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Professional Engineer’s Stamp

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. SSCID TBD
5. Project No. 33526
6. Engineering Job (EJ) or
Engineering Change (EC) EC 1755 Luke Andrew,, _
No Walsh Engineering Serv‘|ces
E 2023.09.21 15:14:14-06'00"
7. Building 720
8. Site Area MFC
9. Objective / Purpose

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 | ‘/iSg Sndineering See DCR 704404
Checker® Luke Andrew | 'VaISTLEngineering See DCR 704404
Independent Reviewer® Ben Coryell U710 See DCR 704404
CUI Reviewer® Mike Patterson C120 See DCR 704404
Manager? Brandon Moon U022 See DCR 704404
Requestor®' Yasir Arafat C120 See DCR 704404
Nuclear Safety Doug Gerstner H374 See DCR 704404
Document Owner' Brandon Moon U022 See DCR 704404
Reviewer' Carl Bailey U720 See DCR 704404

Responsibilities:

a.

~ 0o oo T

Confirmation of completeness, mathematical accuracy, and correctness of data and
appropriateness of assumptions.

Concurrence of method or approach. See definition, LWP-10106.

Concurrence with the document’s markings in accordance with LWP-11202.

Concurrence of procedure compliance. Concurrence with method/approach and conclusion.
Authorizes the commencement of work of the engineering deliverable.

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 patrtial 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.

< 71in.

89in.

— ) e

Figure 2: RSF Dimensions (side view)

(e} O o o

1.625 in

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 Ibs.
as shown in Figure 5. As described in Appendix C, the load was increased by approximately 10% to total
18,000 Ibs., 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.

d® Mass Properties = X

% FC5-1000-2@MRV-2000

MRV-2000.5LDASM

Options...

Override Mass Properties... Recalculate
ﬂ Include hidden bodies/components

D Create Center of Mass feature
[:] Show weld bead mass

Report coordinate values relative to: | RSF Seating Surface Plane e

Mass properties of MRV-2000
Configuration: Default
Coordinate system: RSF Seating Surface Plane
* Includes the mass properties of one or more hidden components/bodis
Mass = 16622.19 pounds
Volume = 141439.23 cubic inches
Surface area = 353131.23 square inches
Center of mass: [ inches )
¥=-028

¥ =0.00
Z=-11.18

Principal axes of inertia and principal moments of inertia: [ pounds * squ
Taken at the center of mass.

Ix = (-0.01, 0.00, 1.00) Px = 4911306.62

ly = (0.01, -1.00, 0.00) Py = 28457221.96

Iz =(1.00, 0.01, 0.01) Pz = 28536583.97

Moments of inertia: [ pounds * square inches )
Taken at the center of mass and aligned with the output coordinate syst

boc = 28532603.53 Ly = 487,71 Lxz = -306518.
Lyx = -487.71 Lyy = 28457224.90 Lyz = 306.78
Lz = -306518.32 Lzy = 306.78 Lzz = 4915284,

Moments of inertia: [ pounds * square inches )
Taken at the output coordinate system. (Using positive tensor notation.)

hot = 30610993.69 Ixy = 475.15 Iz = -254266.
Iyx = 475.15 lyy = 30536928.59 lvz = 806.18
Help Print... LCopy to Clipboard

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

N/A

5.

ASSUMPTIONS

The following assumptions were made:

mo o @ »o

n

7.

¢ 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.

e 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.

e 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.

COMPUTER CODE VALIDATION
Computer type: Blackbird

Operating System and Version: Windows 10 Pro Build 19045.2486

Computer program name and revision: SolidWorks 2022 Service Pack 4.0

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

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

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

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.

DISCUSSION/ANALYSIS

The RSF supports the entire weight of the MARVEL reactor (approximately 16,000 Ibs.) 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

Demand-to-Capacit Demand Capacity Demand-to-
pacity pacily Reference

Chapter

Description (ksi) (ksi) Capacity’
) ANSI/AISC 360-16
D Ui e L 13.94 0.09 Chapter D, Equation D2-1
. | ANSI/AISC 360-16
D Tension, ELC 175 0.13 Chapter D, Equation D2-1
i ANSI/AISC 360-16
E Compression, NLC 1.61 . 0.17 Chapter E, Equation E3-1
. ' ANSI/AISC 360-16
E Compression, ELC 1.96 0.20 Chapter E, Equation E3-1
n ANSI/AISC 360-16
F Flexure, NLC 37.0 138.9" 0.27 Chapter F, Equation F7-1
* | ANSI/AISC 360-16
F Flexure, ELC 47.7 0.34 Chapter F, Equation F7-1
ANSI/AISC 360-16
< SEED, (MLE 0.66 8.37 0.08 Chapter G, Section G1
) ANSI/AISC 360-16
G Shear, ELC 0.83 0.10 Chapter G, Section G1
Combined forces and ANSI/AISC 360-16
H Torsion, NLC 0.14 8.40 0.02 Chapter H, Equation H3-1
H Combined forces and 0.7 ’ 0.03 ANSI/AISC 360-16
Torsion, ELC ) ‘ Chapter H, Equation H3-1
Combined forces and s ANSI/AISC 360-16
H Torsion, NLC 0.4 1.00" 0.44 Chapter H, Equation H3-6
H Combined forces and 0.56" ) 0.56 ANSI/AISC 360-16
Torsion, ELC ) ‘ Chapter H, Equation H3-6
i ANSI/AISC 360-16
J Connections, NLC 20.6 sc03 0.06 Chapter J, Section J2
. | ANSI/AISC 360-16
J Connections, ELC 30.4 0.08 Chapter J, Section J2
ANSI/AISC 360-16
£
J Weld strength, NLC 20.6 a 0.47 Chapter ), Equation J8-1
) ANSI/AISC 360-16
¥
J Weld strength, ELC 30.4 0.70 Chapter J, Equation J8-1
i ANSI/AISC 360-16
K HSS to HSS Connections, NLC 1.61 s 0.21 Chapter K, Equation K3-7
. ’ ANSI/AISC 360-16
K HSS to HSS Connections, ELC 1.94 0.26 Chapter K, Equation K3-7
* Measured in kip-in.
t Unitless.
¥ Measured in kip.
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Table 2: Max Resultant Reaction Forces

Reaction forces

B wh -~ 00

28", 2018

o

AISC Steel Design Guide 27, Structural Stainless Steel

6. QT-WES-041, SolidWorks Simulation Verification, June 14", 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

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

Selection set Units Sum X SumY Sum Z Resultant

Entire Model Ibf -8997.12 | 28367.20 | 6299.85 | 30419.30
Reaction Moments

Selection set Units | Units Sum X SumY Sum Z Resultant

Entire Model Ibf-in | 19371.00 | 0.1893 | 31169.40 | 36698.30

Reaction forces

Selection set Units Sum X SumY Sum Z Resultant

Entire Model Ibf 0.0001 | 20600.70 | 0.0002 |20600.70
Reaction Moments

Selection set Units | Units Sum X SumY Sum Z Resultant

Entire Model Ibf-in | 17.2823 0.0000 | -17.2931 | 24.4485

REFERENCES




TEM-10200-1, Rev. 12
04/12/2021

ECAR-6584, Rev. 0

ENGINEERING CALCULATIONS AND ANALYSIS Page 12 of 122

Reactor Support Frame Analysis

Appendix A

Structural Analysis Results Report
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1935 International Way
Idaho Falls, ID 83402
Phone: 208.524.2286

@ WALSH Fax: Fax: 208-522-4269
SMEnEa s https://www.walshengr.com/

Simulation of RSF

Date: Tuesday, September 5, 2023
Designer: Mat Floyd

Study name: NLC

Analysis type: Static

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

Study Properties......c.ocoeviiiiiiiiiiiiins 8
HINits v v e 9
Material Properties ......cvovvvvvivvennennneannn.. 10
Loads and Fixtures ........c.ccoooviiieniiiinninnnn. 13
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SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 1
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Model Information

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

Z-
23

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation Simulation of RSF 2
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Beam Bodies:

Document Name and
Reference

Formulat
ion

Properties

Document Path/Date
Modified

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[13])

Beam -
Uniform
C/s

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

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

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])

Beam -
Uniform
c/s

Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:2,108.2mm
Volume:0.00943588m"3
Mass Density:8,030kg/m"3
Mass:75.7701kg
Weight:742.547N

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

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)
55Q X .375 WALL(1)[17])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m" 3
Mass Density:8,030kg/m*3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 4(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[7])

