 

Beam~67(Tube (square) 
TSSXSX0.375(1)( 4)) 

Seam-69(Tube (square) 
TSSXSX0.375( 1)114]1 

Se~m-72(Tube (squarel 
TSSXSX0. 375(1 )122]) 

Seam•81(Tube (squate, 
TS5X5X0.375(1 )[ 23 ]1 

Seam•83(Tube (square) 
TSSXSX0.375(1)(21 ]I 

B-eam-84(Tube (square) 
TSSXSX0.375( 1)(2• ]1 

Lleam-85(Tube (square) 
TS5X5X0.375(1)( 12]1 

Beam-87(Trim/Extend1 [ 1]) 

P-

1935 International Way 
Idaho Falls, ID 83402 

. 
1 

4. 11793e+06 
. 

2 4. 07316e+06 
1 6.20212e+06 
2 1.41654e+06 
3 1.54284e+06 

1 
4. 50012e+06 

. 
2 4. 54489e+06 
1 -323 293 
2 -323 293 

-
1 

4. 72409e+06 
. 

2 
4. 5547 4e+06 

1 4. 5547 4e+06 
2 0 

. 
1 

4.55474e+06 
2 0 

. 
1 

7.70773e+06 

2 
7. 70773e+06 

. 
1 

4. 72409e+06 

2 
4.55474e+06 

-0.706744 

·1.28847 

-5 . 64954e+06 
-1.32738e+07 
1.62933e+07 

2.56121e+07 

-1 . 75844e+07 

1.66701e+06 
1.62932e+06 

•2.62932e+06 

4.22121e+06 

-973,422 

0 

973 ,422 

0 

-584,815 

9.75801e+06 

-2.62932e+06 

4.22121e+06 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

-1 .47278e+07 

2.07997e+07 

5.6496e+06 
1 . 32738e+07 
-1.62933e+07 

338.359 

-386.406 

970 990 
-783 371 

-1.84791e+06 

973,452 

4.22122e+06 

0 

4.22122e+06 

0 

4.54093 

· 1.29535 

1.84792e+06 

-973,462 

0.575143 

0.575146 

-0.00313137 
0.0276543 
0.0276543 

-1.2261 

·1 .2261 

-941 578 
-941 578 

-334,467 

-334,470 

-334,481 

0 

334,478 

0 

0 .730003 

0.730003 

334,449 

334,452 

Mat Floyd 
9/5/2023 

1.88458e+07 

2.48729e+07 

1. 75013e+07 
2. 79641 e+07 
3.41295e+07 

3.01126e+07 

2.21296e+07 

2.9613e+06 
2. 73598e+06 

9.20132e+06 

9.7494e+06 

9.74938e+06 

0 

9. 74938e+06 

0 

8.29254e+06 

1. 74657e+07 

9.20133e+06 

9. 74941 e+06 
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1935 International Way 
Idaho Falls, ID 83402 

Study Resu Its 

Name 
Tension -Compression 

Ma-del n ~m e : 11.Sf 
51:1.Jd}., Mme: NLC(• Oefautt<A!. t,t~chined >·) 
Plottyp~: Al:ial 1t rtu ~ / A) TtMic:tn·Comp,t u ion 
Drlo,miOori ~ul~: 10 

T e 
Axial P/A 

Min 
-1.61ksi 
Element: 267 

RSF-NLC-Stress-Tension-Com ression 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 
1.29ksi 
Element: 593 

Mat Floyd 
9/5/2023 

1l P/A (k1i) 

1.0D 

. 0.11 

• 0 ~2 

OH 

-0. 16 

-ll-.45 

-l>. 7-4 

-1.Q) 

-1.61 

Simulation of RS F 23 
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Reactor Support Frame Analysis 

Name 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear-Moment Plot1 

RSF-NLC-Shear-Moment Plot-Shear-Moment Plot1 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Mom e:nt 3:bo1Jt0ir1 (lbf.in) 

·22195 

·2!l594 

-36991 

Simulation of RSF 24 
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Reactor Support Frame Analysis 

Name 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear-Moment Plot2 

RSF-NLC-Shear-Moment Plot-Shear-Moment Plot2 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Moment about 0 1r2 (lbf.1n) 

• 8612 

3254 

• ·2103 

-7460 

·12818 

-18175 

-mn 

Simulation of RSF 25 
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Reactor Support Frame Analysis 

Name 
Shear 1 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear in DIR 1 

Min 
-0.22ksi 
Element: 370 

RSF-NLC-Stress-Shear 1 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 
0. 54ksi 
Element: 856 

Mat Floyd 
9/5/2023 

Sina r in DIR 1 (l::si) 

• 0.31 

0.14 

0.16 

0.08 

• 0.01 

-0,07 

-0.15 

-0,22 

Simulation of RSF 26 
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Reactor Support Frame Analysis 

Name 
Shear 2 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear in DIR 2 

Min 
·0.54ksi 
Element: 519 

RSF-NLC-Stress-Shear 2 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 

Mat Floyd 
9/5/2023 

0.66ksi 
Element: 556 

Shm in DIR 2 (ks i) 

0.66 

0.54 

0.41 

• 0.) 0 

_ 0.18 

0.06 

-0.06 

· 0. 18 

-0.30 

-0.42 

-0.54 

Simulation of RSF 27 
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Reactor Support Frame Analysis 

Name 
Torsional 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Torsional 

Min 
-0.14ksi 
Element: 419 

RSF-NLC-Stress-Torsional 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 
0.14ksi 
Element: 743 

Mat Floyd 
9/5/2023 

Torsion al (l::sij 

0,06 

0, 03 

0.00 

_ -0.03 

. -0.06 

-0.08 

-0,1 1 

-0.14 

Simulation of RSF 28 
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Reactor Support Frame Analysis 

Name 
Displacement 1 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
URES: Resultant Displacement 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Min 
0.OO0in 
Node: 39 

Max 
0.028in 
Node: 409 

Mat Floyd 
9/5/2023 

URES (in) 

0,1 00 

0,090 

, 0,080 

0,070 

0,060 

0.050 

0.040 

. 0.030 

0.020 

0.010 

0.000 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls , ID 83402 
Phone: 208.524.2286 
Fax: Fax: 208-522-4269 
https://www.walshengr.com/ 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Simulation of RSF 
Date: Tuesday, September 5, 2023 
Designer: Mat Floyd 
Study name: ELC 
Analysis type: Static 

Table of Contents 
Model Information ......... ... .. .. ................. 2 

Study Properties .. .. ... ... . .. . .. . .... . ... .. ... . . . .. . 8 

Units ........ ... ....................... . ......... ..... 9 

Materia l Properties .... ...... ..... ......... ....... 10 

Loads and Fixtures .. .. ..... .. .. . .... . ... .. . . . ... .. 14 

Mesh information .. .... . .. . . .... . ... . . .. .... ... ... . 16 

Resultant Forces ...... .. .......................... 19 

Beams . .. . .. ...... ... .. ... . .. .... ... .. ............. .. 20 

Study Result s .. .. .... ... .. . .... .. .... .. . .... .. .. ... 23 

Simulation of RSF 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Model Information 

Model name: RSF 
Current Configuration: Default<As Machined> 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Simulation of RSF 2 
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1935 International Way 
Idaho Falls, ID 83402 

Beam Bodies: 
Document Name and Formula 

Reference tion 

SolidBody 1 (Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQ X .375 WALL(1)(13]) Uniform 

t&! -~ 
C/ S 

.C.. l 'U ,;,. ._,,.,, 
'-' 11 

' 
SolidBody 2(Tube square 

TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQX .375 WALL(1)[1]) Uniform 

~-~ C/S 

~~·~;· 
,, '-' 11 

" 
SolidBody )(Tube square 

TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 

Beam -TS6X6X0.375(Tube (square) 
Uniform TS5X5X0.375(Tube (square) 

C/5 TS5X5X0.375(Al tube (square) 
5 SQX .375 WALL(1)(17]) 

SolidBody 4(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
T56X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQ X .375 WALL(1 )[7]) Uniform 

,£): ~ 
C/S 

-El'~ '"'-'l.'.11 

' 

P-

Properties 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m'2 
Length:460.892mm 

Volume:0.00206286mA 3 
Mass Density: 8, 030kg/m ' 3 

Mass: 16. 5647kg 
Weight:162.335N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0 .0044758m'2 
Length:2, 108.2mm 

Volume:0. 00943 588m ' 3 
Mass Density: 8, 030kg/m' 3 

Mass: 75. 7701 kg 
Weight:742. 547N 

Section Standard-ansi inch/Al Tube 
(square )/5 SQ x . 3 75 Wall 

Section Area: 0.0044758m ' 2 
Length:184.15mm 

Volume: 0. 00082421 Sm A 3 
Mass Density:8,030kg/m'3 

Mass:6.61847kg 
Weight:64.861 N 

Section Standard-ansi inch/Al Tube 
(square )/5 SQ x . 3 75 Wall 

Section Area: 0.0044758m ' 2 
Length:1,676.4mm 

Volume:0.00750323m ' 3 
Mass Density: 8, 030kg/m' 3 

Mass:60.2509kg 
Weight:590.459N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Document Path/Date 
Modified 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

Simulation of RSF 3 
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-
1935 International Way 
Idaho Falls, ID 83402 

SolidBody 5(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5XO. 375(Al tube (square) Beam · 
5 SQ X .375 WALL(1 )[3)) Uniform 

tl() :~ C/S 

<(r,:Jr.f/.: ""'-"-'ti 
...... 

SolidBody 6(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam · 
5 SQ X . 375 WALL( 1 )[9]) Uniform 

~ 
C/S 

"tr 
SolidBody S(Tube square 

TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam · 
5 SQ X .375 WALL(1)[10]) Uniform 

~ 
C/S 

~ 

SolidBody 9(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 

Beam -TS6X6X0.375(Tube (square) 
Uniform TS5X5X0.375(Tube (square) C/S 

T55X5X0.375(Al tube (square) 
5 SQ X . 375 WALL(1 )(20]) 

SolidBody 11 (Tube square 
TS5X5X0.375(Tube (square) 

Beam -
TS5X5X0.375(Tube (square) 

Uniform 
TS6X6X0.375(Tube (square) C/S 

TS5X5X0.375(Al tube (square) 
5 SQX .375 WALL(1H2ll 

P-

Section Standard-ansi inch/Al Tube 
(square )/5 SQ x . 3 75 Wall 

Section Area: 0 .0044758m "2 
Length:2, 108. 2mm 

Volume:0.00943588m " 3 
Mass Density:8,030kg/m "3 

Mass:75. 7701 kg 
Weight:742. 547N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m" 2 
Length:460.892mm 

Volume:0.00206286m " 3 
Mass Denslty:8,030kg/m"3 

Mass: 16. 5647kg 
Weight: 162. 335N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m" 2 
Length:460.892mm 

Volume:0.00206286m " 3 
Mass Density:8,030kg/m"3 

Mass: 16. 5647kg 
Weight: 162. 335N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m"2 
Length:184.15mm 

Volume:0.000824218m " 3 
Mass Density:8,030kg/m,. 3 

Mass:6.61847kg 
Weight:64.861 N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758m'2 
Length:2, 108.2mm 

Volume:0. 00943 588m" 3 
Mass Densitv:8 030kQ/m ,. 3 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF. SLDPRT 
Seo 5 12:45:02 2023 

Simulation of RSF 4 



TEM-10200-1, Rev. 12 
04/12/2021 ENGINEERING CALCULATIONS AND ANALYSIS ECAR-6584, Rev. 0 

Page 47 of 122 
Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

~ 
~ 

SolidBody 12(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TSSXSX0.375(Al tube (square) Beam -
5 SQX . 375 WALL(1)[5]) Uniform 

i1:~ C/S 

" ' " -~ -· LI '-~1 

' SolidBody 13(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(AI tube (square) Beam -
5 SQ X .375 WALL(1)[15]) Uniform 

~ 
CIS 

" '" - ·~"-""-.1 '-~1 

'-ti 
SolidBody 14(Tube square 

TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) Beam -
5 SQX .375 WALL(1)[16]) Uniform 

~ 
C/S 

"ti 

SolidBody 1 S(Tube square 
TS5X5X0.375(Tube (square) 

Beam -
TS5X5X0.375(Tube (square) 

Uniform 
TS6X6X0.375(Tube (square) 

C/5 
TS5X5X0.375(Al tube (square) 

5 SQX .375 WALL(1)[6]) 

P-

Mass:75.7701kg 
Weight:742. 547N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m"2 
Length:1,676.4mm 

Volume:0.00750323m" 3 
Mass Density:8,030kg/m"3 

Mass:60. 2509kg 
Weight:590.459N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m"2 
Length:649. 507mm 

Volume:0.00290706m" 3 
Mass Density:8,030kg/m" 3 

Mass:23.3437kg 
Weight:228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m'2 
Length: 649. 507mm 

Volume:0.00290706m" 3 
Mass Density: 8, 030kg/m' 3 

Mass:23.3437kg 
Weight:228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0.0044758m" 2 
Length:1,676.4mm 

Volume:0.00750323m" 3 
Mass Density:8,030kg/m" 3 

Mass:60.2509kg 
Weight:590.459N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

Simulation of RSF 5 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 16(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) 
5 SQ X . 375 WALL( 1 )[8]) 

SolidBody 17(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) 
5 SQX .375 WALL(1)[19]) 

SolidBody 18(Tube square 
TSSXSX0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) 
5 SQX .375 WALL(1)[11]) 

SolidBody 19(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375(Al tube (square) 
5 SQX .375 WALL(1)[4]) 

P-

Beam -
Uniform 

C/S 

Beam -
Uniform 

C/S 

Beam -
Uniform 

C/S 

Beam -
Uniform 

C/S 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0 .0044758mA2 
Length:1,676.4mm 

Volume:0.00750323m" 3 
Mass Density:8,030kg/m"3 

Mass:60. 2509kg 
Weight:590.459N 

Section Standard-ans! inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m"2 
Length: 184.15mm 

Volume: O. 00082421 Sm" 3 
Mass Density:8,030kg/m"3 

Mass:6.61847kg 
Weight:64.861 N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0 .0044758m"2 
Length: 649. 507mm 

Volume:0.00290706m" 3 
Mass Density: 8, 030kg/m' 3 

Mass:23.3437kg 
Weight:228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m"2 
Length:2, 108.2mm 

Volume:O. 00943 588m" 3 
Mass Density:8,030kg/m"3 

Mass: 75. 7701 kg 
Weight:742. 547N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\POMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF. SLOPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

Simulation of RSF 6 
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-

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 21 (Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0. 375 (Al tube (square) Beam · 
5 SQ X .375 WALL(1}[14] ) Uniform 

t£) :~ C/S 

<(r,:Jr.f/.: """-'l:11 

...... 