Beam -
Uniform
C/s

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

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

>
i

A
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 3
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SolidBody 5(Tube square
TS5X5X0.375(Tube (square) Section Standard-ansi inch/Al Tube
TS5X5X0.375(Tube (square) (square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 Eilsersnat-aveDocum
TS5X5X0.375(Al tube (square) Beam - Length:2,108.2mm ents\PDMValzllt\MARVEl‘_\R
5 SQ X .375 WALL{1][3]] Uniform Volume:0.00943588m"3 eactor Des‘lgn.\AnalySIS
N crs Mass Density:8,030kg/m*3 RAQEISREBELDE SLANA-
ﬁ _ 14-23\RSF.SLDPRT
e Mass:75.7701kg
A\ Weight:742.547N Sep 5 12:45:02 2023
J/%
SolidBody 6(Tube square
Eg;‘g;‘gg;g guge isquare; Section Standard-ansi inch/Al Tube
. ube (square square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Se(ctc::on As'ea: 3_0044758”'52 C:\Users\mat.floyd\Docum
TS5X5X0.375(Al tube (square) Baai - Length:460.892mm ents\PDMVault\MARVEL\R
55Q X .375 WALL(1)[9]) Uniform Volume:0.00206286m"3 eactor Design\Analysis
i C/S Mass Density:8,030kg/mh3 Models\Reactor Stand\8-
Mass: 16.5647kg 14-23\RSF.SLDPRT
Weight: 162.335N Sep 512:45:02 2023
SolidBody 8(Tube square
TS5X5X0.375(Tube (square) Section Standard-ansi inch/Al Tube
TS5X5X0.375(Tube {square) (square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat. floyd\Docum
TS5X5X0.375(Al tube (square) Bagit - Length:460.892mm ents\PDMVault\MARVEL\R
55Q X .375 WALL(1)[10]) Uniform Volume:0.00206286m" 3 eactor Design\Analysis
e /S Mass Density:8,030kg/m"3 Models\Reactor Stand\8-
- Mass:16.5647kg 14-23\RSF.SLDPRT
Weight: 162.335N Sep 5 12:45:02 2023
; Section Standard-ansi inch/Al Tube
SolidBody 9(Tube square l(square)IS $Q x ];75 wall u
TS5X5X0.375(Tube (square) Section Area: 0 0644758"'*2 C:\Users\mat.floyd\Docum
TS5X5X0.375(Tube (square) — Len th"1 8.4 15mm ents\PDMVYault\MARVEL\R
To0%6X0 375(Tube (square) | o iei Volume:0.000824218m"3 eactor Design\Analysis
TS5X5X0.375(Tube (square) /s Hiase De;'ns%t .8 030ke/m* 3 Models\Reactor Stand\8-
TS5X5X0.375(Al tube (square) Mass‘(:y.éa{s 47kg 14-23\RSF.SLDPRT
55Q X .375 WALL(1)[20]) Weig'l'lt:64 8615 Sep 5 12:45:02 2023
SolidBody 11(Tube square Section Standard-ansi inch/Al Tube C:\Users\mat.floyd\Docum
TS5X5X0.375(Tube (square) Beaii (square)/5 SQ x .375 Wall ents\PDMYault\MARVEL\R
TS5X5X0.375(Tube (square) Unifaris Section Area: 0.0044758m"2 eactor Design\Analysis
TS6X6X0.375(Tube (square) /s Length:2,108.2Zmm Models\Reactor Stand\8-
TS5X5X0.375(Al tube (square) Volume:0.00943588m"3 14-23\RSF.SLDPRT
55Q X .375 WALL(1)[2]) Mass Density:8,030kg/m"3 Sep 512:45:02 2023

>l
g
A
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 4
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Reactor Support Frame Analysis
r. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023

Mass:75.7701kg
Weight:742.547N

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[5])

Beam -
Uniform
c/s

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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 13(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)[15])

Beam -
Uniform
C/s

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
Woeight:228.768N

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

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[16])

Beam -
Uniform
C/s

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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 15(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[6])

Beam -
Uniform
c/s

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

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

>
i

A
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 5
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Reactor Support Frame Analysis
__ 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
SolidBody 16(Tube square
ggigigg;éguﬁ }Squafe; Section Standard-ansi inch/Al Tube
. ube {square square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Section Atea: 0.0044758m*2 E\sersimet flayd\Dacum
TS5X5X0.375(Al tube (square) | gaam - Length:1,676.4mm ents\PDMVault\MARVEL\R
55Q X .375 WALL(1)(8]) Uniform Volume:0.00750323m"3 sactor DesigmiArkalysts
c/s Mass Density:8,030kglm*3 Models\Reactor Stand\8-
Mass:60.2509kg 14-23\RSF.SLDPRT
Weight:590.459N Sep 512:45:02 2023
; Section Standard-ansi inch/Al Tube
SolidBody 17(Tube square (square)/5 SQ x .375 Wall
TS5X5X0.375(Tube (square) Section Area: 0 0644758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(Tube (square) B Lok gth'.1 8.4 15mm ents\PDMVault\MARVEL\R
T30x6X0. 3/5(Tube (quare) Uniform Volume:0 6008'24218m"3 eactor Design\Analysis
TS5X5%0.375(Tube (square) /s Mics De;ms%ty-s 030kg/m*3 Models\Reactor Stand\8-
TS5X5X0.375(Al tube (square) Mass: 6 .61,8 47K 14-23\RSF.SLDPRT
55Q X .375 WALL(1)[19]) Weigi'lt:64 8613 Sep 5 12:45:02 2023
SolidBody 18(Tube square
Egigigg;g g”; :square; Section Standard-ansi inch/Al Tube
; ube {square square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Se(cgon A:'ea: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(Al tube (square) Beam - Length:649.507mm e“tS\PDMVN_‘lt\MARVEl_-\R
55Q X .375 WALL(1)[11]) Uniform Volume:0.00290706m"3 eactor Design\Analysis
Y c/s Mass Density:8,030kg/m"3 Models\Reactor Stand\g-
Mass:23.3437kg 14-23\RSF.SLDPRT
Weight: 228.768N Sep 5 12:45:02 2023
SolidBody 19(Tube square
Egigigg;g g”gg {square; Section Standard-ansi inch/Al Tube
: ubeisquare /5 5Q x .375 Wall
TS6X6X0.375(Tube (square) Se(csgzzrilea: 3.3044758:1"2 C:\Users\mat. floyd\Docum
TS5X5X0.375(Al tube (square) | peam - Length:2,108.2mm ents\PDMVault\MARVEL\R
55Q X .375 WALL(1)[4]) Uniform Volume:0.06943588m“3 eactor Design\Analysis
A c/s Mass Density:8,030kg/m"3 MpdERhcacto) ST
Mass:75.7701kg 14-23\RSF.SLDPRT
Weight:742.547N Sep 5 12:45:02 2023

75Y
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 6
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Reactor Support Frame Analysis
: 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
SolidBody 21(Tube square
TS5X5X0.375(Tube (square) Section Standard-ansi inch/Al Tube
TS5X5X0.375(Tube (square) (square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 Eilsersnat-aveDocum
TS5X5X0.375(Al tube (square) | geam - Length:649.507mm ents\PDMVault\MARVEL\R
5 SQX .375 WALL” }[1 4]] Uniform Volume:0.00290706m"3 eactor Des‘lgn.\AnalySIS
- /S Mass Density:8,030kg/m"3 Models\Reactor Stand\8-
=y . 14-23\RSF.SLDPRT
e Mass:23.3437kg -45:
; e\ Weight:228.768N Sep 512:45:02 2023
SolidBody 24(Tube square Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall :
TS5X5X0.375(Tube (square) Section Area: 0.0044758m*2 C:\Users\mat.floyd\Docum
TS5X5X0.375(Tube (square) | o | erath: 184 1Emm ents\PDMVault\MARVEL\R
TS6X6X0.375(Tube (square) Uniform Volum e-go 6003'2 4218m"3 eactor Design\Analysis
TS5X5X0.375(Tube (square) /s shAEs De;'nsit -8 030ke/m"3 Models\Reactor Stand\8-
TS5X5X0.375(Al tube (square) Mass‘6y‘61’8 47kg 14-23\RSF.SLDPRT
5 5Q X .375 WALL(1)[18]) Weight:64 o Sep 5 12:45:02 2023
SolidBody 57(Tube (square) Secti?n Stan)cjl(asrcsléansi ;?;%AIUTUIJG
TS5X5X0.375(Al tube (square) square X. a .
5 5Q X .375 WALL(1)[23]) Section Area: 0.0044758m"2 i;gxg:&:tﬂm;%%c&?
Beam - Length:2,482.8mm cor DeslaniAnalvss
Uniform Volume:0.0111224m"3 Meacf l"RR e“f“ S’t‘a Y;\‘;
/s Mass Density:8,030kg/m*3 A o T e
Mass:89.3125kg 14-23\RSF.SLDPRT
Weight:875.262N Sep 5 12:45:02 2023
SolidBody 59(Tube (square) Secti?n Stan;i}asrcsi&ansi ;gg%&lﬂ‘l‘ube
TS5X5X0.375(Al tube (square) Square X. a . \ flovd\D
X TNAL T soctonAren G 0aasam2 | et foydbucun
G Beam - ength:2,482.8mm z ;
¥, % Uniform Volume:0.0111224m"3 o ori . i e
c/s Mass Density:8,030kg/m" 3
Mass:89.3125kg 14-23\RSF.SLDPRT
Weight:875.262N Sep 5 12:45:02 2023
ng;gggd%g?ﬂ-‘:bg {iq'-'am}) Section Standard-ansi inch/Al Tube
. ube (square square)/5 SQ x .375 Wall
55QX.375 Se(cgon Alea: 3'004475*3”.,2 C:\Users\mat.floyd\Docum
WALL(Trim/Extend2) Beam - Length:2,482.8mm ents\PDMVaultMARVEL\R
e Uniform Volume:0.0111224m*3 Mea:tf’:ges‘f“\‘;’t‘a'ﬁ\‘;
/s Mass Density:8,030kg/m" 3 R e onRT
Mass:89.3125kg -23\RSF.$
Weight:875.262N Sep 512:45:02 2023

SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 7
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B 1935 International Way
8} WALSH \aho Falls, 1D 83402

Mat Floyd
9/5/2023

SolidBody 61(Tube (square)} Section Standard-ansi inch/Al Tube
TS5X5X0.375(Al tube (square) (square)/5 5Q x .375 Wall
55Q X .375 WALL(1)[12]) Section Area: 0.0044758m"2
. Beam - Length:460.892Zmm
Uniform Volume:0.00206286m"3
c/s Mass Density:8,030kg/m"3

Mass:16.5647kg
Weight:162.335N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2

Beam - Length:2,482.8mm
Uniform Volume:0.0111224m"3
c/s Mass Density:8,030kg/m"3

Mass:89.3125kg
Weight:875.262N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Study Properties

Study name NLC

Analysis type Static

Mesh type Beam Mesh

Solver type Automatic

Inplane Effect: Off

Soft Spring: Off

Inertial Relief: Off

Incompatible bonding options Automatic

Large displacement Off

Compute free body forces On

Result folder SOLIDWORKS document
(C:\Users\mat. floyd\Documents\PDMVault\MARVEL\Reactor
Design\Analysis Models\Reactor Stand\8-14-23)

>
g
o9
SOLIDWORKS  Analyzed with SOLIDWORKS Simulation
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Reactor Support Frame Analysis

. 1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023
Units

Unit system: Sl (MKS)

Length/Displacement mm

Temperature Kelvin

Angular velocity Rad/sec

Pressure/Stress N/m"2

2
A
25

SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 9
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Reactor Support Frame Analysis
: 1935 International Way Mat Floyd
8} WALSH 4200 Falis, ID 83402 9/5/2023

Material Properties

Default failure
criterion:

Max von Mises
Stress

Yield strength:

Temp dependent

Tensile strength:

Temp dependent

Elastic modulus:

Temp dependent

Poisson's ratio:

0.31

Mass density:

8,030 ka/m"3

Thermal
expansion
coefficient:

Temp dependent

Model Reference Properties Components
Name: | SA 240 316H SolidBody 1(Tube square TS5X5X0.375(Tube
Model type: | Linear Elastic (square) TS5X5X0.375(Tube (square)
Isotropic TS6X6X0.375(Tube (square) TS5X5X0.375(Al

tube (square) 5 5Q 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 5Q 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 5Q 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]1)(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 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) 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)

»

75
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 10
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Reactor Support Frame Analysis

1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

TS6X6X0.375(Tube (square) TS5X5X0.375(Al
tube (square) 5 5Q X .375 WALL(1)[15])(RSF),
SolidBody 14(Tube square TS5X5X0.375(Tube
(square) TS5X5X0.375(Tube (square)
TS6EX6X0.375(Tube (square) TS5X5X0.375(Al
tube (square) 5 5Q 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) TS5X5X0.375(Al tube (square) 5 5Q X
.375 WALL(1)[19])(RSF),

SolidBody 18(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)[11])(RSF),
SolidBody 19(Tube square TS5X5X0.375(Tube
(square) TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square) TS5X5X0.375(Al
tube (square) 5 5Q X .375 WALL(1)[4])(RSF),
SolidBody 21(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)[14])(RSF),
SolidBody 24(Tube square TS5X5X0.375(Tube
(square) TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square) TS5X5X0.375(Tube
(square) TS5X5X0.375(Al tube (square) 5 5Q X
.375 WALL(1)[18])(RSF),

SolidBody 57(Tube (square) TS5X5X0.375(Al
tube (square) 5 SQ X .375 WALL(1)[23])(RSF),
SolidBody 59(Tube (square) TS5X5X0.375(Al
tube (square) 5 SQ X .375 WALL(1)[21])(RSF),
SolidBody 60(Tube (square) TS5X5X0.375(Al
tube (square) 55Q X .375
WALL(Trim/Extend2) (RSF),

SolidBody 61(Tube (square) TS5X5X0.375(Al
tube (square) 5 5Q X .375 WALL(1)[12])(RSF),
SolidBody 63(Trim/Extend1)(RSF)

»
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Analyzed with SOLIDWORKS Simulation
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Reactor Support Frame Analysis

Page 24 of 122

: 1935 International Way
& WALSH

..... »: ldaho Falls, ID 83402

Mat Floyd
9/5/2023

Curve Data:

Elsstic Modules in X vs Tempeastue

Elastic Modulus in X vs Temperature

Thermal Expansion Coell. in X vs Temperabure
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1935 International Way
Idaho Falls, ID 83402

Loads and Fixtures

Mat Floyd
9/5/2023

Fixture name

Fixture Image

Fixture Details

Fixed-1

Entities | 4 Joint(s)

Type: | Fixed Geometry

2

A

235
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF~ 13
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Reactor Support Frame Analysis

: 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023

Load name Load Image Load Details

Remote
Load/Mass
(Rigid
connection)-1

Connection
Type:

Rigid

Coordinate
System:

Loading CG

Translation
al
Component
5:

Rotational
Component
s:

Reference
coordinates

.

000 in

Remote
Mass:

18000 b

Moment of
Inertia:

0,0,0,0,0,0 lb.in"2

Gravity-1

Reference: | Top Plane

Values: | 0 0-386.22

Units: | in/s"2

>
£

7
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 14
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Mesh information
| Mesh type | Beam Mesh |

Mesh information - Details

Total Nodes 1246
Total Elements 1230

Time to complete mesh(hh;mm;ss): 00:00:02
Computer name: BLACKBIRD

2
A
25

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation Simulation of RSF 15
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Reactor Support Frame Analysis

ECAR-6584, Rev. 0
Page 28 of 122

1935 International Way
& WALSH | oo Falls, 1D 83402

Mesh Control Information:

Mat Floyd
9/5/2023

Mesh Control Name Mesh Control Image

Mesh Control Details

Entities: | 8 Beam (s)

Number of | 50
Elements:

AL U AL VBA WA WA AP

SRR GBIV LU RLRL < < RRLP,

Control-1
Entities: | 8 Beam (s)
Number of | 30
Elements:
Control-2

-
235

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation

Simulation of RSF 16
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Reactor Support Frame Analysis
1935 International Way Mat Floyd
& WALSH | o Falls, 1D 83402 9/5/2023

Entities: | 4 Beam (s)

Number of | 100
Elements:

=
5
Control-3 E
=
=%
5
i
¥
Entities: | 4 Beam (s)
Number of | 20
Elements:
...E‘
Control-4

- T ol WL A U

VUELPURA UGS B - = ALY

o ARG R

|
e
25

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation Simulation of RSF 17
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Reactor Support Frame Analysis

1935 International Way Mat Floyd

18 WALSH | dano Falls, Ib 83402 9/5/2023
Resultant Forces
Reaction forces

Selection set Units Sum X Sum Y Sum Z Resultant

Entire Model N -0.000976563 91,636.5 -0.000488281 91,636.5
Reaction Moments

Selection set Units Sum X Sum Y Sum Z Resultant

Entire Model N.m -0.00146484 9.43001e-06 -0.000244141 0.00148508
Free body forces

Selection set Units Sum X Sum Y Sum Z Resultant

Entire Model N 0 0 0 0
Free body moments

Selection set Units Sum X Sum Y Sum Z Resultant

Entire Model N.m 0 0 0 0

-
235
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JE 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
Beams
Beam Forces
Beam Mame Jointi AxialiN! Shear1(N) Shear_Z{_N} Momenﬂ(NﬁL Momentan.m! TorsuesN.ml
- -9.3d513e- | -5.36464e-
1 0.000275186 | -3,068.87 | -95.4428
iy Lh9d 2 05 05
- - -6.30085e-
2 344982 |  ooor75104 | 2868.41 -1,592.38 o 5.36464e-05
1 | 720.396 | 2,845.63 2,845.6 977.722 977.732 | 8.13777e-06
Peom Si{Tube bumee) 2 | 7ea5]| 271651 | amest | 238 | 2338 DeAgerier
3 118,239.2 | 2,716.51 2.716.51 1,057.44 | 1,957.44 | 6.584226-07
P — 1 1,447 | -1,156.01 18.8317 272.028 158,452 168.522
TSSK5X0.375(1)(211) 2 | 1,447 | 1,156.01 ~68.484 265.88 127.835 -168.522
1 1 39.932.5 | -582.594 584,263 80.0876 249.156 170,454
AL ) 2 38,7'76’5 -864.403 -75.2881 -338.189 -357.534 -95,4271
3 | 38,776.5 | 864,403 220,242 277.439 -367.009 95.4271
1| 720.367 | -2,845.62 | -2,845.65 | -977.734 977.724 | 2.62456e-05
Kook it igees) 2 | j76015] 27165 2,716.51 2,338.89 | -2,338.89 ‘1'23621 3e-
3 [18,239.2 | -2,716.51 | -2,716.51 1,957.44 | -1,957.44 | 1.23513e-05
1 : 870.961 | 8.46706e-05 | 2.13453e-05 | -769.493 | 4.71723e-05
Beam-54{Tube (sq 49,591.5
TSSXSX0,375(1)[9]) ot - - -
2 | 49,5915 | -1,071.42 8'43?533‘? 2.67922e-05 | 217.324 "'7:)7523‘"
1 | 49,5915 | 870.938 | o0.000127083 | 217 | 769.492 | 4.76953¢-05
OIS 0) 5.72058 4.76954¢
: - - -5. e- -4, -
2 49,5915 | 1974 | 0.000127098 05 217236 05
T T | 1,447 | 1,156.01 -18.8231 272.03 158.452 168.523
TSSXSX0.375(1}241) 2 1,447 1,156.01 -68.4927 -265.88 127.835 -168.523
1 | gsa003]| 30092 3,009.2 2,166.09 | -2,166.09 | 1.38119e-06
Poam- a8 Tbs tiuars) 2 127,759.4 | -2,730.37 2,730.4 921.937 IR Y P,
3 |6,905.45 | 3,009.2 -3,009.2 2,658.84 | -2,658.84 '1'331‘99'
1 | 38,776.5 | 864.404 75.2874 338.188 357.534 95.4257
SR 2 | 39,932.5 | -582.594 288.736 445.96 239.174 170.454
TS5X5X0.375(1)(5]) N
3 | 309325 | 582594 -584.266 -80.0852 249.156 170.454
T | 18,431 | -0.160562 | -7,312.18 | 2,403.35 | -0.0525814 | 9.53567e-05
A 7S5 - -9.53573e-
2 | 132306 | 00952311 | 711178 3,394.2 | -0.0456413 i

2,

L

7
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF

19



TEM-10200-1, Rev. 12

ENGINEERING CALCULATIONS AND ANALYSIS

ECAR-6584, Rev. 0

04/12/2021 Page 32 of 122
Reactor Support Frame Analysis
r. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
20,342.1 | -0.195081 8,869 -2,869.52 -0.0627944 )
wemeamey | BUE o 40 oz 0.000242211
TS5XEX0LITE(1)[16]) -
2 1301416 0.11641 -8,668.61 -4,179.54 || -0.0564479 | 0.000242212
1 | 38,776.5 | -864.403 -75.2903 338.189 357.534 -95.427
gt s 2 39,9'32‘5 -582.593 -584.27 -80.0841 -249.155 -170.454
3 39,932.5 582.593 288.739 445,962 -239.174 170.454
1 39,932.5 582.594 -584.26 80.0883 -249.156 170.454
s e 2 | ig7765 | 864404 -75.2852 -338.188 357.534 95.4258
3 138,776.5 | -864.404 -220.245 277.435 367.009 -95.4258
Beam-65(Tube (Gquare) 1 1,447 1,156.01 -18.8258 -272.031 158.451 -168.521
TSXSX0.375(1){23]) 2 -1,447 -1,156.01 -68.49 265.881 127.835 168.521
e ssrobe baare 1 -18,431 7,312.22 | 0.000118093 | 509115337 | 2-403.37 | 0.000102938
TSSXSX0.375(1}[11]) o =
2 |18,230.6 | 7,111.83 | ) 00iie0e | 0-00021026 3,394.22 | 4 ad0102929
1 | 27,759.4 | 2,730.39 -2,730.36 -921.925 -921.934 '5""%‘;479'
Beam-&7(Tube (square) = _4.94952e_
TSSXEX0.375(1)[4]) 2
2 6,340.13 3,009.2 3,009.2 2,166.09 2,166.09 06
3 [6,905.45 | -3,009.2 3,009.2 2,658.84 2,658.84 | 4.94952e-06
s s 1 | 20,141.6 | 0.115202 8,668.6 -4,179.53 0.0552154 | 0.000219421
TSSX5X0.375(11[14]) 2 -20,342 -0.193873 -8,868.99 -2,869.52 0.063056 -0.00021942
beame T (T e squars) 1 -1,447 1,156.01 -18.8166 272.033 -158.452 -168.522
TSSXEX0.275(1221) 2 1,447 -1,156.01 -68.4991 -265.881 -127.835 168.522
B Tubs (S4iiare) N P 1'44 1 -464.429 -410.059 -429.067 301.552 -59.8566
TSEHK5X0.375(1)[23]) L =
2 | 20,386.1 -126.641 410.059 -688.841 158.854 59.8573
Bean-83(Tube (square) 1 | 20,386.1 410.058 126.645 158.848 688.843 59,8579
TSEX5X0,375(1){21]) 2 0 0 0 0 0 0
Beam-84({Tube (sq 1 20,386.1 410.058 -126.644 -158.849 688.842 -59.8574
TSSKEX0.375(1)[24]) 2 0 0 0 0 0 0
1 | 34,498.2 | 0.00167513 -3,068.84 95.4334 | 0.000741015 | -0.00013064
Beam-85(Tube (square} =
TSIXIX0.375(1){12]) 2 -0.00167514 | 2,868.38 1,592.37 | 0.000211382 | 0.00013064
34,498.2
Beam-87(Trim/Extend1[1]) 1 21 ,144.1 464‘43 _410'058 _429'067 _301‘553 59'859
2 | 20,386.1 126.64 410.058 -688.841 -158.855 -59.8597
Beam Stresses
i : i Bending Bending Torsional Upper bound axial and
Dam: Mame Soints | Aalm'®) | oiripwnea) Dir2(N/m*2) (N/m"2) bending(N/m"2)
oo et 1 |7 70773406 -584,872 0.572668 -0.299737 8.2926e+06

>
i

A
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: 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
2 | s0mmeins | 3-798076+06 -0.386115 -0.299737 1.74658e+07
1 160,954 5.99147e+06 | 5.99153e+06 | 0.0454679 1.2144e+07
sea 0T qare) 2 | 3 950480406 | "1-43327€+07 | -1.43327e+07 | -0.00367878 3.2615%e+07
3 | 407506e:06 | 1-19952+07 | 1.19952e+07 | -0.00367879 2.80654e+07
Rais T e Ganars) 1 -323,294 1.66699e+06 -970,991 -941,580 2.96127e+06
TSSXSX0.375(1){21]) 7] -323,294 1.62931e+06 783,371 -941,580 2.73597e+06
1 | 8.92188e+06 490,776 -1.52682e+06 -952,373 1.09395e+07
s ) 2 8.6636e+06 | 2.07242e+06 | -2.19096e+06 533,177 1.2927e+07
3 || 8.6636e+06 | 1.70014e+06 | 2.24903e+06 533,177 1.26128e+07
1 160,947 -5.99154e+06 | -5.99148e+06 | 0.146641 1.2144e+07
seam 3T aare 2 | 3 950480406 | 143327407 | 1.43327e+07 -0.06901 3.26159%e+07
3 | 4.07506e+06 | -1-19952€+07 | -1.19952e+07 | -0.06901 2.80654e+07
o8 1 |1 10799e407 0.130804 4,71544e+06 0.263594 1.57954e+07
TSEXEX0.ITE(1H9]) =
2 |1 10799es07 | -0-164183 1.33176e+06 0.263594 1.24117e+07
maiiaepns 1 | .10799es07 | ©-0922382 4.71544e+06 | -0.266517 1.57954e+07
TS5X5X0.375(1)[10]) =
N ——— 1.33183e+06 | -0.266517 1.24118e+07
ki T 1 -323,294 1.667e+06 -970,991 941,586 2.96128e+06
TSSXSXD.75(1){24)) 2 -323,294 1.62931e+06 783,371 941,586 2.73597e+06
1 | 1.41654e+06 | 1.32738e+07 | -1.32738e+07 | -0.00771708 2.79641e+07
L 2 || 6.20212e+06 | 5.64962e+06 | -5.64956e+06 | -0.828289 1.75013e+07
3 | 1.54284e+06 | -1.62933e+07 | 1.62933e+07 || -0.00771707 3.41295e+07
1 8.6636e+06 | 2.07241e+06 | 2.19097e+06 533,170 1.2927e+07
e bimt i 2 [ 8.92188e+06 | 2.73284e+06 | -1.46566e+06 -952,374 1.31204e+07
3 | 8.92188e+06 490,761 1.52683e+06 -952,374 1.09395e+07
e rrobe b 1 | 4117930406 | -1-47277€+07 -322.218 -0.532844 1.8846e+07
TSSXSX0.375(1)[15]) &
2 | 4073160406 | 2-07996e+07 279.689 -0.532848 2.48731e+07
1 || -4.5449e+06 | 1.75844e+07 -384.804 1.35345 2.21297e+07
P SEXX0TS 16 :
2 | 4500120406 | "2:56121€+07 345.912 1.35346 3.01126e+07
1 8.6636e+06 | 2.07242e+06 | -2.19096e+06 -533,177 1.2927e+07
- e 2 || 8.92188e+06 490,755 -1.52682e+06 952,372 1.09395e+07
3 [8.92188e+06 | 2.73285e+06 | 1.46565e+06 952,372 1.31204e+07
1 | 8.92188e+06 490,780 1.52683e+06 952,375 1.09395e+07
e o 2 | 8.6636e+06 | 2.07241e+06 | 2.19097e+06 -533,170 1.2927e+07
3 || 8.6636e+06 | 1.70012e+06 | -2.24903e+06 -533,170 1.26127e+07
T 1 -323,294 1.667e+06 970,989 941,573 2.56128e+06
TS5X5X0.375(1)[23]) 2 -323,294 1.62932e+06 -783,370 941,573 2.73598e+06