SolidBody 23(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0.375 (Al tube (square) Beam · 
5 SQ X .375 WALL(1)[12]) Uniform 

~ 
C/S 

"tr 

SolidBody 24(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 

Beam -TS6X6X0.375(Tube (square) 
Uniform TS5X5X0.375(Tube (square) 

C/ S TS5X5X0.375(Al tube (square) 
5 SQ X .375 WALL(1)[18] ) 

SolidBody 42(Tube (square) 
TS5X5X0.375(Al tube (square) 

5 SQ X .375 WALL(1 )(23]) 
Beam -

"" ~ Uniform . . . 
C/S 

.EJ~~ '-" 
" 

SolidBody 43{Tube {square) Beam -
TS5X5X0.375 (Al tube {square) 

Uniform 
5 SQX .375 

C/S WALL(Trim/Extend2) 

P-

Section Standard-ansi inch/Al Tube 
(square )/5 SQ x . 3 75 Wall 

Section Area: 0.0044758m"2 
Length: 649. 507mm 

Volume:0.00290706m " 3 
Mass Density:8,030kg/m " 3 

Mass:23.3437kg 
Weight:228. 768N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m" 2 
Length:460.892mm 

Volume:0.00206286m " 3 
Mass Denslty:8,030kg/m"3 

Mass: 16. 5647kg 
Weight: 162. 335N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0 .0044758m" 2 
Length: 184.15mm 

Volume: 0. 00082421 Sm " 3 
Mass Density:8,030kg/m" 3 

Mass:6.61847kg 
Weight:64.861 N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758m" 2 
Length:2,482.Smm 

Volume:0.0111224m" 3 
Mass Density:8,030kg/m " 3 

Mass: 89. 3125kg 
Weight:875.262N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQ x .375 Wall 

Section Area: 0 .0044758m" 2 
Length:2,482.Smm 

Volume:0.0111224m " 3 
Mass Density:8,030kg/m" 3 

Mass: 89. 3125kg 
Weight:875.262N 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

Simulation of RSF 7 
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1935 International Way 
Idaho Falls, ID 83402 

SolidBody 44(Tube (square) 
TS5X5X0.375(Al tube (square) 

5 SQX .375 WALL(1)[21]) 

SolidBody 45(Trim/Extend1) 

St d P U 1y ropert1es 
Study name 

Analysis type 

Mesh type 

Solver type 

lnplane Effect: 

Soft Spring: 

Inertial Relief: 

Beam -
Uniform 

C/S 

Beam -
Uniform 

C/S 

Incompatible bonding options 

Large displacement 

Compute free body forces 

Result folder 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758mA2 
Length:2,482.8mm 

Volume:0.0111224mA 3 
Mass Density:8,030kg/mA3 

Mass: 89. 3125kg 
Weight:875. 262N 

Section Standard-ansi inch/Al Tube 
(square)/5 SQx .375 Wall 

Section Area: 0.0044758mA2 
Length:2,482.8mm 

Volume:0.0111224mA 3 
Mass Density:8,030kg/mA3 

Mass: 89. 3125kg 
Weight:875. 262N 

ELC 

Static 

Beam Mesh 

Automatic 

Off 

Off 

Off 

Automatic 

Off 

On 

SOLIDWORKS document 

Mat Floyd 
9/5/2023 

C:\Users\mat.floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8· 

14-23\RSF.SLDPRT 
Sep 5 12:45:02 2023 

(C: \Users\mat. floyd\Documents\PDMVault\MARVEL \Reactor 
Desi1m\Analvsis Models\Reactor Stand\8-14-23 I 

Analyzed with SOLIDWORKS Simulation Simulation of RSF 8 
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Reactor Support Frame Analysis 

Units 
Unit system: 

1935 International Way 
Idaho Falls, ID 83402 

Length/Displacement 

Temperature 

Angular velocity 

Pressure/Stress 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

SI (MKS) 

mm 

Kelvin 

Rad/sec 

N/m" 2 

Mat Floyd 
9/5/2023 

Simulation of RSF 9 
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1935 International Way 
Idaho Falls, ID 83402 

Material Pro erties 
Model Reference Properties 

Name: SA 240 316H 
Model type: Linear Elastic 

lsotro ic 
Default failure Max von 

criterion: Mises Stress 
Yield strength: Temp 

de endent 
Tensile strength : Temp 

de endent 
Elastic modulus: Temp 

de endent 
Poisson's ratio: 0.31 

Mass density: 8,030 
k /m ' 3 

Thermal expansion Temp 
coefficient: de endent 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Components 

SolidBody 1 (Tube square 
TS5X5X0.375(Tube (square) 

Mat Floyd 
9/5/2023 

TS5X5X0. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[13] )(RSF) , 
SolidBody 2(Tube square 
TS5X5X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[1 ))(RSF), 
SolidBody 3(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[17])(RSF) , 
SolidBody 4(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0. 375 (Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[7])(RSF), 
SolidBody 5(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[3))(RSF), 
SolidBody 6(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[9))(RSF), 
SolidBody 8(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[10])(RSF), 
SolidBody 9(Tube square 
TS5X5X0.375(Tube (square) 

Simulation of RSF 10 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

TS5X5X0.375(Tube (square) 
TS6X6X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 

Mat Floyd 
9/5/2023 

TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[Z0])(RSF) , 
Sol id Body 11 (Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375 (Tube (square) 
TS6X6X0. 375 (Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[Z))(RSF), 
Sol id Body 1 Z(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQX .375 
WALL(1 )[5))(RSF), 
SolidBody 13(Tube square 
T55X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[15])(RSF), 
SolidBody 14(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
T56X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[16])(RSF), 
SolidBody 15(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375 (Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[6])(RSF), 
SolidBody 16(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0. 375 (Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[8))(RSF), 
SolidBody 17(Tube square 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[19))(RSF) , 
SolidBody 18(Tube square 
TS5X5X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 

Simulation of RSF 11 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

TS6X6X0.375(Tube (square) 

Mat Floyd 
9/5/2023 

TS5X5X0.375 (Al tube (square) 5 SQ X .375 
WALL(1 )[11])(RSF), 
SolidBody 19(Tube square 
T55X5X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQX .375 
WALL(1 )[4])(RSF), 
SolidBody 21 (Tube square 
TS5X5X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 
T56X6X0.375(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQX .375 
WALL(1 )[14])(RSF) , 
SolidBody 23(Tube square 
TS5X5X0. 375 (Tube (square) 
TS5X5X0.375(Tube (square) 
T56X6X0.375 (Tube (square) 
TS5X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[12] )(RSF) , 
SolidBody 24(Tube square 
TS5X5X0. 375 (Tube (square) 
T55X5X0. 375(Tube (square) 
T56X6X0.375 (Tube (square) 
T55X5X0.375(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQ X .375 
WALL(1 )[18])(RSF) , 
SolidBody 42(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQ X .375 
WALL( 1 )[23] )(RSF) , 
SolidBody 43(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQ X .375 
WALL(Trim /Extend2)(RSF) , 
SolidBody 44(Tube (square) 
T55X5X0.375(Al tube (square) 5 SQX .375 
WALL(1 )[21] )(RSF) , 
SolidBody 45(Trim / Extend 1 )(RSF) 

Simulation of RSF 12 
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1935 International Way 
Idaho Falls, ID 83402 

Curve Data: 

p. 

12£1.11>--~>--~-----~ 
74..Sl 35321 631.61 5'10.1>1 1.l8U1 

•• 
Elastic Modulus in X vs Temperature 

T11t!1mal Eqnur.iiun Cuelt in X 11s T t'mpt!n1\urt1 

f Z.10lh 
/'.'-

, 2.vl}-05 

i ...... 
. 7· ·r 

....... /.✓ • ..•.• [.\ 

/ 

(u~ ·~./ -
~l.7{11Y.. . ., 

~ 100-0, / 

150-05>--------~--~ ,..,. S12.•6- 731166 "M-!! .&5 1.167.06 

, .. 
Thermal Expansion Coeff. in X vs 

Temperature 

6.0ll•D!-

100-0,>--~--~-----~ 
311J..92 521.5,2 7J8.12 9'51.72 U 65.l2 

Tensile Strength in X vs 
Temperature 

Zti.00 · 

/ 
i"-00· ·•··· ·· ·· ·•·// 

t '"·l;z·········•·· ······ ·•·· ···· i 18.001•· .... .. .. , ... .. .... :· . . 

tG.00 ; : 

i : : 
aoo~~-+---+-~-+-~---< 

""·" "°·" .. ,,. ti67.06 
T~.-J',,ln,J 

•• 
Thermal Conductivi ty in X vs 

Temperature 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

G.oo--07~-->--~-----~ 
310.92 Sl:4.52 738.12 !lf)l.72 U 65.32 

,., 

Yield Strength vs Temperature 

.-.... · 
~OU - · -~,;..,.-~ --

"' ............. ~.,-:.·. t560.00·· ~= 
, /' . I......... . .. ,,,. 
J.,..,: / .. 

- j 
sooon / 
~oo.oo>-----~>--~--~ 

2.'"J-4.26 ... ,,, U 67.06 

., 

Specific Heat vs Temperature 

Simulation of RSF 13 
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1935 International Way 
Idaho Falls, ID 83402 

Loads and Fixtures 
Fixture name 

Fixed-1 

P-

Fixture Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Fixture Details 

Type: Fixed 
Geomet 

Simulation of RSF 14 
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Reactor Support Frame Analysis 

Load name 

Remote 
Load/Mass 

(Rigid 
connection)-1 

Gravity-1 

P-

1935 International Way 
Idaho Falls, ID 83402 

Load Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5 / 2023 

Load Details 

Translational 
Com onents: 

Rotational 
Com onents: 

Reference 
coordinates: 

Remote Mass: 

Ri id 
Loadin CG 
--- ,---, ---

.... , .... , ..... 

0 0 0 in 

18000 lb 
Moment of Inertia: 0,0,0,0,0,0 

lb. in A2 

Reference: 
Values: 

Units: 

10 de lane 
531 .826 145.605 
-145.605 
in/s"2 

Simulation of RSF 15 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh information ! Mesh type 

Mesh information - Details 
Total Nodes 

Total Elements 

Time to complete mesh(hh;mm;ss): 

Computer name: 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

I Beam Mesh 

1164 

1148 

00:00:02 

BLACKBIRD 

Mat Floyd 
9/5/2023 

Simulation of RSF 16 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh Control Information: 

Mesh Control Name 

Control-1 

Control-2 

P-

Mesh Control Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Mesh Control Details 

Entities: 8 Beam s 
Number of 50 
Elements: 

Entities: 8 Beam (s) 
Number of 30 
Elements: 

Simulation of RSF 17 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

Control-3 

Control-4 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

' 

Mat Floyd 
9/5/2023 

Entities: 4 Beam (s) 
Number of 80 
Elements: 

Entitles: 4 Beam (s) 
Number of 20 
Elements: 

Simulation of RSF 18 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Resultant Forces 

Reaction forces 
Selection set Units Sum X 
Entire Model N -40,021.2 

Reaction Moments 
Selection set Units SumX 
Enti re Model N.m 2,186.52 

Free bod forces 
Selection set Units SumX 
Enti re Model N 0 

Free bod moments 
Selection set Units SumX 
Enti re Model N.m 0 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Sum Y Sum Z 
126,184 28,023.1 

SumY Sum Z 
-0.00244522 3,523.8 

SumY Sum Z 
0 0 

SumY Sum Z 
0 0 

Mat Floyd 
9/5/2023 

Resultant 
135,312 

Resultant 
4,147.05 

Resultant 
0 

Resultant 
0 

Simulation of RSF 19 
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1935 International Way 
Idaho Falls, ID 83402 

Beams 

Beam Forces 
Beam Name Joints AxtaUNl 

1 -30,290.6 
8eam-49(Tube (square) TS5X5X0.375( 1)[ 13]) 

2 30,309.2 
1 -6 712.16 

Beam-S0(Tub• (square) TSSXSX0. 375( 1 )[ 1] I 2 -29 054. 9 
3 29 822.7 
1 1,154.91 

Seam-5 1 (Tube (square) TS5X5X0.375( 1)[21J) 
2 · 1,116.78 
1 53 959 .8 

Beam-52(Tub• (squaro) TSSXSX0.375(1)[7]1 2 -47 884.5 
3 48 013.6 
1 739.134 

Beam-53(Tub• (squaro) TSSX5X0.375( 1)[3]1 2 -21 106. 3 
3 21 874.1 
1 -39 529. 3 

Beam-54(Tube (square) TS5X5XO.J75(1)[9]) 
2 39 634.5 
1 60 195.2 

Beam-56(Tube (square) TS5X5X0.375( 1 )[10 ]) 
2 -60 090 
1 -1 188. 59 

Beam-57(Tube l>Quaro) TS5X5X0.375( 1 )[2•]1 
2 1,161 .88 
1 5,069.6 

Bea m•59(Tubo (square ) TSSXSX0.375( 1)[2] 1 2 20,828 
3 -4,291 .15 
1 30,034.3 

Beam-60(Tubo (square) TS5XSX0.375(1)[5]1 2 26,675.6 
3 -26,546.5 
1 22,591 

Beam-61 (Tube (>Quart) TS5X5X0. 375 C 1 )[15] I 
2 -22,209.8 
1 24,360.6 

Beam-62(Tub• (squar•J TS5X5X0.375 (1 )[16 ]I 
2 -24,066 
1 47,825.2 

Beam-63(Tube (square) TS5X5X0.375(1)[6]l 2 -53, 194.8 
3 53,104.4 
1 27 ,311.5 

Beam-64(Tube (square) TS5X5X0.375( 1)(8]l 2 -30,093.6 
3 30,003 .2 
1 1,666.89 

Beam-65(Tub• (squar•) TSSXSX0.375 (1 )[23 ]1 
2 ·1,693.6 
1 -20,436.6 

Beam•66(Tub• (squaro) TS5X5X0,375 (1)[11 ]I 
2 20,265.9 
1 32,549.6 

8eam•67(Tube (square) TS5X5X0. 375(1)[4] ) 
2 -7 044.38 

P-

Shear11Nl 

-2,125 .53 
2,020.28 
1 842.18 
-2,834.54 
2 591.01 
2,574.63 
·2,601 .33 
-407.407 
-1 466.65 
1 376.55 
-3 817.01 
3 682.29 
-3 925 .82 
-4 219.97 
3 943.94 
1 330.29 
-1 606.32 
3 191. 5 

-3 ,229.63 
-4,279.79 
-3 ,583.48 
4,032.89 
276.86 

-794.638 
704.111 
100.336 
-74.1656 
1,036.25 
-887.526 
-1,457.52 
-539.043 
410.276 
572.481 
285. 997 
-415.237 
5,778.96 
-5,817.09 
-10,772.6 
10,391.5 
2,157.57 
2 855.41 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Shear21Nl 

-6 705.27 
6,429.24 
1 819.81 
-3,025.27 
2 854.74 
2 586. 58 
-2,706.81 
-900. 563 
-405.288 
· 1.65732 
-3 839.4 
3 491 .56 
-3 662.09 
-64.2181 
45.6594 
-64.2151 
45.6563 
2 134. 52 
-2 ,254.76 
3,110.08 
2,718 .85 
-3 ,282.96 
-1, 136.39 
1,525 .31 
-1,932.26 
-7, 915 . 98 
7,745.24 
10,776 

-10,518.6 
-185.881 
-667.91 
260.964 
-2,164.9 
-1 ,355.8 
948.854 
371 .726 
-491 .96 
-100.51 
74.2695 
-3 022.2 

-4,025.12 

Moment11N.ml 

-608.956 
·3 124.85 
621.974 

-2 679.74 
-1,970.07 
-1 179 .25 
523.794 
214.708 
-293 . 524 
462.686 

-1 122.88 
3 018.54 
2 638.43 
-9.83887 
-21.3965 
9.83826 
21 .3954 
1 034.74 
-491.234 
-2,175 .39 
1,052.21 
-2,949.89 
296.882 
1,123.24 
325.822 
2,822.82 
3,472.04 
-3 ,452.81 
-5, 106.34 
380.104 
-255.838 
645.131 
-366.949 
-210. 302 
1,176 .1 8 
-438.688 
331.742 
14.8949 
-85.1455 
-741.485 
2 879.28 

Moment21N.m\ 

440.188 
738.363 
-726.728 
2 556.83 
1 733.59 
509.038 
131.876 
124.038 
-533.272 
-658.313 
1 018.12 
-3 141.44 
-2 874.91 
-228.504 
2 549.29 
917.265 
-82.4598 
-602.932 
-192 .163 
-3 ,108.29 
899.183 

-3 ,555.96 
-186.983 
275.193 
352 .933 
-14. 9566 
85.0986 
61.1707 
712.076 
520.07 
-168.54 

-229.319 
-308.435 
200. 186 
93.7008 
957.27 
478.61 

3,155.02 
5,351.67 
-894.51 
1 946.38 

Mat Floyd 
9/5/2023 

TorauelN.ml 

104.704 
·104.704 
3.36431 
-2.65804 
2.65804 
100.941 
-100.941 
-247.674 
-84.0693 
84.0671 
-3.36392 
2.65788 
-2.65788 
·14.2757 
14.2757 
-14.2757 
14.2757 
44.3875 
-44.3875 
48.0352 
41. 3435 
-48.0352 
260.193 
-231 .039 
231 .041 
-23 .4193 
23.4194 
65.1555 
-65.1563 
-86.0919 
-213.092 
213.089 
265 .623 
258.171 
-258.167 
·336.324 
336.324 
-23.4201 
23.4203 
-41.3429 
-48.0352 

Simulation of RSF 20 
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1935 International Way 
Idaho Falls, ID 83402 

3 7,822.82 -3, 102.31 
1 23, 109 .9 887.809 

B<,am-69(Tube (<quare) TS5X5XO. 3 75 I 1 )[ 14 )I 
2 -23,367.3 -1,036.73 
1 35 623 . 7 -2, 125 .51 

B••m•7 1 (Tube (<quare) TS5X5X0.375(1)[12]1 
2 -35,605 .1 2,020.25 
1 ·1,700.57 5 162.12 

Beam• 72(Tuoe (<quare) TS5X5XO. 375 I 1 )[ 22) I 
2 1,738.71 -5, 188.82 
1 5,410.3 -932.282 

Beam•7 B(Tu0e (<quarel TS5X5X0.375(1 )[23)1 
2 -6, 195.93 -212.669 
1 2 339.4 585.376 

Beam•79(Tube (squar-e) TS5XSX0,37S(1 )(2• ]) 
2 -3 202.41 -165.614 
1 51 632.6 638.724 

B<,am•BO(Tube (,qua re) TS5X5XO. 3 75 I 1 )[21 ] I 
2 -52, 934.4 -932.679 
1 -44 321.7 382.922 

Beam~a 1 (Trim/Extend l ( 1]) 
2 43 097.2 199.057 

Beam Stresses 
Beam Name Joints Axial(N/m ' 2) Bending 

Dir1 INtm• 21 
. 

1 -3. 73167e+06 Beam-,.9(Tube (square) 6. 76765e+06 TS5X5XO. J75(1)( 1 J]) 

2 -6. 7718e+06 1.9149e+07 
. 

1 
1.49966e+06 

3.81145e+06 

Beam-SO(Tul>@ (squa.r&) 2 
. 

-1.64214e+07 TS5X5XO.J75( 1)[1]) 6.49156e+06 
. 

3 
6.66311e+06 

1.20726e+07 

Beam-51(Tube (square) 1 -258 035 7.22642e+06 
TS5X5XO.J75(1)(21]) 2 -249 515 3.2098e+06 

1 1.20559e+07 1.31573e+06 
Beam-S2(Tubfl (squa_re ) 2 1.06985e+07 1 . 79871 e+06 TS5X5XO.J75( 1)[7)) 

3 1.07274e+07 2.83534e+06 
1 165 140 -6.88098e+06 

Beam-Sl(Tube (square) 2 
. 

1.84976e+07 TSSXSX0.375( 1)[3]) 4. 71565e+06 
3 -4.8872e+06 -1.61683e+07 

. 
1 -60,292.5 Beam-54(Tube (square) 8.831 78e+06 TSSXSX0.375( 1)[9]) 

2 -8.8553e+06 131 ,118 
1 -1.3449e+07 -60 288.7 

8Hm•S6(Tu~ (square) . 
TSSXSX0.375(1 )(1 0 )1 2 131 ,1 11 

1.34255e+07 
Bearn-57(Tul>e (square) 1 ·265 558 6.34086e+06 

TSSXSX0.375(1 )(2•]) 2 -259 592 3.01028e+06 
-

1 1.33308e+07 Beam-59(Tub,e (square) 1.13267e+06 TS5X5XO. J 75 ( 1 )( 21) 

2 4.65348e+06 6.44791e+06 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

3,852.24 
10919.5 
·11,214 

-5,418.64 
5,142.61 
-80.3341 
·39 .8999 
-279.355 
573 .298 
-203.106 
-842.577 
189.496 
293.188 

-1 046.44 
626.645 

Bending 
Dir21Ntm• 21 

·2.69746e+06 

4. 52468e+06 

4.45338e+06 

·1.56682e+07 

1.06234e+07 

3. 11 938e+06 
-808 133 
-760 104 

-3.26789e+06 
4.03413e+06 
-6.23902e+06 

1. 92507e+07 

•1 .76174e+07 

1.40027e+06 

1.5622e+07 
5.62099e+06 

505 ,313 

3.69476e+06 
-1 . 17758e+06 

-1. 90476e+07 

•5 .51018e+06 

3 435.97 
-5 395.68 
·3 ,500.65 
416.942 
2,585 .35 
294.175 
-299.182 
-411.344 
-750.913 
-397.927 
-473.745 
143 .817 
-2.34742 
-1 078.41 
-1 202 .19 

Torsiona l 
IN/m' 2l 

585 ,009 

585,009 

18,797.3 

-14,851.2 

-14,851 .2 

-563 982 
-563 982 

2 829.9 
712.215 
61.3219 
-440.18 

-738.354 
·863.382 
·418.323 
577 .345 
403.554 
731.034 
292.628 
1 182.31 
959 .674 
-1 01 .277 
-149.449 

Mat Floyd 
9/5/2023 

48.0352 
-65 .1564 
65 .1556 
104.699 
-104.699 
-279. 771 
279 .771 
-72 .3651 
72.3646 
-81.9993 
81. 9996 
57.0979 
-57.0994 
47.4678 
-47.4661 

Upper bound axial and 
bendimdNtm• 21 

1.31968e+07 

3.04455e+07 

9.76448e+06 

3.85812e+07 

2. 93591 e +07 

1.06038e+07 
4.26745e+06 

-1 . 38382e+06 1.41317e+07 
469 718 1.57651e+07 
469 706 1. 75969e+07 

-18.795.1 1. 32851 e +07 

14,850.3 4.24639e+07 

14,850.3 3.86729e+07 

-79,771 .2 1.02923e+07 

-79 771 .2 2.46085e+07 
79 771.6 1. 91303e+07 

79,771.6 1.4062e+07 

248 005 1.03012e+07 
248 005 4.44745e+06 

-268,386 3.3511 e +07 

230,998 1.66116e+07 

Simulation of RSF 21 
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Beam-60(Tu,be (square) 
TSSXSX0.375(1)(51) 

Beam•6 1(Tube (squll.re) 
TSSX5XO.J75(1)[15]1 

Beam•62{Tube (squar-8) 
TS5X5X0.375(1)(16]) 

8Hm·6l(Tube (squore) 
TS5X5XO.J75(1)[6)) 

Beam•64(Tub<e (squ,tu·e) 
TS5X5XO. 3 75 I 1)( 8]) 

Beam-65(Tube (square) 
TS5X5XO. J75( 1)[2J]) 

Beam-66(Tul>A (squa.r&) 
TSSXSX0. 375(1)(11 ] ) 

8eam-67(TuDe' (squ11r&) 
TS5X5XO. J 75 I 1 )[ 4 I) 

Boam·69(Tube (square) 
TSSXSX0. 375(1 )( 1•)) 

Beam-71(Tube (squoiire) 
TS5X5XO.J75(1)[ 12] ) 

Beam•7l(Tube (squa.re) 
TSSXSX0.375(1 )122] ) 

8eam-78(Tube (squAre) 
TS5X5X0.375(1)[2J]l 

8eam-79(Tube (square) 
TS5X5X0.375(1 )[ 2•J) 

Beam-80(Tube (square) 
TSSX5X0.375(1)[ 21 )) 

8"am•8 t \Trlm/£><tend t[ t )) 

P-

1935 International Way 
Idaho Falls, ID 83402 

3 -958,745 
1 6. 71037e+06 
2 5. 95996e+06 
3 5. 93112e+06 

. 
1 

5.04737e+06 
2 -4 . 9622e+06 

-
1 

5.44273e+06 
. 

2 
5.37693e+06 

1 1.06853e+07 
2 1.1885e+07 
3 1.18648e+07 
1 6.10204e+06 
2 6. 72363e+06 
3 6. 70343e+06 
1 . 372 424 
2 ·378 390 

-1 
4.56602e+06 

2 
4.52789e+06 

1 7 .27237e+06 
2 1.57388e+06 
3 1.7 4781 e+06 

. 
1 5.1 6331e+06 

. 
2 

5.22082e+06 
. 

1 
7. 95918e+06 

. 
2 

7. 95503e+06 
1 -379,949 
2 -388,469 
1 1.20879e+06 
2 1.38432e+06 
1 -522,678 
2 -715,496 

1 
1.15359e+07 

-
2 

1. 18268e+07 
-

1 
9. 90253e+06 

. 
2 

9.62895e+06 

-1.80769e+07 
1.81929e+06 
6.88323e+06 
-1 . 99663e+06 

-1 . 72982e+07 

2.12766e+07 

2.11588e+07 

-3.12916e+07 

2.32927e+06 
1. 56 777 e+06 
3. 95335e+06 
-2.24866e+06 
1.28873e+06 
7.20764e+06 
2.68827e+06 
2.03291e+06 

91,275.9 

521 ,771 

-4.54381e+06 
-1 . 76442e+07 
2.10556e+07 

3.30646e+07 

·2.1452e+07 

-2 .55502e+06 

1.5843e+07 

1.8027e+06 
1.83338e+06 
-2.52071e+06 
4.60159e+06 
2.43849e+06 
-2. 90311e+06 

-881 ,31 1 

-14,385 

-6.60847e+06 

7. 36699e+06 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

2. 17909e+07 
1 . 14583e+06 
·1 .68638e+06 
2.16277e+06 

-91,654.1 

-521 483 

374,853 

-4. 36359e+06 

-3.18698e+06 
·1.03281e+06 
1.40527e+06 
1.89009e+06 
1.22674e+06 

. 574 197 
5.86614e+06 
·2.93292e+06 

-1. 93339e+07 

3.2795e+07 

5.48155e+06 
1.19274e+07 
-1. 73416e+07 

4.36444e+06 

-375,780 

-2.69742e+06 

4. 52462e+06 

5.29079e+06 
-2.56348e+06 
-3.53796e+06 
2.47297e+06 
4.47977e+06 
-1 . 79322e+06 

7.24516e+06 

-5 .88087e+06 

620,625 

-9 15,823 

-268,386 
1.45377e+06 
·1.29088e+06 
·1.29089e+06 

130,865 

130 866 

-364,083 

-364,088 

-481 019 
1.1906e+06 
1 . 19059e+06 
1.48411e+06 
-1.44247e+06 
·1.44245e+06 
1.87914e+06 
1.87914e+06 

-130,855 

-130,855 

-230,994 
268,386 
268,386 

364,088 

364,083 

-585,050 

-585,050 

-1. 56316e+06 
-1.56316e+06 

-404,361 
-404,359 
458,204 
458,206 

-319,058 

-319,066 

265 ,215 

265 ,206 

Mat Floyd 
9/5/2023 

4.08265e+07 
9.67549e+06 
1.45296e+07 
1.00905e+07 

2.24372e+07 

2.67603e+07 

2.69764e+07 

4.10321e+07 

1.62016e+07 
1.44856e+07 
1. 72234e+07 
1.02408e+07 
9.23909e+06 
1.44853e+07 
8. 92684e+06 
5. 34422e+06 

2.39912e+07 

3. 78447e+07 

1.72977e+07 
3.1 1454e+07 
4.0145e+07 

4.25924e+07 

2.70486e+07 

1.32116e+07 

2.83227e+07 

7.47344e+06 
4.78533e+06 
7.26747e+06 
8.45888e+06 
7.44094e+06 
5.41182e+06 

1. 96624e+07 

1.77221e+07 

1. 71316e+07 

1. 79 11 8e+07 

Simulation of RSF 22 
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Study Resu Its 

Name 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Tension -Compression Axial P/A 

Min 
· 1.95ksi 
Element: 284 

RSF-ELC-Stress-Tension-Com ression 

p. 
SDLIDWOR KS Analyzed with SOLIDWORKS Simulation 

Max 

Mat Floyd 
9/5/2023 

1. 75ksi 
Element: 195 

Ax ial P/A (ksi) 

1.~ 

1.38 

• 1.01 

• 0.64 

0.27 

-0.10 

-OA7 

-0.M 

-1 .21 

-1.58 

-1.95 

Simulation of RSF 23 
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Name 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear-Moment Plot1 Moment about Dir1 

RSF-ELC-Shear-Moment Plot-Shear-Moment Plot1 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Moment obout Oir1 Obf.in) 

45195 

35000 

26605 

1731 0 

8015 

-1280 

-10575 

-19871 

-29166 

-38461 

-4n56 

Simulation of RSF 24 
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Name 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear-Moment Plot2 Moment about Dir2 

RSF· ELC-Shear-Moment Plot-Shear-Moment Plot2 

P-
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Mom,nt ,bout Dor2 (lbf.,n) 

47366 

39037 

32308 

24779 

17150 

9721 

2192 

-5337 

-12866 

-20395 

-27924 

Simulation of RSF 25 
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Name 
Shear 1 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear in DIR 1 

Min 
-0.39ksi 
Element: 902 

RSF-ELC-Stress-Shear 1 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 

Mat Floyd 
9/5/2023 

0 .80ksi 
Element: 776 

Shur in DIR 1 (l:si) 

0.80 

0.68 

. 0.56 

0.45 

0.33 

0.11 

0.09 

-0. 03 

-0.15 

-0. 27 

-0.39 

Simulation of RSF 26 
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Name 
Shear 2 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Shear in DIR 2 

Min 
-0.59ksi 
Element: 479 

RSF-ELC-Stress-Shear 2 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 

Mat Floyd 
9/5/2023 

0.83ksi 
Element: 864 

Shear in DIR 2 (b~ 

0.83 

0.69 

• 0.55 

0.41 

0.26 

0.12 

-0.02 

-0.16 

-0.30 

-0.45 

-0.59 

Simulation of RSF 27 
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Name 
Torsional 

p. 

1935 International Way 
Idaho Falls, ID 83402 

T e 
Torsional 

Min 
-0.23ksi 
Element: 902 

RSF-ELC-Stress-Torsional 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 
0.27ksi 
Element: 713 

Mat Floyd 
9/5/2023 

Torsional (hi) 

0.27 

0.22 

0.17 

0.12 

0.07 

o.oi 

-0.03 

-0.08 

-0.ll 

-0.18 

·0.23 

Simulation of RSF 28 
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Name 
Displacement 1 

P-

1935 International Way 
Idaho Falls, ID 83402 

T e 
URES: Resultant Displacement 

Min 
0.000in 
Node: 39 

RSF-ELC-Dis lacement-Dis lacement1 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max: 0.QJ 

Max 
0.033in 
Node: 236 

Mat Floyd 
9/5/2023 

URES (in) 

0.033 

0,030 

0.027 

_ 0.023 

0.020 

0.017 

0.013 

_ 0.010 

0.007 

0,003 

0,000 

Simulation of RSF 29 
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Appendix C 
Stress Allowable Calculations & Compliance 

Compliance to ANSI AISC N690-18 contained in this appendix will be organized as follows: 

1. Preliminary/Preparatory Calculations and information 
2. Chapter ND - Design of Members for Tension 
3. Chapter NE - Design of Members for Compression 
4. Chapter NF - Design of Members for Flexure 
5. Chapter NG - Design of Members for Shear 
6. Chapter NH - Design of Members for Combined Forces and Torsion 
7. Chapter NJ - Design of Connections 
8. Chapter NK - Additional Requirements for HSS and Box-Section Connections 

Acronyms: 

• HSS - Hollow Structural Section 
• RSF - Reactor Support Frame 
• FEA - Finite Element Analysis 
• ASD - Allowable Strength Design 
• TREAT - Iransient Reactor rest 
• ASCE - American Society of Civil Engineers 
• SEI - Structural Engineering Institute 
• ASME - American Society of Mechanical Engineers 
• ANSI - American National Standards Institute 
• AISC - American Institute of Steel Construction 
• B&PV - Boiler Pressure Vessel 
• NLC - Normal Load Conditions 
• ELC - Extreme Load Conditions 
• OP - Complete Joint Penetration 

1935 International Way 
Idaho Falls, ID 83402 

These chapters will utilize the ASD method of comparing the load combinations as shown below with calculated 
allowables per chapter. Chapter NI Design of Composite Members is not applicable since all members of the RSF are 
not made of composite members and only HSS beams. FEA was performed to calculate stresses with the given load 
combinations and results of those analyses are presented in Appendix A & B. Thermal calculations were performed 
using hand calculations for determining the convection coefficient which then was utilized in the FEA thermal analysis. 
Both thermal analyses are contained in Appendix D and thermal data are feed into the FEA structura l and seismic 
analyses. 

For the purposes of this analysis, Dead/live load and fluid loads were combined into one load. Fluids included in the 
weight calculation are the primary coolant (NaK) and the secondary coolant (Ga-In-Sn). Weights were derived per 
Drawing 1014577 (MARVEL Reactor Assembly), 1014726 (RSF), 1014698 (Outer Shield Assembly), 1014705 (upper 
plenum duct), ECAR-6586 (preliminary results). All FEA calculations utilized a 10% increase to applied loads. For 
example, the calculated approximate weight of the supported equipment was approximately 16,000 lbs. The load 
applied to the RSF was then increased by 10% (17600 and further rounded to up 18,000lbs.) for any uncertainty in 
construction, fabrication, and assembly. 

The center of mass was approximated utilizing CAD solid models. Although the max temperature that the RSF 
experiences is approximately 200 °F (preliminary results based on ECAR-6574 which is not yet issued), the max 
temperature utilized for allowables for this analysis and Guard Vessel temperature boundary condition applied is 325 °F 
as well as applied temperature onto the seating surfaces of the RSF in the FEA structural and seismic analyses. 
Calculated values for boundary conditions were calculated in first section of Appendix D. 

Page 1 of 27 
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Appendix C 
Stress Allowable Calculations & Compliance 

1935 Internatio na l Way 
Idaho Falls, ID 83402 

6. Alluwalo te StrengJ.h Ile.sign (ASU) 

The allo"3ble s.uength. R,,tn. or each .stt·uc1ural componem sh:iJI be equ:ll t or 

1n.:a1cr than the; n;:quircd trtnJ lh. R0 • determined from the nitictll combinacicm .. ~if 
1hc lo.ids, ·ri.c mo .. , cno al , tr\JCIUru l -:ff«l l!i 1m1y oc 1r' "when 011,c: or more load, re 
DOI acung. The fo1low in_g load combmations s.hall be 111,·cst1ga1cd; 

6a.. ~orrual Load Combinalions 

D+l+R,,+F+ H +T.+C 
D+(t.. ,.- ,.-R)+R.,+F+ H+T. C 
D+F +0.7Sl 0.7511+0.75(1., orSorR) +T,,+ C 

6b. c,·crc E11,·irom11 ·ulal Loi,d Combim.itions 

D II,, f '+ 0.61V+0.75(L + H) C + 0.75(4 orSor R).,.7~ 
D H,, +f' + t., +0.15(L+H )+C+0.15(L,. or Sor R)+ r. 