r-’_
25
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r. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
a6t e 1 | 411793006 | -0-706744 | -1.47278e+07 | 0.575143 1.88458e+07
TS5XSX0.375(1)[11]) =
2 | 4073160406 -1.28847 2.07997e+07 | 0.575146 2.48729e+07
1 | 6.20212e+06 | -5.64954e+06 | 5.6496e+06 | -0.00313137 1.75013e+07
A Caate) 2 | 1.41654e+06 | -1.32738e+07 | 1.32738e+07 | 0.0276543 2.79641e+07
3 | 1.54284e+06 | 1.62933e+07 | -1.62933e+07 | 0.0276543 3.41295e+07
o t5rse s 1 | 4500126406 | 2-56121€+07 338.359 -1.2261 3.01126e+07
TS5X5X0.375(1)[14]) B
2 | 45448906 | ~1-75844e+07 -386.406 -1.2261 2.21296e+07
S 20T et 1 -323,293 1.66701e+06 970,990 -941,578 2.9613e+06
TSSKSK0.375(1)(22) 2 -323,293 1.62932e+06 -783,371 -941,578 2.73598e+06
R 1 | 4 724000+06 | 2-62932€+06 | -1.84791e+06 | -334,467 9.20132e+06
TSEXSX0.375(1)[23]) -
2 | sesiriests | 412121406 973,452 -334,470 9.7494e+06
i —_— 1 ; -973,422 4.22122e+06 -334,481 9.74938e+06
P TSSXEX0 75(N21]) 4.55474e+06
2 0 0 0 0 0
seam (Tt cyare L 973,422 4.22122e+06 334,478 9.74938e+06
2 0 0 0 0 0
a5t e 1 | 7.70773e+06 -584,815 4.54093 0.730003 8.29254e+06
TSEX5X0.375(1)[12]) -
2 | 770773606 | 9-75801€+06 -1.29535 0.730003 1.74657e+07
| 1 | 472409006 | "2-62932¢+06 | 1.84792e+06 334,449 9.20133e+06
Beam-87(Trim/Extend1[1])
2 | 4554740406 | 422121€406 -973,462 334,452 9.74941e+06

>
i
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1935 International Way

Mat Floyd
& WALSH | qano Falls, I 83402 9/5/2023
Study Results
Name Type Min Max
Tension-Compression Axial P/A -1.61ksi 1.29ksi
Element: 267 Element: 593
Medal narme: RSF
Srucy name: NLC[-Default <8 Machined=-)
Pleit mype: &icial stress (PUA] Tension-Compressian
Creforrnation scale; 19
Bcind PAR (ki)
130
' 100
. an
. 04z
- BRAEH
-01E
-0Aas
07
I -1.03
-1.32
-1.6
RSF-NLC-Stress-Tension-Compression

2,

b

7
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Reactor Support Frame Analysis

. 1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Name Type

Shear-Moment Plot1 Moment about Dir1

. . . i Mornent asbout DirT (If.in)
= % 36992
1 ; ; j i ' 29504
L E <
; <5 . N
47

7308

-7398

=14797
-22195
-2
-36002

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

Z-
25
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
1 WALSH |12t Falls, 1D 83402 9/5/2023
Name Type
Shear-Moment Plot2 Moment about Dir2

Boment about Dir2 (bfin)
300641
III':E‘EB#
_ 19327
13969
BE12
3254

=203

-1281e
-18175

23533

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

|
Z-
25
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

Name Type Min Max
Shear 1 Shear in DIR 1 -0.22ksi 0.54ksi
Element: 370 Element: 856

RSF-NLC-Stress-Shear 1

Shearin DIR 1 (ksi)

054

l 047
_ 039

. on

. 0.24
016

0.08

om
-0.07
-013

-0.22

2,

b

7
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1935 International Way

Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023
Name Type Min Max
Shear 2 Shear in DIR 2 -0.54ksi 0.66ksi
Element: 519 Element: 556
Shear in DIR 2 (ksi)
0.66
l 054
_ 042
. 030
018
0.06
0.06
018

RSF-NLC-Stress-Shear 2

2

A
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

Name

Type Min

Max

Torsional

Torsional -0.14ksi

Element: 419

0.14ksi
Element: 743

RSF-NLC-Stress-Torsional

Tarsional {ksi)

014

l 0I11

0.00
-0.03
-0.06

-0.08

-014

2
4

7
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: 1935 International Way Mat Floyd
& WALSH | qano Falls, I 83402 9/5/2023
Name Type Min Max
Displacement1 URES: Resultant Displacement 0.000in 0.028in
Node: 39 Node: 409
URES {in)

RSF-NLC-Displacement-Displacement1

0.100
0.090

. 0.080
. 0070
| 0060
0.050
0.040
| 0.030
0.020
0.010

0.000

.l
4

7
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Reactor Support Frame Analysis

1935 International Way

Idaho Falls, 1D 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: ELC

Analysis type: Static

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

Material Properties ......cvovvvvvivvennennneannn.. 10
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Reactor Support Frame Analysis
. 1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Model Information

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

Z-
23
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1935 International Way

8} WALSH 2o Falls, Ip 83402

Mat Floyd
9/5/2023

Beam Bodies:

Document Name and
Reference

Formula
tion

Properties

Document Path/Date
Modified

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[13])

Beam -
Uniform
€IS

Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:460.892Zmm
Volume:0.00206286m" 3
Mass Density:8,030kg/m"3
Mass: 16.5647kg
Weight:162.335N

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

SolidBody 2(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[1])

-y \:\
T\ =

e\

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:2,108.2mm
Volume:0.00943588m"3
Mass Density:8,030kg/m"3
Mass:75.7701kg
Weight:742.547N

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

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)
55Q X .375 WALL(1)[17])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5SQ x ,375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m"3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 4(Tube square
TS5X5X0.375(Tube (square)
TS5X5%0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[7])

Beam -
Uniform
C/s

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

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

2

i
A

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation

Simulation of RSF 3
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; 1935 International Way
&} WALSH  dano Falls, ID 83402

Mat Floyd
9/5/2023

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[3])

AR

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:2,108.2mm
Volume:0.00943588m" 3
Mass Density:8,030kg/m"3
Mass:75.7701kg
Weight:742.547N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[9])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:460.892Zmm
Volume:0.00206286m"3
Mass Density:8,030kg/m"3
Mass:16.5647kg
Weight:162.335N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 8(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

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

Beam -
Uniform
Cc/s

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

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

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)
55Q X .375 WALL(1)[20])

Beam -
Uniform
Cc/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m"3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 11(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[2])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:2,108.2mm
Volume:0.00943588m"3
Mass Density:8,030kgim“3

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

>l
g
A
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 4
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Reactor Support Frame Analysis
__ 1935 International Way Mat Floyd
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Mass:75.7701kg
Weight:742.547N

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[5])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[15])

Beam -
Uniform
C/s

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

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

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[16])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 15(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
5 5Q X .375 WALL(1)[6])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

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

>
i

A
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 5
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Reactor Support Frame Analysis
__ 1935 International Way Mat Floyd
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SolidBody 16(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[8])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

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)
55Q X .375 WALL(1)[19])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m"3
Mass:6.61847kg
Weight:64.861N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 18(Tube square
TS5X5X0.375(Tube (square)
TS55X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[11])

Beam -
Uniform
Cc/sS

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

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

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])

Beam -
Uniform
C/s

Section Standard-ansi inch/Al Tube
(square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:2,108.2mm
Volume:0.00943588m"3
Mass Density:8,030kg/m”"3
Mass:75.7701kg
Weight:742.547N