6c. E,xlre-me En, ironmentaJ and bnom1a1 Lc:.ad ombJnalJons 

D+l+ + R,+10 +£,+ F+ H 
D+ L-+R., +~, 1¥, + F + H 
D • L+C+l-~+R.t +T,.-+ i' .. 11 
D+L+P,. +Ri,+T" rr ""'"r; +Y"' 0.7£,+ l-.. +H 

( B2-I0J 
( 82-11\ 
(ND?-1 2) 

( 1!2-13) 
( 82-14) 

( B2-15I 
CN'B?-16) 
t U?-17) 
I 82-1 8) 

From 
Chapter NB in N690 pg. 14 

Normal load conditions NB2-10 thru NB-12 are identical in this loading scenario. NB2-13 thru NB-18 are identical 
in this loading scenario when T0 =T0 and E 0 = E 8 • This was assumed due to the fact that in the postulated 

accident scenarios, the reactor will be scrammed and the system will cool down. The reactor has thermal mass 
that will absorb heat up during a transient scram scenario before it will heat up the RSF. 

The following loading was neglected due to the fact that the RSF will be inside the TREAT facility, wi ll not be 
supporting anything but what is stated in this analysis, and no pipes are near the RSF: 

C Rated capacity of the crane 
H Loads due to weight and pressure of soil, water in soil, or bulk materials 
Lr Roof live load 

R Rain load 
Ro Pipe reactions during normal operating, start-up or shutdown conditions, based 

on the most critical transient or steady-state condition 
S Snow load as stipulated in Minimum Design Loads and Associated Criteria for 

Buildings and Other Structures (ASCE/SEI 7) for Risk category IV facilities 
R a Pipe and equipment reactions generated by the postulated accident, including R0 

Y i Jet impingement load generated by the postulated accident 

Ym Missile impact load, such as pipe whip generated by or during the postulated 

accident 
Y r Loads on the structure generated by the reaction of the broken high-energy pipe 

during the postulated accident 
W i Loads generated by the specified design (basis) tornado, including wind pressures, 

pressure differentials, and tornado borne missiles, as defined in the U.S. Nuclear 
Regulatory Commission Standard Review Plan 3.3.2 (NUREG-0800) or as specified by 
the AHJ 

Al lowables are calculated in accordance with ANSI-AISC N690-18. Because it is built on top of ANSI/AISC 360-16, 
for many sections ANSI-AISC N690-18 will simply list "no change" and the corresponding section of ANSI/AISC 
360-16 will apply. Therefore, all page, section, and table references are to ANSI/AISC 360-16 un less otherwise 
noted. 

The uclear pecilicati n i. compu1 ible with lhe I C Sperijicatio11 for Sim 111ml 
S1 el Builcli,igs ( U IS ' 360). hereafter referred to a;, the peci a1io11 . Provi­
sion~ of Lhc pecijica1io11 an: ,tpp licuble unlc~s Sta~ d olhcrwi:c. nl lho~c 
sc lions 1hut differ from Lhc Specijira1im1 provisions arc indicated in the uclcar 

pe iii ution. 

From 
Chapter NA in N690 pg. 1 

Page 2 of 27 
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Appendix C 
Stress Allowable Calculations & Compliance 

1. Preliminary/Preparatory Calculations and I nformation 

Tabla 2-9. Room Temperature Physical Properties, Annealed Condition 

Specific: Thermal 
lnltlal Modulus of Thermal ConducUvlty Capacity at 68 "F 

Elastic:lty Density at 68 "F (20 "C) 120 ''CJ 
BTU/ BTU/ 

1935 Internationa l Way 

Idaho Falls, ID 83402 

Type ksi MPa lb/fr kg/m3 (hr·ft·"f) I W/(m-K) (lb- "f) J/(kg-K) 

S30400 
S30403 

28,000 193,000 490 

531600 
28,000 193,000 500 

531603 

S32 I 0 1 
$32304 29.000 200.000 485 
532205 

S17400 28,500 197,000 485 

-.: 

I 
7900 

8000 
87 

7800 

7800 9.2 

15 
0.12 500 

16 

From 
AISC Design Guide 27 
Section 2.3.3 

Thodll ""' ..,....,,EN IOOlll,s-.. s--Pwt l : Llltc(S/_S_{CE 2C05dJ..-i ...... •-lol'IMlnil ,_..,.ololutJa!y 
-Pit! a-,,,_,. tcuslOIJW)II (ASME. 20111), whlcn .... _,-~---Coe». S.ChM n: Ma '"""""'°forlht .._.._..._ ·---r.o28.000 (193,000 ~ _,._ ratla can 1111...._, u 03and 11111.,_...--01 llia&l,cil\'. G, .. 0.3&5E 

Ei := 28000 ksi Initial Modulus of Elasticity, 316H, from Table 2-9 

(1) l i · p i1i d th n th m bani al 
from pr pert ac o dan ith the app 

p cificati n, either pe i fi ati n A_4Q/ _ OM , 
riat 
27 / ASTM 1069, section 5.1.1 .1.(1) 

276M, or pecification 7 / 479M . 

While ASTM A276/A276M does not have a specification for 316H, ASTM A240/A240M-22a & A479/A479M does (shown 
below). Tensile and yield strength match with ASTM A240/A240M-22a & A479/A479M. 

4t' A240/A240M - 22a 

TABLE2 ConritlUed 
Elonga!Mln 

on 
UNS Deslgnatmn Type_. 2 in 0( Cold Bend O 

50 ff'ffl, 
ffWI, 

$30940 309Cb' 75 515 30 205 ~o 217 9S HRBW no4 required 
$309<11 309HCb' 75 515 30 205 40 217 RBW no419qu•ed 
S3\C)08 310$ 75 s,s 30 205 •o 217 95 RBW no1 requ,red 
S3U)09 310H' 75 515 30 20S 40 217 9SHR8W no4 roqund 
S3U)40 310Cb' 75 515 30 205 40 217 95 HRBW no4 requ ed 
S3I041 3I0HCbr 75 515 30 205 40 217 9S RBW no4 uwod 
S3 050 3 10 

, 
l • 025 In a, 580 39 ~70 25 217 95 RBW nol ~ulred 
l >025 1n 78 540 1'I 2!>5 25 217 HRBW no1 requwed 

S3I060 87 600 41 280 40 217 9S HR8W no4 r ulr.O 
S3 254 

SN.landS~ 100 690 45 3 10 223 RBW no1 requ ed 
95 MS ,s 3 10 35 223 HRBW no1 ~u•ed 

S3 266 109 7SO 61 420 35 no4 oquir'ed 
$31277 112 770 52 360 40 . no4 n,quwed 
S31li00 75 515 :JO 205 •o 217 HRBW nol und 
S3ec>a 70 4 25 170 40 217 HRBW nol oquifod 
S3 809 'S 515 205 40 217 9S R8W no1 equ11od 
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-
' 1 

' NClllllC 
_,, -·­_, -IROIII -c 

112,i«IO 112,em 
11211CO 
$1111CM 
11240CIO --531M!ll,S30110-___ SillODI. 

53111101 Sl10IO. Sl1aoQ, 
$.J1W 531 S,JIMQ, 
$11 $31 $Jill 
S'21M Dl1CIO. S3410I. 
UIIOOS3«<1!1 . s»I03 

&'.>1tlllil 

Appendix C 
Stress Allowable Calculations & Compliance 

A479/A479M - 20 

TAIII. 

fw,o 

-,20 ..... , 1501ffl!l'l~n=I 

BOC -
11041. 

XM-11 
'11>002" l!IO.l....,(Wld 

o-too,., 
!501• z..,.t..., o-, ..... 
('IUIO:'<XU...,i1nd 

Upl01\i\k ln'ffll,11'11:1 

°'"'' 1112'•"' 
I .. 512 I""' 
JC.M.U'X...I& 

11 
29 

30t 30< 30<'1 
UQOI.,' lOIS, lOIH 3mCb 

l1G$. ) !CH :JtOCb 31. 
1 3J&li 31«:b.. 31&.N 

in. 32':Ji.'~' :147". 

---- 15 - :IC - 3CI - ,., - 3C - lll - "" - 40 - 35 - «) - "" ..,_, lll - ,, ... _ 
3C 

.. - 12 -- 15 - 00 - 311 - ., - 3C - :IC 

50 
«) 

Sil 

00 .. 
Sil 
Sil 

l!C 

00 

• 
Sil .. ., 
Sil 

--
,., 
1 
1 
1 

212 ,., 

Table 10-3. Reduction Factors for Ty~ S31600/S31603 Stainless Steel 

St.eel Tem~ralure, T 
k E(T} : E(T}/E 1t, (T} : F,(T}/F, ku(() = Fu(T}{Fv ·Frc, kx r == [200] 

- 400 
68(20) 1.00 1.00 1,00 - - - - - -

200(93) 0'.961 Q,87 0.88 

400 (204) 0.92 0.12 0 .. 80 

600 (31 6) 0,87 0.66 0.78 
k " := [0.96] 

E_y 0.92 

750 (399) 0 ,84 0.62 0 .77 

800(427) 0 ,83 0.61 0.76 

1000 (538) 0.78 0 58 0.71 

1200 (649) 0.74 0.53 0.59 

k ·- [0.87] 
y_y•- 0.72 

1400 (760) 0 ,66 0.45 0,41 

1600(871) 0.50 0.27 0.23 

1800 (982) 0 ,24 0.15 0.12 
k ·-[0.88 ] 

tl_y •- 0.80 
2000 (1090) 0 .11 0.07 0.07 

From 

1935 International Way 
Idaho Falls, ID 83402 

AISC Design Guide 27 pg. 55 

Temperature range 

Modulus of Elasticity 

Yield Strength 

Ultimate Tensile St rength 

Fi_j/ == 30 ksi Initial Yield Strength, 316H, from Table 2 of ASTM A240/A240M-22a & A479/A479M 

Init ial Ult imate Tensile St rength, 316H, from Table 2 of ASTM A240/A240M-22a & A479/A479M 

k modi.lt,s := linterp (kx_T, ke_y, 325) = 0.935 

kyield == linterp (kz_T, ky_y, 325) = 0. 776 

k111tfaiate == linterp (kx_T, k ti_y , 325) = 0.83 

E == E i • linterp (kx_:r·, ke_•y, 325) = 26180 ksi 

Page 4 of 27 



TEM-10200-1, Rev. 12 
04/12/2021 ENGINEERING CALCULATIONS AND ANALYSIS ECAR-6584, Rev. 0 

Page 77 of 122 
Reactor Support Frame Analysis 
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E 
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C 
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C 
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Appendix C 
Stress Allowable Calculations & Compliance 

TABLE 84.1a 

1935 Internationa l Way 
Idaho Falls, ID 83402 

Width-to-Thickness Ratios: Compression Elements 
Members Subject to Axial Compression 

Limiting 
QI Width-to- Width-to-Thickness In 
co Description of Thickness Ratio>.., 0 

Element Ratio (nonslender/slender) Examples 

1 Flanges of rolled 

f+ 
I-shaped sections, b 
plates projecting 1~ r-11 
from rolled I-shaped ,t T,' 
sections. outstand ing o.ss{f; legs of pairs of angles bit b l 
connected with con- [+ l~_L tlnuous contact, 
flanges of channels, T'( 
and flanges of tees 

2 Flanges of built-up [a] fj~ I-shaped sections 
and plates or angle bit 0.64 kc£ i d, legs projecting from Fy I 
bui lt-up I-shaped 
sections 

3 Legs of single .-£-1 ~ 
angles, legs of r+ ur{t lfjlb double angles with 

E separators, and all bit 0.45 -

~+ other unstiffened Fy 
elements 

4 Stems of tees E ~ ]d dlt 0.75 -
Fy 

5 Webs of doubly 
E B :f~h-E] symmetric rolled and 

hit, 1.49 -
built-up I-shaped sec- F, 
tlons and channels 

6 Walls of t 
rectangular HSS bit 1.40 

E 

~ -Fy 

from pg. 16.17 
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Appendix C 
Stress Allowable Calculations & Compliance 

TABLE 84.1 b (continued) 
Width-to-Thickness Ratios: Compression Elements 

Members Subject to Flexure 
um,ting 

Width-lo- Width-to-Thickness Ratio 
G,l 
OJ Thick• >-,. >., 0:, 

u Description or ness (compact/ (noncompact/ 
Element Rallo noncompltCI) slender) Examples 

15 Webs of doubly 

3,76 ; 
E E} -E~} symmetric I· hit., 5.70 -

shaped sections y Fy 
and channels 

16 Webs of singly he~ 
let 

ymmetrlc h,. Fy :ttli! i~fi! 1-shapod hell (o.54 :;-o.09r 5.70 !_ 
sections Fy 

<;).,, 

17 Flanges or 

1.12 {f Et reel ngu r HSS M 1.40 
E 

~Fr F, .. 
c 
~ 18 Flange cover b b 
CII plat and M E E g,, :~e w 

diaphragm plates 1.1 2 1.40 
F, ,, Fy CII between lines ol C 

~ I eners or 

iii welds az:t:iz> 

7.07" 

0.375" 
5" 

HSS SxS 

---- 4.25" 

1935 International Way 
Idaho Falls, ID 83402 

from 
pg . 16.18 
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Appendix C 
Stress Allowable Calculations & Compliance 

b1 == 3.5 in Inner width of SxS HSS, less the corners 

1935 International Way 
Idaho Falls, ID 83402 

2. D ign \ all Thi kn for H 

produced according to 

pro<luc d a rdiog r 

from: 
pg . 16.1-20 

·ign w.ill lhickn · · 

t:=0. 375 •0.93 in Thickness of SxS HSS, reduced by 0.93, will be produced from ASTM Al069 HSS 

d := 5 in Outer thickness of HSS, SxS 

>..,. allow 1 := 1.4 • • /E = 46.9 limiting width-to-thickness ratio, Compression Elements Members Subject to Axial 
- - V Py Compression, per table B4. la-b 

\ - a11ow 2==1.12 ·• /E =37.6 - - f Fy limiting width-to-thickness ratio, Compression Elements Members Subject to Flexure, 
per table B4.la-b 

b1 
.)..r := - =10.0 

t 
Width-to-thickness ratio less than limiting width-to-thickness ratio, therefore all beams analyzed 
in this analysis are considered not slender and is "compact", per table B4.la-b and section 84.1 
paragraph 2. 

A1 :=(d-t-2)2 = 18.5 in2 

A2 :=(5 in) 2 = 25 .0 in 2 

A 0 :=A2 - A 1 = 6.488 in2 

Inner hollow cross-sectional area of square HSS, SxS sharp corners 

Outer cross-sectional area of square HSS, 5x5, including hollow area with sharp 
corners 

Gross area of HSS members, total cross-sectional area 

A o.375_Jwte==0.375 in •t =0.131 in 2 0.375" threaded hole cutout on 8 members, see drawing 1014726, item 10 

A ,. :=A9 - 2 ·A0_37sfele = 6.227 in 2 Net area, from pg. 16.1-20, with two 0.375" threaded holes cutout on 8 
members 
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Appendix C 
Stress Allowable Calculations & Compliance 

2. Chapter ND - Design of Members for Tension 

C 

TABLE D3.1 
Shear Lag Factors for Connections 

to Tension Members 
Oe•crlpllon o l Element 

2 All 1-1100 ....i,o,s, CllQOj)I HSS. <O 1,­
ten1b• oao • n,,sm..ci to - but r,oi 41 of 
lht cinu.-a1 -.is by 1as1eners o, ll'f 
IQ,gllvdnlh els hc:trlllli-•rtt-ti.,..,.ra 
Wilri&. AAim1IMly. C.11 7 Is pem111oc tor W. 
Id, Sand HP •haoeo. (for~ C- 8 ii 
Por'tlttlld lol>o-) 

3 AJI ""11100 t'l'em!>M wllero Ille ,,,,_ \clod II 

b'inlm-orr,by •-- l'ltld• lo somo b:11 
not al of ... ---~"'""''-

41•1 1'111111!1. ong1.., chllnnoil 'MIii M!k:I• 11 """"' 
nf W-ihapls - amocw.l ...,..,,11, w"-9 
!ho """'""' lolld 6 lra!llll'il!ild by bn!Jwdinal 
- 0/lty. Ste case 2 ro, 0t•~lloftcl i . 

5 Ro<nl HSS ..,Ill a Y,glo concontnc 
9JS>i!I pl,h! tllro<q! lllaCs n HSS. 

8 S.rglolllld- 'ofl b.l!«no•-Pf• 
~ k 11 llulr- ol lomrg 
(HU11-
porC- lhe ,.,g 
,, pom,ibd lo bo __ , 

th U'fl!cl fHlOOl!r!i JD' Joo in 
lflt rl,-C,\QO ol IOaillng f\,IJII -"""- "''"'' Ire"' tiled,_,. al \clod~ 
ijlOC.02] 

She• r ug faclor, U 

V•tON 
,1,.-iiaiolllM!drracfot 
cm-•"'_,. 

/~1 3D.U=I.0 

OS/< 1.30, ll •t - .! 
- D f ~-­• 

l2 H,U• 1- ! 
I 

i B2 +2BH 
•(B+H) 

ll = 0.70 

U =0.80 

..l. 

6 CM1fil • !Mdf'lat1"WCAng.iMHSSm• rT'Qltr, r1'11C".ro1~11P;vwllfaw~ ntm l;D a11tnled.i1nwauc,j 
,oi.,,d ~ H tt.11Hat t.igh ot ~ H ,,_.,,,ter '°'"';u;md In the ...,. 1:i1 hi OCMW1Khcn n (mm) 
d .. d~t'4trnM'IIIOf1H:5d Cl.pd'lott....-.ko'Tl~l"int l.,. (;II: (m.,r.),I ~at ~ , 
n (m : w Mdf'I e1 p;11111, In lr-ml r ~..cy ot Ct!r"'I\IC90I'\. n t""'I 

"'-f- , , -,..J;a wf,e,,el1 !WIIJI~ flimbe~~4~ ll!l~!tA 

from : 
pg . 16.1-30 

Uc == l.0 

Safety Factor for tensile yielding in gross section, section D2 

Safety Factor for tensile rupture in net section, section 02 

Shear Lag Factor, Table 03.1 

Effective net area, equation 03-1 

1935 Internatio na l Way 
Idaho Falls, ID 83402 

Critical force in tensile yielding, equation 02-1, smaller therefore it is selected 

P ,.:=F,. •Ae= 387.6 kip Critical force in tensile rupture, equation 02-2, larger therefore not selected 

Page 8 of 27 
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R ,.y_NLC := 1.29 ksi 

R ,.y__sw := 1.75 ksi 

R,. T LC 
DCvyw := - = 0.09 

R,, 

R a_r__ELC 
DCv_sw:=--- 0.13 

R,, 

Appendix C 
Stress Allowable Calculations & Compliance 

1935 International Way 
Idaho Falls, ID 83402 

Allowable Tensile Stress, ASD, derived from equation D2-1 to use stresses instead of 
forces 

FEA Calculated Tensile Stress, see FEA results in Appendix A with NLC 

FEA Calculated Tensile Stress, see FEA results in Appendix B with ELC 

Demand to capacity Tensile Stress with NLC, <l, satisfactory 

Demand to capacity Tensile Stress with ELC, < 1, satisfactory 
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Appendix C 
Stress Allowable Calculations & Compliance 

3. Chapter NE - Design of Members for Compression 

TABLE USER NOTE E1 .1 
Selection Table for the Application of 

Chapter E Sections 

Without S~nder Eleme'l"IIB Whh Sleoder Element 

Soc:tlon• In Lim Sactlona n mit 
Cron SecUon Ch•pler E SU.tea Chapter E SlalH 

f E3 B 7 L8 
E4 TB FB 

18 

-E I I 3 FB 7 LB 
E4 FTB FB 

FTB 

-B- B E7 8 
FB 

e 3 FB E7 LI3 
F8 

from: 

I E3 B E7 LB 
<I FT8 FB 

FT8 

pg . 16.1-34 

--u-·- 6 E6 
E3 FB E7 LB 

d FTB F8 
FTB 

-b-A E5 E5 

• I 3 FB A 'A 

Unsymme ' &hapes £4 E7 L8 
o er single FTB 

FB • oral buck!. 51 • IIX:!kwmJ ling, FT1l • flu tan,.,., ng, LB • oc buckl,ng, 
'A-not~ 

1935 Internatio na l Way 
Idaho Falls, ID 83402 
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Appendix C 
Stress Allowable Calculations & Compliance 

As shown in Section 1 of this appendix, the RSF does not have any slender members 

Factor of Safety for compression (ASD), from section El 

TABLE C-A-7.1 
Approximate Values of Effective 

length Factor, K 

I I< " ., "' 
1. ),. I I . ,. ... 'i' , 'i' I 

' 
I I I 

,' I I I I I I I I I 
I I I I I I 

I I I I I I --· I I I I I I ..,_Is.,,.,.,,_.,, I I ' I I I --- I I I I I I 
I I I I I I 
I \ I I I I 
I I I I I \ ' I I I 

I I I 

T , T • i" 
... -, .i 

from 
,__~- " 

., , . ID ,. .. --- pg. 16.1-570 
.,.._.,...,.,.. •• ... IJ ID .. JO ----- --- R_, td -ind nmlllllon Ind 

- R.~ ... end~f-.d 
... __ ,.~--... ~-

R0Ci11101\twnt~ht 

1935 International Way 
Idaho Falls, ID 83402 

K:= 2.1 Effective Length Factor, Assume worst case (e) for conservatism, from above table C-A-7.1 

• • ....!L • 0- 9.a a 
0 6 .fl? i5 . ·• '. -•: • \ 

..!.. .o no a !. 'j' ./ l 
• Table from Machinery's , . ., ... 

Handbook, 27th edition, 
pg. 238 

• I 

' ...!!.. - 0 II ~-c ,, ' 
~. 

i1 1> J2 ./t? 
• .. 

a'_,,,. 
r'. ,., 

u'-t,,t -,l-
- ,z- ~ 

• ll~'ltl+h 

a 2 :=5 in b2 := a2 - 2 · 0.375 in 5" x 5" x 0.375" HSS 

r := 0.289 ya/ + b2 2 = 1.896 in Radius of Gyration, See above table from Machinery's Handbook 

L := 88 in Worst case length of compressive member with the RSF, per drawing 1014726, item 12 
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Appendix C 
Stress Allowable Calculations & Compliance 

1935 Internatio na l Way 
Ida ho Falls, ID 83402 

T h cffc Li~·c lcnµlh . L, . for ·11kulJ1lion oi member I ndcrnc s. Lclr. hall be dctcr-

mi n d m .rdnncc wit h h:tptcr or Ar,pcn ,x 7 

1i, e lenglh ract 1 

I,.= KL. = e ll'~uw kng1h or mern l:ier. m. (mm) 

L • I 1erall . unbrn ed len •lh r the mem ber. in. (mm 

r = rnd1u., of gyr 11i n, in. (mm) 

Effective Length 

,1 n, I cffcc11~ 

Elastic bucking stress, equation E3-4 

from section E2 
pg. 16.1-35 

Le 
- = 97.4 
r 

Less than 200, acceptable, per user note above in section E2 

L 
4.71 •' JE = 157.923 V-i;; 

Since - is less than this value use E3-2 to determine F e,., pg. 16.1-35 
r 

( F) ....!. 
p . 

F er == 0.658 ' •F ,y= l6.3 ksi 

R a_C_;VLC 
DCc.JvLc ==-~-- 0.17 

R.,i_C 

Ra_C_ELC 
DCc...eLC == -"--'-'-- =0.20 

R,,_C 

Critical compressive stress, equation E3-2 

Allowable compressive strength, equation E3-1 

FEA Calculated Compressive Stress, see FEA results in Appendix A with NLC 

FEA Calculated Compressive Stress, see FEA results in Appendix B with ELC 

Demand to capacity, Compressive Stress with NLC, <l satisfactory 

Demand to capacity, Compressive Stress with ELC, <1 satisfactory 
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w.~~.r,r,l Appendix C 1935 International Way 

Stress Allowable Calculations & Compliance Idaho Falls, ID 83402 

4. Chapter NF - Design of Members for Flexure 

!tb:= l.67 Factor of Safety, pg. 16.1-46 

TABLE USER NOTE F1 .1 
Selection Table for the Application 

of Chapter F Sections 

Sec onln Crou Flllnge Web Umlt 
C~F Secllon S ndemus Slendemesa States 

F2 f3- C C Y,LTB 

F3 f C, S C LTB, FtB 

F4 f± C, r,,c. S C, 
CFY. Ll'B, 
FLB TFY 

F5 ± C, r,,c. S s CFY, LTB, 
FLB TFY 

F 
~ 

C, r,,c, S NIA y FlB 
-+---f-

-8- Y. FLB, 
F7 C,NC, S C, CS w LTB 

F8 NIA y LB 

F9 -,11- C,NC.S A 
YL 

FLB,W\.B 

F10 ---b -A A A Y, LTB, LLB 

F 1 • I NIA A Y, LTB 

II IM7u~ ll 7-1 1 

from 
pg. 16.1-45 

From Machinery's Handbook 
27th edition, pg . 249 
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Appendix C 
Stress Allowable Calculations & Compliance 

1935 International Way 
Idaho Falls, ID 83402 

.., ... '. 

<•r 

. 
a 

' 
. 

a 
ii 

,l _,. .. -,2-

" 

' 

~ 0 11 1 

.. ! 

~-on. 
From Machinery's Handbook 
27th edition, pg. 238 

Polar Section Modulus, Plastic section modulus equals Polar section modulus, equation from 
Machinery's Handbook, see table above 

ry:=r 

Plastic bending moment , equation F7-1 

Allowable flexural strength, derived from equation F7-1 

Radius of gyration about y-axis, r Y = r , square HSS, as calculated herein, page 12 

Torsional Constant, aka Polar Moment of Inertia, from page 14 table herein, Torsional 
constant of solid SxS minus the hollow portions. 

yJ• Ag 
L ==0.13· E •r •--~ 500.3 in 

P y NJ 
Limiting laterally unbraced length for the limit state of yielding, equation F2-5 

p 

Length between braced points, worst case for RSF, see drawing 1014726, item 

Per section F2.2(a), Since Lb-5,.LP lateral-torsional buckling does not apply. 

J\lfcu .-_ew == 47.8 kip -in 

DC M,.y LC 
l•'_NLC := ----= 0.27 

Mn_,, 

M a..,F'_,6LC 
DC1,•...ew==---- 0.34 

Nl ,v 

FEA Calculated Moment, see FEA results in Appendix A with NLC 

FEA Calculated Moment, see FEA results in Appendix B with NLC 

Demand to capacity, Flexure with NLC, <l satisfactory 

Demand to capacity, Flexure with ELC, < 1 satisfactory 
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5. Chapter NG - Design of Members for Shear 

Factor of Safety with ASD for shear, section Gl, pg. 16.1-70 

1935 Internatio na l Way 
Idaho Falls, ID 83402 

h:= 3.5 in Clear distance between flanges less the fillet at each flange, per section G4, pg. 16.1-74 

k 11 := 5 

M 1.10 • = 82.5 
y 

h 
- = 10.04 
t 

Web area, per section G4, pg. 16.1-74 

Web plate shear buckling coefficient, per section G4, pg. 16.1-74 

Equation G2-9, directed from equation G4-1 

h M·•E Since- ::; l.10 • _ v _ is true, C,,2 = 1.0, per equation G2-9 
t FY 

V n ==0.6 · Fu ·A w· C v2 = 34.l kip Nominal shear strength, equation G4-1 

·- (::) - . V n 11 -- --- 8.37 ksi Design Shear Strength, per section Gl 
- f1v 

V a_v_NLC := 0.66 ksi FEA Calculated Shear Stress, see FEA results in Appendix A with NLC 

V a_v_e:w ==0.83 ksi FEA Calculated Shear Stress, see FEA results in Appendix B with ELC 

V a, ti 'LC 
DCv_Nw== - =0.08 Demand to capacity, Flexure with NLC, <1 satisfactory 

v n_v 

V a_u_ELC 
DCvJJLc:=--- 0.10 

v n_v 
Demand to capacity, Flexure with ELC, < 1 satisfactory 
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6. Chapter NH - Design of Members for Combined Forces and Torsion 

571' :=1.67 

!:__ = 10.036 
t 

Factor of Safety for Torsion, section H3 

2.45 •· JE = 82.147 V-i;; 
F cr_.H3 :=0.6·F11 =14.0 ksi 

F e,Jl3 . 
T n ==--= 8.4 ksi 

flr 

T ,·...£LC'=0 .27 ksi 

J\1r:i :=MnJ'flLC = 37 kip -in 

J\,[c ==M n_p= 138.9 kip • in 

v,.1 := V a_v_NLC = 0.66 ksi 

v ,.z := va_v...ELC = 0.83 ksi 

S. h {!:· . 33 ince -::;2.45 • - 1s true, use equation H -
t FY 

Critical stress, equation H3-3 

Allowable Torsional Strength, section H3 

FEA Calculated Torsional Shear Stress, see FEA results in Appendix A with NLC 

FEA Calculated Torsional Shear Stress, see FEA results in Appendix B with ELC 

Demand to capacity, Flexure with NLC, < 1 satisfactory 

Demand to capacity, Flexure with ELC, <1 satisfactory, < 20%, but it will be considered 
regardless in combined forces analysis as shown below, per H3-6 

Required flexural strength, see FEA results in Appendix A, with NLC 

Required flexural strength, see FEA results in Appendix B, with ELC 

Allowable flexural strength, as calculated herein 

Required maximum axial/compressive strength, see FEA results in 
Appendix A, with NLC, as calculated herein 

Required maximum axial/compressive strength, see FEA results in 
Appendix B, with ELC, as calculated herein 

Allowable tensile or compressive strength, determined in accordance with Chapter D or E, 
choosing the lesser of the two (compressive), as calculated herein 

Required shear strength, see FEA results in Appendix A, with NLC 

Required shear strength, see FEA results in Appendix B, with ELC 

Allowable shear strength, as calculated herein 
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T r2 :=T r_ew = 0.27 ksi 

Required torsional strength, see FEA results in Append ix A, w ith NLC 

Required torsional strength, see FEA results in Appendix B, with ELC 

Al lowable torsional strength, as calculated herein 

2. H ubjcct to ombincd orsion hear lcxurc and ial orcc 

When the required tor. ional trene:th, TF• is le · than or equa l to 20 · of the available 
torsional trength, T., the interaction of l i n, shear, fle ure and/or a ial f rce for 
H may b d !ermined b ection H I and the torsional effe ts may be n gle ·ted. 
When T, e ceed 20% of Tr, the intera lion of torsion, h ar. n xure and/or a ial 
~ r c ha lJ b limi1cd. at ch inc of nsidcrati n, by 

( P, + M , J + ( Vr + T, )2 ~ l.O H -6 
f'c M" V. 1~ 

from 
Section H3, 
pg. 16.1-83 

Combined Demand to capacity, NLD, Less than 1, 
acceptable, equation H3-6, including torsion 

( P.,.2 M,.2 ) ( V:r2 T r2 )
2 

DClf c1Ymb...ELD'= - +-- + - +- = 0.56 
- p c ]\Ile V e T c 

Combined Demand to capacity, ELD, Less than 1, 
acceptable, equation H3-6, including torsion 
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Chapter NI - Design of Composite Members is N/A due to this structure only being made of only HSS and not HSS and 
concrete composite beams/supports or other combinations. 

7. Chapter NJ - Design of Connections 

There is no bolts sharing loads with welds. Bolts that will be taking a load are on the mounting plates at the 
bottom of the RSF. Additionally, bolts will be utilized to mount the insulation pads near the bearing surfaces of the 
top of the frame. Insulation mounting bolts will be not take any load. 

°"'"""'" 

TABLE J2.5 
Available Strength of Welded Joints, 

ksl (MPa) 

"""'""" 51..,.. 
(F-o, 

F,,-, 
,I CU"") 

lo ~a• it 

from 
pg. 16.1-123 

Although the RSF will be mounted onto at steel/stainless steel plate which will then be mounted to the concrete, it 
will be analyzed as if it is mounted directly to the concrete. 

--

C.,._...11 ... •t•MIIJUcoonlftilllet)"\t«ta tNMtt 
lt'•.J,S.CO •--t• ,lMIO 

Motwff:•-~ .. ill'oe.,;I' ,IIU\oet,,,.,..,.tlf'ldM'1•4t 
L,(I .. .,,.... Lq•O..OO 1At•640 
l,lill • 0.00 lJt • 1flUil l1I' • UD 
LD•O.OO U,•CUIO La•_, .... 