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

SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 6
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1935 International Way

8} WALSH | Gaho Falls, I 83402

Mat Floyd
9/5/2023

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

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

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 23(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)[12])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:460.892Zmm
Volume:0.00206286m"3
Mass Density:8,030kg/m"3
Mass:16.5647kg
Weight:162.335N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

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

TS5X5X0.375(Al tube (square)
55Q X .375 WALL(1)[18])

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m"3
Mass:6.61847kg
Weight:64.861N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 42(Tube (square)
TS5X5X0.375(Al tube (square)
5 5Q X .375 WALL(1)[23])

o N
-

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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:875.262N

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

SolidBody 43(Tube (square)
TS5X5X0.375(Al tube (square)
55QX.375
WALL(Trim/Extend2)

>
£

4)_)
SOLIDWORKS

Beam -
Uniform
C/S

Section Standard-ansi inch/Al Tube
(square)/5 5Q 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:875.262N

Analyzed with SOLIDWORKS Simulation

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

Mat Floyd
9/5/2023

SolidBody 44(Tube (square)
TS5X5X0.375(Al tube (square)
5 5Q X .375 WALL(1)[21])

Beam -
Uniform

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:2,482.8mm
Volume:0.0111224m"3
c/s Mass Density:8,030kg/m"3

Mass:89.3125kg
Weight:875.262N

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

Beam -
Uniform

Section Standard-ansi inch/Al Tube
(square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:2,482.8mm
Volume:0.0111224m*3
C/S Mass Density:8,030kg/m" 3

Mass:89.3125kg
Weight:875.262N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Study Properties

Study name ELE

Analysis type Static

Mesh type Beam Mesh

Solver type Automatic

Inplane Effect: Off

Soft Spring: Off

Inertial Relief: Off

Incompatible bonding options Automatic

Large displacement Off

Compute free body forces On

Result folder SOLIDWORKS document
(C:\Users\mat. floyd\Documents\PDMVault\MARVEL\Reactor
Design\Analysis Models\Reactor Stand\8-14-23)

2

.

7
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 8
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Reactor Support Frame Analysis

. 1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023
Units

Unit system: Sl (MKS)

Length/Displacement mm

Temperature Kelvin

Angular velocity Rad/sec

Pressure/Stress N/m"2

2
A
25

SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 9
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Reactor Support Frame Analysis
: 1935 International Way Mat Floyd
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Material Properties

Model Reference

Properties

Components

Name:

SA 240 316H

Model type:

Linear Elastic
Isotropic

Default failure
criterion:

Max von
Mises Stress

Yield strength:

Temp
dependent

Tensile strength:

Temp
dependent

Elastic modulus:

Temp
dependent

Poisson’s ratio:

0.31

Mass density:

8,030
kg/m"3

Thermal expansion
coefficient:

Temp
dependent

SolidBody 1(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X
WALL(1)[13])(RSF),

SolidBody 2(Tube square
T55X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 SQ X
WALL(1)[1])}(RSF),

SolidBody 3(Tube square
T55X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS55X5X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 SQ X
WALL(1)[17]1)(RSF),

SolidBody 4(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X
WALL(1)[71)(RSF),

SolidBody 5(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X
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
WALL(1)[9])(RSF),

SolidBody 8(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5%0.375(Al tube (square) 5 SQ X
WALL(1)[10])(RSF),

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

.375

.375

.375

.375

.375

375

375

»

75
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF

10




TEM-10200-1, Rev. 12
04/12/2021
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ECAR-6584, Rev. 0
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q 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 5Q 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 5Q X .375
WALL(1)[5])(RSF),

SolidBody 13(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS56X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X .375
WALL(1)[15])(RSF),

SolidBody 14(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q 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 5Q 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)
TS5%5X0.375(Al tube (square) 5 SQ X .375
WALL(1)[19])(RSF),

SolidBody 18(Tube square
T55X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)

»

7Y
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF - 11
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

TS6X6X0.375(Tube (square)
TS5%5X0.375(Al tube (square) 5 5Q 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)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X .375
WALL(1)[14])(RSF),

SolidBody 23(Tube square
TS5X5X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X .375
WALL(1)[12])(RSF),

SolidBody 24(Tube square
TS5X5%0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5%5X0.375(Al tube (square) 5 SQ X .375
WALL(1)[18])(RSF),

SolidBody 42(Tube (square)
TS5X5X0.375(Al tube (square) 5 5Q X .375
WALL(1)[23])(RSF),

SolidBody 43(Tube (square)
TS5X5X0.375(Al tube (square) 5 SQ X .375
WALL(Trim/Extend2)(RSF),

SolidBody 44(Tube (square)
TS5X5%0.375(Al tube (square) 5 SQ X .375
WALL(1)[21])(RSF),

SolidBody 45(Trim/Extend1)(RSF)

-

7Y
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 12
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: 1935 International Way
& WALSH

..... »: ldaho Falls, ID 83402

Mat Floyd
9/5/2023

Curve Data:

Elsstic Modules in X vs Tempeastue

Elastic Modulus in X vs Temperature

Thermal Expansion Coell. in X vs Temperabure
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Loads and Fixtures
Fixture name Fixture Image Fixture Details

Entities: | 4 Joint(s)
Type: | Fixed
Geometry

Fixed-1

|
2
£
7
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. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
Load name Load Image Load Details
Connection Type: | Rigid
Coordinate System: | Loading CG
Translational | ---,---
Components:
Rotational | ---,---,---
Components:
Reference | 000 in
coordinates:
Remote Mass: | 18000 lb
Moment of Inertia: | 0,0,0,0,0,0
Remote b.in"2
Load/Mass
(Rigid
connection)-1
Reference: | 10 deg plane
Values: | 531.826 145.605
-145.605
Units: | in/s"2
)
. 8
Gravity-1 \h
)
L]
&
2
i
7
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Mesh information
| Mesh type | Beam Mesh |

Mesh information - Details

Total Nodes 1164

Total Elements 1148

Time to complete mesh(hh;mm;ss): 00:00:02
Computer name: BLACKBIRD

2
A
25
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Mesh Control Information:

Mesh Control Name Mesh Control Image Mesh Control Details

Entities: | 8 Beam (s)
Number of | 50
Elements:

S TELAUREL el O R e b

Control-1 ¥
i
[
3
N
Entities: | 8 Beam (s)
Number of | 30
Elements:
Control-2

]
-
ﬁ
2
<
X
"i .,
-

& ey picne

ek Ub e U R RO RO U - WA, <

SR RO R IR L - = LA

|
-2
£
7
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: 1935 International Way Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023

Entities: | 4 Beam (s)

Number of | 80
Elements:

Control-3

U i USRI VUL RL - SR oy

I Sy pivietam

SOt oL DR MR ) B - A, 3

<RI PLEL VL LR UALROL A B -, < AL P

Entities: | 4 Beam (s)

Number of | 20
Elements:

AL AR

P - PR A

Control-4

AR

g

&

-

B

-

=

%

%
.
3

FLh U Dol LR R
P& Segr pirra

=L S FURA e U e Ll

|
>
£
o9
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: 1935 International Way Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023

Resultant Forces

Reaction forces

Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N -40,021.2 126,184 28,023.1 135,312

Reaction Moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 2,186.52 -0.00244522 3,523.8 4,147.05

Free body forces
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N 0 0 0 0

Free body moments
Selection set Units Sum X Sum Y Sum Z Resultant
Entire Model N.m 0 0 0 0

|
>
£
o9
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: 1935 International Way Mat Floyd
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Beams
Beam Forces

Beam Mame Joimi Axial!rd! Shean!Na ShearZ!Nt Momentt!N.m! MomentzsN.mt ansuesrl.m!
eamds(rube fsquare) Ts5x5x0.575(0137) |l —1-30:290.6 1 -2,125.53 | -6,705.27 | -608.956 440.188 104.704
2 130,309.2 | 2,020.28 | 6,429.24 | -3,124.85 738.363 -104.704

1 [-6,712.16 | 1,842.18 || 1,819.81 621.974 -726.728 3.36431

Beam-50(Tube (square) Tssxsx0.37s(0(1)) | 2 || -29,054.9 | -2,834.54 || -3,025.27 | -2,679.74 2,556.83 -2.65804
3 | 29,822.7 | 2,591.01 | 2,854.74 | -1,970.07 1,733.59 2.65804

R —— 1,154.91 | 2,574.63 | 2,586.58 | -1,179.25 509.038 100.941
2 1 -1,116.78 | -2,601.33 | -2,706.81 523.794 131.876 -100.941

1 53,959.8 | -407.407 | -900.563 214.708 124.038 -247.674

Beam-52(Tube (square) Tssxsx0.375(0)(7) | 2 || -47,884.5 | -1,466.65 | -405.288 | -293.524 -533.272 -84.0693
3 | 48,013.6 | 1,376.55 | -1.65732 462.686 -658.313 84,0671