.....,,..-.mltill~-t,,.f Ill utU'OW • 1'1JMl[!IIO)rt• 41 

~ ibft'81,t.fl~ MN MIid i,M °" • 0-fl'lktUiri; 

~---M1t/l~lol .. U\4'Jllf M ( ....... (WIIP\4')" -4 J 
ll•I01M 
lt•I01.i' 

&:~,.,~.,- .. , •""'~'•.-..c•rtl••I~• •• 
llX • IIJU1..il lb'• ffllla.lJ LrZ • 1~1.R 
1 •~ ll't•lWIIIIA,I U:Z.• ~IOI» 
U'J. • tON,11At LZT" .mlOUS ll2 • MlUU) 

- -
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flcb:= 2.31 Factor of Safety, bearing strength for column bases, Section JS 

f 'c := 2500 psi Compressive strength of concrete for residential concrete, expected higher at TREAT 

Au:= 97.93 in2 •4 = 391.7 in2 area of steel concentrically bearing on a concrete support, see section 
properties calculat ion from Solidworks below. 

Nominal bearing strength, Section JS 

Allowable bearing strength, Section JS 

FEA calculated resultant force, NLC, see appendix A under resultant forces 

P a...ELC:=135312 N = 30.4 kip FEA calculated resultant force, ELC, see appendix B under resultant forces 

P a_NLC 
DCcflLC: = - . --= 0.06 

p c..,/ 

"' WELD F'a.LEA META.L 

. U,0 . OU-'IRO\!fitiL BIJPf10RT2 . QUARO \!ts:SEL SUPflOAT 1 --. TOP ,_ 

t2 .. ,..,,,,. . ~ "-"""" 
' . Fl.COR "-ATI: 

I"' ·• 111:CACfOlltSU"'ORlrlW,rt 

' _,a. PtOMl:NCI..ATURE 
OTYIGD IDl!H'htYINliNO ORC>t.~PTI()N 

J' ,IJ U '$P,.t,T -=-~..._,"= .. ......... 
::.-:a 111.-1IQIII L. ANOR~ 

1!"-.ll(JWli\r\.O'l'O 

t.lf.• a:i'!I 
- T FIJlmaalRO 

rT.(1'~ 

_, ••1 ._ .... , .. 

Demand to capacity bearing strength, <1 acceptable 

Demand to capacity bearing strength, <1 acceptable 

r el'& •:i i I .-sMt U"5t;J~ " 
" 

l\18NI; SX!il(l/1 WALi. 

" Jl6H 6 51 ASTM o\1,DfiG 

W.tT~~ .. ';"Af II 

l\JON0..5-X!Xl!IW1'U. tO 3tatl :S~T A51M A.lml!I 

'T\H!ING b.Sli:MWALL 
310t15S'T.-.STMA1"8 • 
'T\J8NGS)l511:lel\'A.I..L . l•6HSST ASTMA109II 

' Weld Material for RSF 
PLATE, ll5 n o< 

' 3l1H SSTASTMA241t 

~~T~: .. \Y:tt ' from 
Pl..AT!.UJ TM: . 316H SST ASTW"2•0 Drawing 1014726 

' 
' 
' 

W..TEJtWJ SPECIFICATION ITEM 

"'"""""'"""" ND 

~ IW,o_._, 
MAINE.. 

ReAC'TOR STRUCT\JRE: 

Alt,\CTO.lSIJPPOA.'T l"RAMllii •.. ~~~""~r-,; 
~ ... ,.,.~ €1UDi:)lli,o 70GJ 

~014726loii'o~ - ..,. <="~C""'T 

' ~ . 
Table 1 (Con11n ued) 

Chemlce.1 Composition Requlreme11ts• 

C'MW1J:1o ilk1111 \\1 ,,..... U1IL'f'Ek.'1h:) 
AWS UNS 
t'llls,,atin11n1tl N11mhri< <> NI ,.,., Mn Si' N <• H,_ ·-- from 
t;.IUt.H ~).Jr(I fl(UI 10.,_l ,L''i ... ""' ... .. , llfl ! OJU 0 .. 71 11 , .. • lnl'-1.._. 
U-'1}9Nb ...,,.., ... l03- l l.5 ... 050 "' "' OIM Cl.OJ 0 ,7> Nbt l f)x t: , .. nAJ 7' •~, ASME BPVC Section II, 
EIU IO " '""' "" 11..5 11..5 o., ,m o., ... fl.OJ ti.OJ 0.7' 
l· R4 10N1f1,1'1 ~ IIIMI .. ,. 11,0..1:, .- ,o...~ n . .....,, •• ., ""' O.IH 0.11 pg. 279 1:.ru20 S,1'JO(J 1.>.lS--0.-40 ll.0--14(1 ... o.n 4U» ·~ UOJ O,OJ. 0.7:! 
ER,110 """° 010 I.L""l71J ... OH o., ., 0.0] 0.00 0.7' 
F.R4 l9 S414W ... IT.fl-19.ll .. , ... .. , ., 0.0.l O.lU 0,7> n IDxC ,a.nJI I •u . 
1:.11: 1-lol. M .... ,,.1 OOI S ~ Jl--21"i 0 1'\-.l~"IJ '" •• 11 0= O.Ul ucu, 
ER!i...10 sn"w .. , l6ll)-- tf, 1' U---!i il o.u 02.5-01.S 07' 0,41] Cl.OJ \ l.S-4 00 , .. O.U--0"1(] 
ERP> HIi i SJO<,O IU)l.-0.0!I 1.520..fl 'iHl ll.tl .. ,., 1.0 !..O 1•.JO~.M U.Ol OJU o.~ Nb• (I.~ 

1l tl,ir.t 

~~= SI 010 l• .5--l ti...5 l.S-\tS 1.0-:?.0 I 0-!.0 O.JO---O.M O.OJ 0.0} "·" 

Part C 
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TABLE J2.5 
Available Strength of Welded Joints, 

ksi (MPa) 
Nominal Ehcllvo 
StreH A""' 

Load Type and (F,,p or (A-or Raquhd FIiier 
Direction Re-l'atfve Pertinent Faw), A..), Metal StrengU, 

toWolclAxls Matal o a,,a n k1I (MPa) in.'(mm') Lev.,...~ 
COMPI.ETE-JO!NT•PENETRATION GROOYE WELDS 

Motchlog -- 1h11 
be used ForT~arm 

r ........... Strength OI lhe Joln1 Is controlled corn&r,fotnts"" badclng 
NOf'mal to wekt aJ(lS by ltle base motal. kin In place. A0ldl tough 

Mier me}aJ ts: ~ed. 
See Sedion .f'.2..6. 

Filk!r metalWldla. 

~ S~ oC lhe Joint lo oontrollod "'• og•h - oquoJ lo 
NO<moltO-tJot by~t>tee meu,1 

.,.,.,. rtngdl-
loos lhon ....,...r,g 

rllta, metal .- pe,m.ued. 

Tension or Tension or~ In parts joirEd par.6!I 
Fillo<malal 1h. 

~ to a weld is permitted to be n~ "'"'"9:h -equalto 

ParaW 10 weld axis in de$9l d wetds f'Oining the PiM1S. 
or less d'lan ma-:dlin,g 

llller metal ,s pem,.tted. 

Shoat Sll'lnglb O! lhO )olnl Is contlClod Matcnlog-molal 
by lhO l>alo molal lhall bO UIOCI.! 

~✓OINT•PE NETRAllON GROOVE WElDS INClUOINO Fl.ARE v-o~ 
AND F\.AAf BEVEi. GROOVE waos 

Base • • 075 F', SeeJ4 r ... sm- !1=2.00 
Normal to weld BllliS t = 0.80 Weld {l: 1,88 0.60FEx.-, See.12.la 

cc,,,p-
COIIJl'lln lO - plate ComprN~W IUNa 11 perm llllcl 10 be neglecWd 
OOdCClumn ....... In dNlgo'I Cl welds joining me pa,11,. 

de.ignod ..... 
Sec;oon JU(a) 

Compressm- Base • • 0.90 F, SeeJ4 Comac:loons ., '1= 1.67 
members designed 

Filler metal wiU'\ a 

IObear-lhM • • 0.80 
strenglh~~I 

W ld 0.tiOF,u Sff J2 ,. toorlNslhan columnt n dMCribed Q 1.88 ma1on1ng ,.., molal 
In Secticn JI •lb) loper_., 

Comp(- Base • • 0.90 "• SHJ4 0 = 1,67 
C-no< 
ftnlshed-io-bear Wok! t = 0.80 

0.90.FE.lOI' SMt.12..ta 
0 = 1.88 

TensiQn or Ten5ion or QOll'1P'eS5IOI' in parts joined pemflel --- 10 • Wt!h:I it patlritted to be, no~ n ~n 
Parallel to 'ff9fd axil c, ..- jolnlng mo porta. 

Ba•• Gcwerned by J4 
$Mar • - 0.75 

Weld 
0 = 2.00 0.60Fu .w SeeJ2..1a 

TABLE J2.5 (continued) 
Available Strength of Welded Joints, 

ksi (MPa) 
Nominal Effective 
Straa• A"'• 

LoodType 1nd (F11siwor (A..,or Requl....S FIiler 
Direction Rolotlvo Po<tlnont F,,w), A .. ). -"' s1 .. ngth 

to Weld Ax11 Meal oona n kol (MPa) ln.1 (mm') LeveP"'I 

Fill.ET wa.DS INCLUDING FILLETS IN HOLES AND SLOTS "-ND SKEW6l T,JCMNTS 

Base Governed by J4 
Shear o = 0.75 FA:ir metal Mtl'l a - 0 =2.00 

0.G0FExx["I See J2.2a $2reogth level eqt1a.l 

loorle6$than 
Tension o, - ot ~assl<ln w, parts lolnod paralOI malening Nier metal 

co~essk>o- l0 a "Neid is pennitted to be neglected in design ispemmted. 
Parallel to w<eld aios of welds joining the parts. 

PLUG AND SLOT WELDS 

s,,,..,_ - Go¥orned by J4 -.meta1wt111a 
Paral1• I 10 f.1)-lng ~!Mlloqu I 

0 • 075 toor.._trian 
surtaoe on - 0.60Fu.w -= malehng rilll!r metal ·-· ... n • 2.00 

lo perffllltt(I 

~I Formatct1lnow'lldffiltal. ... AWS 01 ,1/01 1Mdluse 33 
~ FIiier metal wlfl I~.....,. CN'!ie- tcrilnglh -.,fll (163lt r lhM 11'1&!0\lngi • ~ 
t,11 Alie, meUI wuh • lfl'Ollglli ""41 lea lhan matcnlng ore p rrnltted to be L90CI IDf'QlfOOll"9 WOidt bftfWOtln 

lhe wobt and fllngN: ol tJulk4) MCIIOf"II lt\lnt fe-rrlng ahoilr lo.dJ, or lf'I ~ where hlQtl ref.l tr.int !J 
a concern. l:n ihese ~ . tt. weld ;aim shall be delailed and the weld ahal be designed using the 
lhlckne55 ~ Iha mat4!nlll as._~ mrnat. wni:ire o • 0 .BO. n • 1.88 andO.flDFEDcs the noffinal 
$lf61'1glh 

ti! The prOYISIOl'\S or Section R.4(b) are atso ac:ipllceble. 

from 
Section J2 
pgs. 16.1-123 through 16.1-124 
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TableA.3 
All-Weld-Metal Mechanical Property Requirements from AWS A5.4/A5.4M:2006 

r mile 1rcug1b, min. 1-JongHtinn. min. 
A IV.' blssiOCHtion ksi MP• ptrc.cnl IIClll Tr tulm ·nl 

"'20'). 100 690 I oone 
90 15 oone , 
100 15 none 

30 oone 
80 3 none 
80 3 none 
7 3 none 
80 35 oone 
75 .1 none 
80 30 none 
80 30 none 
75 30 none 
w none 
80 .10 none 
75 30 none 
II() 30 none 
9() 620 I oone 
80 50 () none 
95 660 22 oonc 
75 20 none 
7~ 20 3 oone 
10 490 .10 none 
80 50 20 none 
80 ~ oonc 
75 2() none 
80 5<1 25 none 
l!O ~) 0 oonc 
7~ 20 0 none 
75 20 none 
90 620 10 none 
75 20 ,!) none 
100 690 2. none 
75 20 30 none 
75 20 .lO none 
65 451) 20 • 
75 20 20 I> 
I IO 7<,0 I C 

M 450 20 II 

13 930 7 d 
1!0 so 3 none 
100 690 20 none 
100 ~ 2(J nont! 
110 7<,0 none 
110 7<,0 I none 
105 120 25 oone 

"I lt;a,t II) I.SOU '" to 7'f.,0 J. hotd lur 1wv huuf'\ I --01 • I. m1m114"'-). (111n.K::c o ,1 ,n II rJJC n<,t. c,ca•dm1 IOI) F f I J"lT h)ur10 
1 l • F t595., Jnnd:urcuol to ambicn,. 

" HC"..at 10 IJj() 14 t<i 1-K.M) ~f )7. C tu 760 I. hold 1(1( one hour (--0. • U mlcutcil, furnan: «x.!1 t a nilt' nae 10 c.'\tt't'd ~{ f 1J 10 J per hwr 10 
600 'l'll15' CJ.,,.i"""""''°"mlllc c 

CH I to I H)O .. F lO I 1so· F 159s •c kl 6.20· c I. hold fotOllC hourt-0. +IS min\11~). and rut' I I0 11bimL 
' Heiillo l875 ' Fto 1925° F [ IO!.~' C 10 1050° ]. boldforoocboul'[-0, +ISmmute>. IUlda.inoolco amt.icnt.onddJcnpm:Jj)IU1&10Dllardcn t I 135 ' F 

10 II ~ IMO C to bJO f, hold f<:.-1011, hoor; (--0, • I rnmute> l, lU1d oi,tool co ""' ,c t 
e ~oc l<•urw.l 111 W. A5.41A.$,.&M ...,,,.'()()11., but t\p.!i.1ed 10 he acktetl 1.0 dlie f l :-.1 tt\'U.14>0 or AW. 

A2. Classification System 

;\2.l The chemi cal co mposition of the fill er metal is ident ifi ed by a series of numbers ;ind. in some cases, chemical 
symbols. the letters L. H. and LR, or botli. Chemical srmbols are used to designate modificalions of basic alloy types , for 
example. ER308Mo. 111e letter " H'' denotes carbo n contem res tricted to tlie upper pan of the range thm is pecified for 
the standard grade of the specific fi ller me1al. The letter "L'' denotes carbon contem in the lower pan of the range 1hm is 
specified for the corresponding standard grade of fi ller metal. The letters .. LR" denote low res idual s (see A8.3 I ). 

A2.1.1 The firs t rwo designators may be "ER" for solid wire · that may be used as electrodes or rods: or they may be 
.;EC" fo r composite cored or stranded wires; or they may be ;'EQ•· for strip elec trodes. 

A2 .. l .2 The three• or four•digiL number, such as 308 in ER308, designates the nom inal chemical composition of the 
fil ler metal. 

1935 International Way 
Idaho Falls, ID 83402 

from 
AWS A5.9/A5.9M:2012, 
pg . 26 

from 
AWS AS.9, pg. 11 
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.f?we!d, := 2.00 

lweld:= 5 •4 in =20 in 

E 3 . 
thmat := - in 

16 

A we :=lweld . Ethroai = 3.75 in 2 

R w:t := max (P,.1 , V,.1 , T r1) = 1.61 ksi 

max(P,.2 , V r2 , T,.2) ,A 8M=l2.l kip 

max (P,,2 , V r2, T.,.2) · A we=7. 3 kip 

Worst case Factor of Safety, welded joints, Table J2.5, pg. 16.1-123 

Cross-sectional area of base material, pg. 16.1-122 

Length of weld, all-around welds on Drawing 1014726 

Minimum effective throat of groove welds, Table J2.l, Table J3.1, and 
Table J2.3, pg. 16.1-117 through 16.1-118 

Effective area of the weld, pg . 16.1-122 

Maximum nominal stress of base metal, FEA calculated NLC see 
Appendix A and in this appendix pg. 77, 81, 84, and 85, pg. 16.1-122, 
weld material is limiting 

Compressive stress is most limiting, NLC 

Maximum nominal stress of base metal, FEA calculated ELC see 
Appendix Band in this appendix pg. 77, 81, 84, and 85, pg. 16.1-122, 
weld material is limiting 

Shear stress is most limiting, ELC 

Fu= 62.25 ksi Ultimate tensile strength, reduced as shown herein see page 4 of this appendix 

Yield strength, reduced as shown herein see page 4 of this appendix 

F El6.8.2 := 80 ksi . k yield Weld material ultimate tensile strength, reduced for temperature, see page 4 of this 
appendix, FExx is from Table A-3 

S weld := min (F1, ,Fy, F El6 . . z • 0.6) = 23.3 ksi Yield strength (ksi) of base material is most limiting 

Available strength of welds in kips 

F weld . 
P a weld :=--= 43.7 kip 

- ilweld 
Allowable weld strength 

R w2_kip := max (R-w2 · ABJ,,t ,Pa...eLC) = 30.4 kip 

Required Weld Strength, NLC 

Required Weld Strength, ELC 

Rw1_kip 
DCweldflLC :=---= 0.47 

P a,_weld 
Demand to capacity, weld strength NLC, less than 1, acceptable 

Demand to capacity, weld strength ELC, less than 1, acceptable 
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1935 International Way 
Idaho Falls, ID 83402 

8. Chapter NK - Additional Requirements for HSS and Box-Section Connections 

B := 6.01 in 

B 
- =17.2 
t 

Design thickness for SxS HHS 

Yield strength of Sx5 HHS's 

SxS HHS diagonal width 

SxS HHS branch width 

Effective width of elements perpendicular to longitudinal axis, equation Kl -1, 
less than Bb and therefore acceptable 

Since B >15 , equation K3-9 is N/A, See Section K-1, pg. 16.1-150 
t -

Equation K3-8 and limit state for shear of chord side walls in the gap region are N/A, since the chord and branch are 
square. Equations K3-7 thru K3-13 are N/A because there are no overlapping nor gapped K-connections in the RSF, 
see pg. 16.1-155 through 156 
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TABLE K3.2 

1935 International Way 
Idaho Falls, ID 83402 

Available Strengths of Rectangular 
HSS-to-HSS Truss Connections 

Conneotion Type 

Gawed K-ConnectiOns 

[lK3_7 := 1.67 

H:=5 in 

Connection Aveileble A•ial Strength 

Umit State Chord Wal Plastilicauon. tor all Jl 
Pnsin8 ~ F112(9.8Jl..rt"~)O, (K3-7) 

, 0.90 (LFIFD) n 1.67 (ASD) 

Limit State: Shear Yleld•"9 (punctl,ng), when B0 < 8 - 21 

This limil state neod not be chocked lor square branchos. 

Pnsin8 : 0.6F~1B (211 -+ ll jl,op) (K3-8) 

, : 0.95 (LFIFD) !! = t.58 (ASD) 

Um,t State· Shear or Chord Side Walls In the Gap Region 

Oeterrmne PnSI 0 In a,;cordanoe wth Sect,on G4. 

This I mlt slate need not be checked tor square chords. 

I.knit State: Local Yielding of 8ranch/13tanches due lo 
Uneven Load Distnbutlon 

This llmft stale need not be ched<ed tor 
square branches or where Bl t l? 15. 

Pn • F-,,,J,. (2Hb +Bo ~ 8,, - 41!,) (K3-9) 

, = 0.95 (LRFD) n • 1.58 (ASD) 

from 
pg. 16.1-155 

Factor of Safety for chapter K, per Table K3.2 

Available Stress in main member, pg. 16.1-150 

0. 83 

Height of HSS Chord 

Effective width ratio, 5x5 square to 5x5 square, Table K3.2A, Additional 
Limits for Gapped K-Connections, pg. 16.1-157, f3eff ?. 0.35, acceptable 

S := Z = 9.958 in 3 Section Modulus, calculated herein 

P ,.01 :=Pr1 Required axial strength in the cord at the joint, on the side of the joint with lower compression 
stress, assuming all members have worst case required axial loading, NLC 

Pr02 := Pr2 Required axial strength in the cord at the joint, on the side of the joint with lower compression 
stress, assuming all members have worst case required axial loading, ELC 

l\l[rol :=M «_f."flLC = 37 kip •in 

lp rol M ro l I U1 := - - +-- =0.381 
Fe Fc· S 

FEA Calculated Moment, see FEA results in Appendix A with Normal Load 
Combinations (NLC) 

FEA Calculated Moment, see FEA results in Appendix B with Extreme Load 
Combinations (NLC) 

Utilization Ratio, equation K2-4 from Table K3.1, A e is used and already divided in 

p ro / NLC 

Utilization Ratio, equation K2-4 from Table K3.1, A e is used and already divided in 

p ro / ELC 
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(3 := 1 Width ratio, 5x5 square to 5x5 square 

1935 International Way 
Idaho Falls, ID 83402 

u. 
Qi 'J.' Yl := 1.3-0.4 •- = 1.148 - - - (3 

Chord Stress Interaction Parameter for T-, Y- and cross connections, 
equation K3-14 

U2 
Qi T Y2 :=l.3 -0.4 •- = 1.116 

- - (3 
Chord Stress Interaction Parameter for T-, Y- and cross connections, 
equation K3-14 

u. 
QJJ<l := 1.3-0.4• - = 1.117 

/Jeff 
Chord Stress Interaction Parameter for K-connections, equation K3-15 

1''2: 
I/ 

Chord Stress Interaction Parameter for K-connections, equation K3-15 

Chord Stress Interaction Parameter, tension, pg. 16.1-144, selected worst case (see Table K3.2 for chord 
in tension) for inputting into allowable K3-7 

I,. ...... •- ,,. ,,,. 
,E• .::, ::,. ~ C.:·J! 1,11 

~f:.600\!; 
0 .. 1 ... u ,: 1~.4:kl~,n lls.4AJl .. ., I 

tl :tO.OOOXlln l:l,{W r,n : 
Ot:.'t.1't!S.1'!11llm. :u 1.1;1 nra ] 

l-l l;:i1 1t;D,11,1. 1U.11J,1 .. ., j 
Talll l r,i9 r .:,.l,)01Q' in,zS..J lJ011'.1 [ 

ec from 
Solidworks RSF 
model 

el. & 0z 
from 
1014726, item 5 

- -----------~n--------------
ec:= 60° 

sin (ec) = 0.866 

Upper Brace, Drawing 1014726, Item 9, angle derived from SolidWorks model 

Cross Brace, Drawing 1014726, Item 5, Angle 1 

Cross Brace, Drawing 1014726, Item 5, Angle 2 

sin (01) = 0.616 Worst case angle is 0c 
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TABLE K3.2A 
Limits of Applicability ofTable K3.2 

Joint eccentricity; -0.55 s e/ H s 0.25 tor K-coonecllons 
Chord wan slenderness: Bit and Hit S 35 lor gapped K,connoctions and T•. 

Y-and cross-connec11MS 
Branch wan slenderness: B It s 30 for overlapped K-conne<:lions 

Hit s 35 for overlapped K-conneclloos 
Bt, l to and Ho/ Ii, s 35 for tensioo branai 

s 1.25 ~ for compression branch of gapped 
F'/0 K•, T•, Y· and cross-connoctions 

s 35 for compression branch of oapped K·. T•, 
Y· and cross-connectJons 

~ 1.1 (f for COfflpression b,anen of 
\ F,. overlapped K-connections 

Widlh ralio: B1,I Band Hbl B 2 0.25 lor T•. y. cross• and overlapped 
K-<:onnections 

Aspect ratio: 0.5 s H./Bt, S 2.0 and 0.5 S H/ B S 2.0 
Overlap: 25% s O, s 100% fo, overlapped K-connectrons 
Branch widlh ratio: Bbl/ 801 2: 0.75 tor overtapp,ed K-cxmooctions, wflere 

subscrlpl J refers 10 the overlapping branch 
and subScript / refers to the overlapped brill1Ch 

Branch 1hlckness ratio: 1.,1 t,,1 s 1.0 for OYOrlapped K•connectlons, where 
SU0SCrip1 I refers 10 the overtapping branch 
and subscript ; refe,s to the overlapped branch 

Material strength: F, and F,. S 52 ksl 1360 MPa) 
Ductility: F,I F. and F,o/ F.,, s o.e Note: ASTM ASOO Grade C is acceptable. 

,.., l B ,H lor T• and Y-conoocllons End dislance: 

AddlUonel Limits for Gepped K•Connectlono 

Width ralio: ~&tld~ l O 1+ .l. 
B B ' SO 

p_. l 0.35 
Gap ratio: ~= g / B ~ 0.5(1 - p..,) 
Gap: g C:: lr, ~~lwanm+ fbllnJ;IOnlll:.x:II 

Branch sizo: smaller Ba i 0.63 (largor Sb), if both branches are square 

B 
7:= - = 8.616 

2 - t 

Bb 
- =0.832 
B 

Chord slenderness ratio, pg. 16.1-157 

B 
Width ratio, _ b > 0.25, acceptable B-

from 
pg. 16.1-157 

1935 Internationa l Way 
Idaho Falls, ID 83402 

1
2.50 1 

lend := 2.21 
0.80 

Distance from the near side of the connecting branch or plate to end of chord, Section Kl.1, 
pg . 16.1-150, values derived from Solidworks for T and K connections 

B• Vl - /3 = 0.000 in 

B 
- =17.233 
t 

H 
- =14 .337 
t 

H 
_ b =14.337 
t b 

Limits of Applicability of Table K3 .2, len,t ?.B • Vl- /3 , acceptable 

F 
Ductility ratio, Table K3.2, ___!!__ ~ 0.8 , acceptable 

F., 

B 
- < 35 , acceptable, from Table K3.2A t -

H 
-<35 , acceptable, from Table K3.2A 
t -

H 
_ b ~ 35 , acceptable, from Table K3.2A, for tension and compression branches 
tb 

B 
_b ~ 35, acceptable, from Table K3.2A 
t b 

Page 26 of 27 



TEM-10200-1, Rev. 12 
04/12/2021 ENGINEERING CALCULATIONS AND ANALYSIS ECAR-6584, Rev. 0 

Page 99 of 122 
Reactor Support Frame Analysis 

Appendix C 
Stress Allowable Calculations & Compliance 

1935 International Way 
Idaho Falls, ID 83402 

R,, c LC 
DCI< cflLC '= - = 0.21 

- P ,._K3_7 

R,,_c_;::w 
DC} c_ELC := -"-"-- 0.26 

- P ,._1<3_1 

Allowable axial strength for K joint, chord wall plastification, 
equat ion K3-7 in kips 

Al lowable axial strength for K joint, chord wall plastification, equation K3-7 in 
ksi 

Demand to capacity, K joint axial strength, NLC, < 1, acceptable 

Demand to capacity, K joint axial strength, ELC, < 1, acceptable 
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Convection Coefficient Calculations 
Convective Coefficient ca lculated as equivalent to vertical plate, since majority of RSF faces are vertical. 

Tiiot:= 325 °F = 436 K 

T col<l := 65 °C = 338 K 

Conservative hottest temperature expected in RSF is approximately 200F and 325F was 
selected as design temperature for conservatism, ECAR-6574, Reference 4 

Minimum RSF temperature, 65°C to prevent overheating concrete, per FOR-684 4.15.1 

Thot +T cold 
Tviate==---- 387.0 K Average "vertical plate" temperature assumed mean of hot and cold temperatures 

2 

T 00 := 40 °C = 313.2 K Air temperature, 40°C air temperature requirement from FOR-684, "Fundamental and 
Operations Requirements Transient Reactor Test (TREAT) Facility micro-Reactor 
Experiment Cell (TREXc)", Rev. C, Idaho National Laboratory, section 4.2.2 " . Micro Reacto 
Area Maximum Operating Temperature: The average internal air temperature of the micro· 
reactor area shall be maintained at or below 40°C (104°F) during reactor operation. " 

Pbysjcal propertjes of Air at 1atm pressure and 10°c, From Cengal and Cjmbala, pg, 930. 

p:= 1.127 kg 
m 3 

w 
katr == 0.02662 -­

m •K 

J 
C := 1007 --

p kg ,K 

_I'. m 2 
V := 1. 702 • 10 " -

s 

Equatjons from Incropera, pewjtt, Bergman, and Layjne, "Fundamentals of Heat and Mass Transfer," Sixth Edition, 
John Wiley and Sons Inc. : 

Lplate := 8 • in 

Pr:= ~ = 0. 73 
Q 

1 1 
{3:= - = 0.003 -

T00 K 

Thermal Diffusivity equation pg. 68 

"Vertical plate length" estimated as height of support frame 

Prandtl Number 

Equation 9.9, pg. 564 

Gr:= g •/3 • (Tvlate- T oo) Lvt«t/ G.47 • 10 10 

V • Q 
Equation 9.12, pg. 565 

Ra:= Gr· •Pr = 4.697 • 10 10 

1 

0.387 Ra 6 

Nu:= 0.825 +-------

kair W 
hc:=NU •--= 4.93 - 0 -

L plate m - K 

Equation 9.25, pg. 571 Ra>10" 9, use Equation 9.26 for Nusselt number 

= 413 .9 Equation 9.26, pg . 571 

Air heat transfer coefficient 
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Finite Element Analysis Thermal Report 

w. ~.':-.?. .t! 
..... ,c- ,, 

1935 International Way 
Idaho Falls , ID 83402 
Phone: 208.524.2286 
Fax: Fax: 208-522-4269 
https://www.walshengr.com/ 

Simulation of RSF 
Date: Tuesday, September 5, 2023 
Designer: Mat Floyd 
Study name: Thermal 1 
Analysis type: Thermal(Steady state) 

Table of Contents 
Model Information .... ... .... ... .. ... ... ........ .. . 2 

Study Properties ..... .. ... . ..... . .... . ... .. .. .... .. . 8 

Units .. ... . ...... .. ... .. ............... . ... .. ... ... .. . 8 
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SOLIDWQRKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 
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1935 International Way 
Idaho Falls, ID 83402 

Model Information 

Model name: RSF 
Current Configuration: Default<As Machined> 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Simulation of RSF 2 
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1935 International Way 
W,~,L .•. ,;:S::;:,.,.~.-••• ,ld~,a .. h=o~F~al~ls~, -ID_8_3_4_o2 _____________________ _ 

Mat Floyd 
9/5/2023 

Beam Bodies: 
Document Path/Date Document Name and Formulation Properties 

Modified Reference 
SolidBody 12{Tube (square) 

Section Standard-ansi inch/Al TS5X5X0.375(Tube (square) 
Tube (square)/5 SQ x .375 Wall 

C:\Users\mat. floyd\Docum TS6X6X0.375(Tube (square) 
Section Area: 0.0044758m " 2 

ents\PDMVault\MARVEL\R TS5X5X0.375(Tube (square) 
Length: 184. 15mm 

eactor Design\Analysis TSSXSX0.375(1 )[17)) 
Beam - Uniform C/S Volume:0.000824218m " 3 

Models\Reactor Stand\8-

~ 
Mass Density:8,030kg/m"3 

14-23\RSF.SLDPRT Mass:6.61847kg 
Sep 5 12:45:02 2023 Weight:64.861 N 

'I 
SolidBody 19(Tube (square) 

Section Standard-ansi inch/Al TS5X5X0. 375(Tube (square) 
Tube (square)/5 SQ x .375 Wall 

C:\Users\mat. floyd\Docum TS6X6X0.375(Tube (square) 
Section Area: 0.0044758m"2 

ents\PDMVault\MARVEL \R TS5X5X0.375(Tube (square) 
Length: 184. 15mm 

eactor Design\Analysis TSSXSX0.375(1 )[18)) 
Beam - Uniform C/S Volume:0.000824218m" 3 

Models\Reactor Stand\8-

~ Mass Density:8,030kg/m " 3 
14-23\RSF.SLDPRT Mass:6.61847kg 

Sep 5 12:45:02 2023 ~ ... , ~'-, 
Weight:64.861 N ~ ·,;,~ '-"1 

~ 

SolidBody 26{Tube (square) 
Section Standard-ansi inch/Al TS5X5X0.375(Tube (square) 

Tube (square)/5 SQ x .375 Wall 
C:\Users\mat. floyd\Docum TS6X6X0. 375(Tube (square) 

Section Area: 0.0044758m " 2 
ents\PDMVault\MARVEL \R TS5X5X0.375(Tube (square) 

Length: 184. 15mm 
eactor Design\Analysis TSSXSX0.375(1 )[19)) 

Beam - Uniform C/ S Volume:0.000824218m" 3 
Models\Reactor Stand\8-

~··~ 
Mass Density:8,030kg/m" 3 

14-23\RSF.SLDPRT Mass:6.61847kg 
Sep 5 12:45:02 2023 Weight:64.861N --~ '-"'' ...... 