1 739.134 | -3,817.01 | -3,839.4 | -1,122.88 1,018.12 -3.36392

Beam-53(Tube (square) Tssxsx0.375m(3p | 2 | -21,106.3 | 3,682.29 || 3,491.56 | 3,018.54 -3,141.44 2.65788
3 | 21,874.1 | -3,925.82 | -3,662.09 | 2,638.43 -2,874.91 -2.65788

I 1 -39,529.3 | -4,219.97 | -64.2181 -9.83887 -228.504 -14.2757
2 | 39,634.5 | 3,943.94 | 45.6594 -21.3965 2,549.29 14.2757
eam-56(Tube (square) TSSXSX0.375(1(10]) |} 60,195.2 | 1,330.29 | -64.2151 9.83826 917.265 -14.2757
2 -60,090 | -1,606.32 | 45.6563 21.3954 -82.4598 14,2757

st 37(rube quarey Tssxx0.s7s(ap N g 12 188:59 | 3,191.5 §2,134.52 | 1,034.74 -602.932 44,3875
2 1,161.88 | -3,229.63 | -2,254.76 | -491.234 -192.163 -44,3875

1 5,069.6 | -4,279.79 | 3,110.08 -2,175.39 -3,108.29 48.0352

Beam-59(Tube {square) TS5X5X0.375(1)[2]) 2 20,828 | -3,583.48 | 2,718.85 1,052.21 899.183 41,3435
3 -4,291.15 | 4,032.89 || -3,282.96 -2,949.89 -3,555.96 -48.0352

1 30,034.3 276.86 | -1,136.39 296.882 -186.983 260.193

Beam-60(Tube square) TS5X5X0.375(1)[5]) 2 26,675.6 | -794.638 | 1,525.31 1,123.24 275.193 -231.039
3 |-26,546.5| 704.111 | -1,932.26 | 325.822 352,933 231.041

1 22,591 100.336 | -7,915.98 2,822.82 -14.9566 -23.4193

peame1(Tube (auare) TROX0 730D I 1722,200.8 | -74.1656 | 7,745.24 | 3,472.04 85.0986 23.4194
1 24,360.6 | 1,036.25 10,776 -3,452.81 61.1707 65.1555

Beam-G(Tube auare) BTN =21 24,066 | -887.526 | -10,518.6 | -5,106.34 | 712.076 | -65.1563
1 47,825.2 | -1,457.52 | -185.881 380.104 520.07 -86.0919

Beam-63(Tube {square) TS5X5X0.375(1)[6]) 2 -53,194.8 | -539.043 | -667.91 -255.838 -168.54 -213.092
3 53,104.4 | 410.276 260.964 645.131 -229.319 213.089

1 27,311.5 | 572.481 | -2,164.9 -366.949 -308.435 265.623

Beam-64(Tube (square) TSSX5X0,375(1)[8]) 2 -30,093.6 | 285.997 -1,355.8 -210.302 200.186 258.171
3 30,003.2 | -415.237 | 948.854 1,176.18 93.7008 -258.167

1 1,666.89 | 5,778.96 | 371.726 -438.688 957.27 -336.324

peam-63(Tube Gauare) TEIXX0 7Y 1" 1,693.6 | -5,817.09 | -491.96 | 331.742 478.61 336.324
1 -20,436.6 | -10,772.6 | -100.51 14,8949 3,155.02 -23.4201

peamSeTube (eauare) RO 5 1720,265.9 | 10,391.5 | 74.2695 | -85.1455 5,351.67 | 23.4203
1 32,549.6 | 2,157.57 | -3,022.2 -741.485 -894.51 -41.3429

Beam-67(Tube {sguare) TS5X5X0.375(1)[4])

2 | -7,044.38 | 2,855.41 | -4,025.12 | 2,879.28 1,946.38 -48.0352

.

25
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3 | 7,822.82 | -3,102.31 | 3,852.24 | 3,435.97 2,829.9 48.0352
Beorm-69(Tube (square) TSSXX0.378(){14]) |—1) 23,109.9 | 887.809 | 10,919.5 | -5,395.68 712.215 -65.1564
' 2 | -23,367.3 -1,036.73 | -11,214 | -3,500.65 61.3219 65.1556
— 35,623.7 | -2,125.51 | -5,418.64 | 416.942 -440.18 104.699
' 2 | -35,605.1 | 2,020.25 | 5,142.61 | 2,585.35 -738.354 -104.699
Seeen-73(Tube fsquare) TssibD.7s 122y |4 -12700:57 | 5,162.12 | -80.3341 294.175 -863.382 -279.771
' 2 | 1,738.71 | -5,188.82 | -39.8999 | -299.182 -418.323 279.771
e e BB ] 5,410.3 | -932.282 | -279.355 | -411.344 577.345 -72.3651
' 2 1-6,195.93 | -212.669 | 573.298 -750.913 403.554 72.3646
1 2,339.4 | 585.376 | -203.106 | -397.927 731.034 -81.9993
Beam-79{Tube {square) TSSXSX0.375(1)[24])
2 | -3,202.41 | -165.614 | -842.577 | -473.745 292.628 81.9996
P — 51,632.6 | 638.724 | 189.496 143.817 1,182.31 57.0979
' 2 | -52,934.4] -932.679 | 293.188 -2.34742 959.674 -57.0994
—— 1 ||-44,321.7 | 382.922 | -1,046.44 | -1,078.41 -101.277 47.4678
2 | 43,097.2 | 199.057 | 626.645 | -1,202.19 -149.449 -47.4661
Beam Stresses
. . " Bending Bending Torsional Upper bound axial and
Beam Hame oints | S Axial(/m 7) Dir1 (N/m"2) Dir2(N/m"2) (N/m*2) bending(N/m"2)
Lo e 1 . -3.73167e+06 | -2.69746e+06 585,009 1.31968e+07
nTssx;:g:?sE:{l)?1 k3 1] : 6.76765e+06
2 | -6.7718e+06 | 1.9149e+07 | 4.52468e+06 585,009 3.04455e+07
1 | 4 49966e+06 | 3-81145¢+06 | 4.45338e+06 18,797.3 9.76448e+06
A e ) N P 5 6es06 | ~1:64214e+07 | -1.56682e+07 -14,851.2 3.85812e+07
3 | 6.66311es06 | 1:20726€+07 | 1.06234e+07 -14,851.2 2.93591e+07
BT i) 1 -258,035 7.22642e+06 | 3.11938e+06 -563,982 1.06038e+07
TSIXIXO.375(121]) 2 -249,515 3.2098e+06 -808,133 -563,982 4.26745e+06
1 || 1.20559e+07 | 1.31573e+06 -760,104 -1.38382e+06 1.41317e+07
g 2 || 1.06985e+07 | 1.79871e+06 | -3.26789e+06 469,718 1.57651e+07
3 | 1.07274e+07 | 2.83534e+06 | 4.03413e+06 469,706 1.75969e+07
1 165,140 -6.88098e+06 | -6.23902e+06 | -18,795.1 1.32851e+07
O s 2 | 4715650406 | 1-84976e+07 | 1.92507e+07 14,850.3 4.24639e+07
3 | -4.8872e+06 | -1.61683e+07 || -1.76174e+07 14,850.3 3.86729e+07
sesm-satuse 1 | s.83178e+06 -60,292.5 1.40027e+06 -79,771.2 1.02923e+07
2 | -8.8553e+06 131,118 1.5622e+07 -79,771.2 2.46085e+07
1 -1,3449e+07 -60,288.7 5.62099e+06 79,771.6 1.91303e+07
X378 10 -
R P e 131,111 505,313 79,771.6 1.4062e+07
Beain57(Tube iguare) 1 -265,558 6.34086e+06 | 3.69476e+06 248,005 1.03012e+07
TSIXEX0.375(1){24]) 2 -259,592 3.01028e+06 | -1.17758e+06 248,005 4.44745e+06
seam-sotue 1 | 1 13267e+06 | 1:33308+07 | -1.90476e+07 -268,386 3.3511e+07
2 4,65348e+06 | 6.44791e+06 -5.51018e+06 230,998 1.66116e+07