SolidBody 31 (Tube (square) 
Section standard-ansi inch/Al TS5X5X0. 375(Tube (square) 

Tube (square)/5 SQ x .375 Wall 
C:\Users\mat. floyd\Docum TS6X6X0.375(Tube (square) 

Section Area: 0.0044758m " 2 
ents\PDMVault\MARVEL \R TS5X5X0.375(Tube (square) 

Length: 184. 15mm 
eactor Design\Analysis TSSXSX0.375(1 )[20]) 

Beam - Uniform C/ S Volume:0.000824218m" 3 
Models\Reactor Stand\8-

~ Mass Density:8,030kg/m" 3 
14-23\RSF. SLDPRT Mass:6.61847kg 

Sep 5 12:45:02 2023 ~ ,,.,-~~ 
Weight:64.861N 

~ ' "'' 

"" Section standard-ansi inch/Al 
C:\Users\mat. floyd\Docum 

SolidBody 21 {Tube (square) 
Tube (square)/5 SQ x .375 Wall ents\PDMVault\MARVEL \R TS5X5X0.375(Tube (square) 

Beam - Uniform C/S 
Section Area: 0.0044758m" 2 

eactor Design\Analysis 
TS6X6X0. 375(Tube (square) 

Length: 649. 507mm TSSXSX0.375(1 )[111) 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 3 
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SolidBody 27(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TSSXSX0.375(1 )[16)) 

SolidBody 30(Tube (square) 
TS5X5XO. 375(Tube (square) 
TS6X6X0.375(Tube (square) 

TSSXSX0.375(1 )[15)) 

SolidBody 17(Tube (square) 
TS5X5XO. 375(Tube (square) 
TS6X6XO. 375(Tube (square) 

TSSXSX0.375(1)[10)) 

P-

Beam - Uniform C/S 

Beam - Uniform C/5 

Beam - Uniform C/S 

Beam - Uniform C/S 

Beam - Uniform C/S 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Volume:0.00290706m • 3 
Mass Density:8,030kgtm• 3 

Mass:23.3437kg 
Weight:228. 768N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.004475Sm • 2 

Length:649.507mm 
Volume:0.00290706m• 3 

Mass Density:8,030kgtm• 3 
Mass:23.3437kg 

Weight:228. 768N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0 .004475Sm • 2 

Length: 649. 507mm 
Volume:0.00290706m· 3 

Mass Density:8,030kgtm • 3 
Mass:23.3437kg 

Weight:228. 768N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.004475Sm•2 

Length: 649. 507mm 
Volume:O. 002 90706m • 3 

Mass Density:8,030kg/m• 3 
Mass:23.3437kg 

Weight:228. 768N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.004475Sm• 2 

Length:460.892mm 
Volume:0.00206286m• 3 

Mass Density:8,030kg/m• 3 
Mass: 16.5647kg 

Weight: 162. 3 3 SN 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.004475Sm• 2 

Length:460.892mm 
Volume:0.00206286m• 3 

Mass Densit :8 030k tm• 3 

Mat Floyd 
9/5/2023 

Models\Reactor Stand\8-
14-23\RSF. SLDPRT 

Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\POMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat.floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Oocum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat. floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Se 5 12:45:02 2023 

Simulation of RSF 4 
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SolidBody 3(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0. 375(1 )[8]) 

SolidBody 5(Tube (square) 
TS5X5X0. 375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5X0. 375(1 )[5]) 

SolidBody 22(Tube (square) 
TS5X5X0. 375(Tube (square) 
TS6X6X0. 375(Tube (square) 

TS5X5X0. 375( 1 )[7]) 

P-

Beam - Uniform C/S 

Beam - Uniform C/5 

Beam - Uniform C/S 

Beam - Uniform C/S 

Beam - Uniform C/S 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mass: 16.5647kg 
Weight: 162. 3 3 SN 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m A2 

Length:460.892mm 
Volume:0.00206286mA 3 

Mass Density:8,030kg/mA 3 
Mass: 16.5647kg 

Weight:162.335N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length: 1,676.4mm 
Volume:0.00750323m· 3 

Mass Density:8,030kg/mA 3 
Mass:60.2509kg 

Weight: 590.459N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:1,676.4mm 
Volume:0. 007503 23m • 3 

Mass Density:8,030kg/mA 3 
Mass:60.2509kg 

Weight: 590.459N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:1,676.4mm 
Volume:0.00750323mA 3 

Mass Density:8,030kg/mA 3 
Mass:60.2509kg 

Weight: 590.459N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:1,676.4mm 
Volume:0.00750323m• 3 

Mass Densit :8 030k /mA 3 

Mat Floyd 
9/5/2023 

C:\Users\mat. floyd\Docum 
ents\POMVault\MARVEL\R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 

C:\Users\mat.floyd\Docum 
ents\PDMVault\MARVEL \R 

eactor Design\Analysis 
Models\Reactor Stand\8-

14-23\RSF. SLDPRT 
Sep 5 12:45:02 2023 
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1935 International Way 
Idaho Falls, ID 83402 

SolidBody 6(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6XO. 375(Tube (square) 

TS5X5XO. 375(1 )[1]) 

SolidBody 16(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5XO. 375(1 )[2]) 

SolidBody 18(Tube (square) 
TS5X5XO. 375(Tube (square) 
TS6X6X0.375(Tube (square) 

TS5X5XO. 375(1 )[3]) 

SolidBody 57(Tube (square) 
TS5X5XO. 375 (Trim/ Extend2 

) 

P-

Beam - Uniform C/5 

Beam - Uniform C/S 

Beam - Uniform C/5 

Beam - Uniform C/S 

Beam - Uniform C/S 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mass:60.2509kg 
Weight: 590.459N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m A2 

Length:2, 108.2mm 
Volume:0.00943588mA3 

Mass Density:8,030kg/mA 3 
Mass:75. 7701 kg 

Weight:742.547N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m A2 

Length:2, 108.2mm 
Volume:0.00943588mA 3 

Mass Density:8,030kg/m A 3 
Mass:75 . 7701 kg 

Weight:742.547N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:2, 108.2mm 
Volume:O. 00943 588m A 3 

Mass Density:8,030kg/mA 3 
Mass:75. 7701 kg 

Weight:742.547N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:2, 108.2mm 
Volume:0.00943588m A 3 

Mass Density:8,030kg/mA 3 
Mass:75. 7701 kg 

Weight:742.547N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758mA2 

Length:2,482.Smm 
Volume:0 .01 11224mA 3 

Mass 0ensit :8 030k /mA 3 

Mat Floyd 
9/5/2023 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

SolidBody 58(Tube (square) 
TS5X5X0.375(1 )[23)) 

SolidBody 60(Tube (square) 
TSSXSX0.375(1 )[21]) 

SolidBody 61 (Tube (square) 
TS5X5X0.375(1 )[12]) 

P-

SolidBody 
63(Trim/Extend1) 

Beam - Uniform C/S 

Beam - Uniform C/S 

Beam - Uniform C/S 

Beam - Uniform C/S 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mass:89.3125kg 
Weight:875.262N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m " 2 

Length:2,482.Smm 
Volume:0.0111224m " 3 

Mass Density:8,030kg/m"3 
Mass:89.3125kg 

Weight: 8 75. 262N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m" 2 

Length:2,482.8mm 
Volume:0.0111224m" 3 

Mass Density:8,030kg/m " 3 
Mass:89.3125kg 

Weight: 8 75. 262N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m " 2 

Length:460.892mm 
Volume:0.00206286m" 3 

Mass Density:8,030kg/m " 3 
Mass: 16.5647kg 

Weight: 162. 335N 

Section Standard-ansi inch/Al 
Tube (square)/5 SQ x .375 Wall 
Section Area: 0.0044758m"2 

Length:2,482.Smm 
Volume:0.0111224m " 3 

Mass Density:8,030kg/m" 3 
Mass:89.3125kg 

Weight:875.262N 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

S d P tu IY ropert1es 
Study name 

Analysis type 

Mesh type 

Solver type 

Solution type 

Contact resistance defined? 

Result folder 

Units 
Unit system: 

Length/Displacement 

Temperature 

Angular velocity 

Pressure/Stress 

P-

Thermal 1 

Thermal(Steady state) 

Beam Mesh 

FFEPlus 

Steady state 

No 

SOLIDWORKS document 

Mat Floyd 
9/5/2023 

(C : \Users\mat. floyd\Docurnents\PDMVaul t\MARVEL \Reactor 
Oesign\Analysis Models\Reactor Stand\8-14-23) 

SI (MKS) 

mm 

Kelvin 

Rad/sec 

N/m" 2 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 8 
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1935 International Way 
Idaho Falls, ID 83402 

Mat Floyd 
9/5/2023 

Material Pro erties 
Model Reference 

P-

Properties Components 

i----....:..:.N;:;;am"-'e.::.;:'-'-'S:;.;.A.:..;2=-4;.;;0..:3;.;.1.::.;6H"--__. Sol id Body 3 (Tube (square) 
Model type: Linear Elastic TS5X5X0.375(Tube (square) 

1------~1-l"'-so;;..;t;;...ro;...;..ic'------1 TS6X6XO. 375(Tube (square) 
Default failure Max von Mises TS5X5X0.375(1 )[8])(weldment_ 4) , 

>----c_r_it_e_ri_o_n:----1-S_t_re_s_s __ _____. SolidBody 4(Tube (square) 
Thermal Temp TS5X5X0.375(Tube (square) 

,___c_on_d_u_c_ti_vi__.__:...._d_e..__en_d_e_nt _ ___, TS6X6XO. 375(T ube (square) 
TS5X5XO. 375(1 )[9])(weldment_ 4), 
SolidBody 5(Tube (square) 

1---M-a-ss_d_e_n_s-it- :--+-"-=~;;..;;;.....:.._----1 TS5X5XO. 37S(T ube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(1 )[5])(weldment_ 4), 
SolidBody 6(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.37S(Tube (square) 
TS5X5X0.375(1 )[1])(weldment_ 4), 
SolidBody 11 (Tube (square) 
T55X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5XO. 375(1 )[ 6 ])(weldment_ 4), 
SolidBody 12(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.37S(Tube (square) 
TS5X5XO. 375(1 )(17) )(weldment_ 4), 
SolidBody 16(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5XO. 375(1 )[2])(weldment_ 4), 
SolidBody 17(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5XO. 375(1 )(1 OJ )(weldment_ 4), 
SolidBody 18(Tube (square) 
TS5X5XO. 375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(1 )[3])(weldment_ 4), 
SolidBody 19(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS5X5X0.375(1 )[18])(weldment_ 4), 
SolidBody 21 (Tube (square) 
TS5X5X0.375(Tube (square) 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 9 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

TS6X6X0.375(Tube (square) 

Mat Floyd 
9/5/2023 

TSSXSX0.375(1 )[11])(weldment_ 4), 
SolidBody 22(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0. 375(1 )[7])(weldment_ 4), 
SolidBody 24(Tube (square) 
TS5X5X0. 375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(1 )[13])(weldment_ 4) , 
SolidBody 25(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(1 )[14])(weldment_ 4), 
SolidBody 26(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TSSXSX0. 375(1 )[19])(weldment_ 4), 
SolidBody 27(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0. 375(1 )[16] )(weldment_ 4), 
SolidBody 29(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0. 375(Tube (square) 
TS5X5X0.375(1 )[4])(weldment_ 4), 
SolidBody 30(Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0. 375(1 )[15] )(weldment_ 4), 
SolidBody 31 (Tube (square) 
TS5X5X0.375(Tube (square) 
TS6X6X0.375(Tube (square) 
TS5X5X0.375(Tube (square) 
TS5X5X0. 375(1 )[20] )(weldment_ 4) , 
SolidBody 57(Tube (square) 
TSSXSX0. 375(Trim / Extend2) (weldment_ 4) , 
SolidBody 58(Tube (square) 
TS5X5X0.375(1 )[23])(weldment_ 4), 
SolidBody 60(Tube (square) 
TS5X5X0. 375(1 )[21] )(weldment_ 4) , 
SolidBody 61 (Tube (square) 
TS5X5X0. 375(1 )[12] )(weldment_ 4) , 
Sol id Body 63 (Trim/ Extend1) (weldment_ 4) 

Simulation of RSF 10 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Curve Data: 

p. 

12£1.11>--~>--~-----~ 
74..Sl 35321 631.61 5'10.1>1 1.l8U1 

•• 
Elastic Modulus in X vs Temperature 

T11t!1mal Eqnur.iiun Cuelt in X 11s T t'mpt!n1\urt1 

f Z.10lh 
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, .. 
Thermal Expansion Coeff. in X vs 

Temperature 
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Tensile Strength in X vs 
Temperature 
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•• 
Thermal Conductivi ty in X vs 

Temperature 

SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

G.oo--07~-->--~-----~ 
310.92 Sl:4.52 738.12 !lf)l.72 U 65.32 

,., 

Yield Strength vs Temperature 

.-.... · 
~OU - · -~,;..,.-~ --

"' ............. ~.,-:.·. t560.00·· ~= 
, /' . I......... . .. ,,,. 
J.,..,: / .. 

- j 
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., 

Specific Heat vs Temperature 

Simulation of RSF 11 
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Reactor Support Frame Analysis 

Thermal Loads 

Load name 

Temperature-
1 

P-

1935 International Way 
Idaho Falls, ID 83402 

Load Image 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Load Details 

Entities: 8 Joint s 
Temperature 325 

Fahrenheit 

Simulation of RSF 12 
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Reactor Support Frame Analysis 

Temperature-
2 

P-

1935 International Way 
Idaho Falls, ID 83402 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Entities: 4 Joint(s) 
Temperature 65 Celsius 

Simulation of RSF 13 
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Reactor Support Frame Analysis 

Convection -1 

P-

1935 International Way 
Idaho Falls, ID 83402 

Con~ie:ctlon co,t'flclent [Wl(rn"'-2.~J: 4.93 

BulkAmbi@ntT!mp!r:atur@ [Xe t11in (t::l): 311.2 

SOLID WORKS Analyzed with SOLIDWORKS Simulation 

Entities: 
Convection 

Coefficient: 
Time 

variation: 
Temperature 

variation: 
Bulk Ambient 
Temperature 

Time 
variation: 

Mat Floyd 
9/5/2023 

24 Beam s) 

4.93 
WI m' 2.K 
Off 

Off 

313.2 
Kelvin 

Off 

Simulation of RSF 14 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh information ! Mesh type 

Mesh information - Details 
Total Nodes 

Total Elements 

Time to complete mesh(hh;mm;ss): 

Computer name: 

p. 
SDLIDWORKS Analyzed with SOLIDWORKS Simulation 

I Beam Mesh 

1088 

1072 

00:00:01 

BLACKBIRD 

Mat Floyd 
9/5/2023 

Simulation of RSF 15 
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Reactor Support Frame Analysis 

1935 International Way 
Idaho Falls, ID 83402 

Mesh Control Information: 

Mesh Control Name Mesh Control Image 

Control-1 

Control-2 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mesh Control Details 

Entities: 8 Beam s 
Number of 55 
Elements: 

Entities: 4 Beam s 
Number of 50 
Elements: 

Mat Floyd 
9/5/2023 

Simulation of RSF 16 
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Reactor Support Frame Analysis 

P-

1935 International Way 
Idaho Falls, ID 83402 

Control-3 

Control-4 

SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Mat Floyd 
9/5/2023 

Entities: 8 Beam (s) 
Number of 30 
Elements: 

Entities: 4 Beam s 
Number of 20 
Elements: 

Simulation of RSF 17 
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Reactor Support Frame Analysis 

Study Resu Its 

Name 
Thermal1 

r-1~1n""".1;11Jr 

1935 International Way 
Idaho Falls, ID 83402 

T e 
TEMP: Temperature 

~ lti,• nllT"'.: ll' '.:'1'11 111 l (· L'l!f::1 .. 11-cA:: P.l:;:,: h t''.: :b -J 
""' l).T"- ll-••mol ll,n ..,d l 
TM ~~ip1l 

Min 
104°F 
Node: 815 

RSF-Thermal 1-Thermal-Thermal1 

P-
SOLIDWORKS Analyzed with SOLIDWORKS Simulation 

Max 
325 °F 
Node: 1 

Mat Floyd 
9/5/2023 

Simulation of RSF 18 
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Appendix E 

Tipping Analysis 
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Reactor Support Frame Analysis 

Tipping Analysis 1935 International Way 
Idaho Falls, ID 83402 

The purpose of this analysis is to determine the force that will initiate tipping of the Reactor Support Frame (RSF). 

w 
'••-... -:._-...--"":_-_-_-_-_-_-_-_-_-_-_-_~•-=---------,, 
I 
I 

t 
W := (16625+2500) lbf 

D1 := (89 - ll.18) in = 77.8 in 

W -D L 
F:=--= 39166 lbf 

D 2 

- ~ F 

-W•Dl + F•D2 = 0 

Solving for Force to t ip: 
F=W•D1/D2 

Weight of the equipment placed onto the RSF plus the weight of the RSF per 
Sol idworks Computer Aided Design (CAD). 

Horizontal location of CG per Solidworks CAD. 

Vertical location of CG per Solidworks CAD. 

Force required to start t ipping the RSF. 

F seismic == ,J (W • .377)2 + (W • .377) 2 = 10197 lbf Per seismic inputs per ECAR-6601, loading onto the RSF, 
less than force required to t ip, acceptable. Additionally, 
the RSF will be bolted down with 4 bolts per floor plate. 

F 
0.26 Demand to capacity for tipping, less than 1, acceptable. 