>l
g
A
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3 -958,745 -1.80769e+07 | 2.17909e+07 -268,386 4.08265e+07
1 6.71037e+06 | 1.81929%e+06 1.14583e+06 1.45377e+06 9.6754%e+06
oS o 2 | 5.95996e+06 | 6.88323e+06 | -1.68638e+06 | -1.29088e+06 1.45296e+07
3 5.93112e+06 | -1.99663e+06 | 2.16277e+06 || -1.29089e+06 1.00905e+07
; ’ 1 5 -1.72982e+07 -91,654.1 130,865 2.24372e+07
e 5.04737e+06
2 | -4.9622e+06 | 2.12766e+07 -521,483 130,866 2.67603e+07
a2t e 1 | 5.447730406 | 2-11588e+07 374,853 -364,083 2.69764e+07
TS5X5X0.375(1)[16]) -
2 | 5 37693006 | -3-12916€+07 | -4.36359e+06 -364,088 4.10321e+07
1 || 1.06853e+07 | 2.32927e+06 | -3.18698e+06 -481,019 1.62016e+07
R e ) 2 1.1885e+07 | 1.56777e+06 | -1.03281e+06 | 1.1906e+06 1.44856e+07
3 | 1.18648e+07 | 3.95335e+06 | 1.40527e+06 || 1.19059e+06 1.72234e+07
1 || 6.10204e+06 | -2.24866e+06 | 1.89009e+06 || 1.48411e+06 1.02408e+07
peclitese ot by 2 | 6.72363e+06 | 1.28873e+06 | 1.22674e+06 | -1.44247e+06 9.23909e+06
3 || 6.70343e+06 | 7.20764e+06 -574,197 -1.44245e+06 1.44853e+07
e e B 1 -372,424 2.68827e+06 | 5.86614e+06 | 1.87914e+06 8.92684e+06
TSIXEX0.375(1[23]) 2 -378,390 2.03291e+06 | -2.93292e+06 | 1.87914e+06 5.34422e+06
oo 6Tube e 1| 4.56602¢+06 91,275.9 -1.93339e+07 -130,855 2.39912e+07
TSEXSH0.3TS()[11]) -
2 | 4527890406 521,771 3.2795e+07 -130,855 3.78447e+07
1 || 7.27237e+06 | -4.54381e+06 | 5.48155e+06 -230,994 1.72977e+07
e 2 | 1.57388e+06 | -1.76442e+07 | 1.19274e+07 268,386 3.11454e+07
3 | 1.74781e+06 | 2.10556e+07 | -1.73416e+07 268,386 4.0145e+07
a5t e 1 | 5 163310406 | 3-30646e+07 | 4.36444e+06 364,088 4.25924e+07
TSEX5X0.375(1)[14]) N
2 | 590082006 | 2-1452€+07 -375,780 364,083 2.70486e+07
1 : -2.55502 -2.69742 -585, 1.32116e+07
N— 7.959186+06 55502e+06 69742e+06 585,050 32116e+0
TS5X5X0.375(1)[12]) -
2 | 705503006 | 1:5843e+07 | 4.52462e+06 -585,050 2.83227e+07
Beam-72(Tubs (square) 1 -379,949 1.8027e+06 | 5.29079e+06 | -1.56316e+06 7.47344e+06
TSSXEX0.375(1){22]) 2 -388,469 1.83338e+06 || -2.56348e+06 || -1.56316e+06 4,78533e+06
Beam-78(Tubs (square) 1 || 1.20879e+06 | -2.52071e+06 || -3.53796e+06 -404,361 7.26747e+06
TSSXSX0.375(1[23)) 2 |1 1.38432e+06 | 4.60159e+06 || 2.47297e+06 -404,359 8.45888e+06
Beam-79(Tube (square) 1 -522,678 2.43849e+06 | 4.47977e+06 458,204 7.44094e+06
TN 372(I2A1) 2 -715,496 -2.90311e+06 || -1.79322e+06 458,206 5.41182e+06
oo e e 1| 1.15359e+07 -881,311 7.24516e+06 -319,058 1.96624e+07
TS5X5X0.375(1)[21]) -
2 i qweseiny -14,385 -5.88087e+06 -319,066 1.77221e+07
- 1 | 9.90253e+06 | ~6-60847e+06 620,625 265,215 1.71316e+07
Beam-81(Tr 11
2 | ¢2895e:06 | 7-36699€+06 -915,823 265,206 1.79118e+07
r-’_
25
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1935 International Way

8} WALSH | daho Falls, 1D 83402

Study Results

Mat Floyd
9/5/2023

Name

Type

Min

Max

Tension-Compression

Axial P/A

-1.95ksi
Element: 284

1.75ksi
Element: 195

RSF-ELC-5Stress-Tension-Compression

il /A (ksi)
175
l 138
.10
. 064
027
-0.10
-047
. 084
.21
-1.58

-1.95

2

4
7
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Reactor Support Frame Analysis

; 1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Name Type

Shear-Moment Plot1 Moment about Dir1

e 0 &, Mament about Dirl (ibfin)
. 45195
Sk ot l 35900
/4:,

v’”" 2 5 . 26605

X L 17310

8015
-1280
10575
15871
-20166
-38461

-47756

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

Z-
25
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...... . |daho Falls, ID 83402

@ WALSH 1935 International Way

Mat Floyd
9/5/2023

Name

Type

Shear-Moment Plot2

Moment about Dir2

¥
[
=
=
w
#
w
-
4
=
~
-
=

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

Morment about DirZ (|bf.in)
47366
39837

. 32308

. ATTY
17250
a7
192
-5337
-12866
-20385

-27924

Z-
25
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
& WALSH | qano Falls, I 83402 9/5/2023
Name Type Min Max
Shear 1 Shear in DIR 1 -0.39ksi 0.80ksi
Element: 902 Element: 776

Shear in DIR 1 (ksi)

RSF-ELC-Stress-Shear 1

|
.l
g
7
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023
Name Type Min Max
Shear 2 Shear in DIR 2 -0.59ksi 0.83ksi
Element: 479 Element: 864

Shear in DIR 2 (ksi)
083
l 0.69
. 055
_ 04
0.26

0a2

RSF-ELC-5tress-Shear 2

|
.l
o
7
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1935 International Way Mat Floyd
& WALSH | qano Falls, I 83402 9/5/2023
Name Type Min Max
Torsional Torsional -0.23ksi 0.27ksi
Element: 902 Element: 713

RSF-ELC-Stress-Torsional

Torsional ksi)

. 0.22

. 0z

. bz

-0.23

0.27

.07

0.02

> |
g
7
SOLIDWORKS  Analyzed with SOLIDWORKS Simulation

Simulation of RSF 28
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. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
Name Type Min Max
Displacement1 URES: Resultant Displacement 0.000in 0.033in
Node: 39 Node: 236

LIRES {in)
0.033
l 0.030
o027
_ 0023
0020
omz
0.03
oo
0.007
0.003

0.000

RSF-ELC-Displacement-Displacement1

|
2
£
7
SOLIDWORKS  Analyzed with SOLIDWORKS Simulation Simulation of RSF 29
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Compliance to ANSI AISC N690-18 contained in this appendix will be organized as follows:

Preliminary/Preparatory Calculations and information

Chapter ND - Design of Members for Tension

Chapter NE - Design of Members for Compression

Chapter NF - Design of Members for Flexure

Chapter NG - Design of Members for Shear

Chapter NH - Design of Members for Combined Forces and Torsion

Chapter NJ - Design of Connections

Chapter NK - Additional Requirements for HSS and Box-Section Connections

W~ U h W=

Acronyms:

HSS - Hollow Structural Section

RSF - Reactor Support Frame

FEA - Finite Element Analysis

ASD - Allowable Strength Design

TREAT - Transient Reactor Test

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

CJP - Complete Joint Penetration

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 structural 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 Ibs. The load
applied to the RSF was then increased by 10% (17600 and further rounded to up 18,000Ibs.) 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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6. Allowable Strength Design (ASD)

The allowable strength, K,/L2, of each structural component shall be equal o or
greater than the required strength. R, determined from the critical combinations of
the loads, The most critical structural effects TNELY QCCUT W e o more loads are
not acting. The following load combinations shall be investigated:

6a. Normal Lead Combinations

D+L+R,+F+H+T,+C (NB2-10)
D+(L, o SorR)+ R+ F+H+T,+C (NB2-11)
D+ F+0.75L+0.75H +0.75(L, or § ot R)+ T, +C (NB2-12) From
Chapter NB in N690 pg. 14
6b.  Severe Environmental Load Combinations
D# R+ F +0.6W +0.75(L+ H)+C+0.75(L, or S or R)+ T, (NB2-13)
D+R,+F +E,+075(L+H)+C+0.75(L, or § or R)+T, (NB2-14)

6. Extreme Environmental and Abnormal Load Combinations

D+L+C+R +T,+E +F+H (NB2-15)
D+L+R+T,+W,+F+H (NB2-16)
D+L+C+P AR, +T,+F+H (NB2-17)
D+L+F +R,+T,+Y, +Y; +¥, +07E, +F+H (NB2-18)

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 T,=T, and E,=E;. 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, will 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

L, Roof live load

R Rain load

R, 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, Pipe and equipment reactions generated by the postulated accident, including R,

Y; Jet impingement load generated by the postulated accident

Y., Missile impact load, such as pipe whip generated by or during the postulated
accident

- Loads on the structure generated by the reaction of the broken high-energy pipe
during the postulated accident

W, 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

Allowables 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 unless otherwise
noted.

The Nuclear Specilication is compatible with the AISC Specification for Structural
Steel Buildings (ANSI/AISC 360), hereafter referred to as the Specification. Provi-

; : e : : From
sions of the Specification are applicable unless stated otherwise. Only those

Chapter NA in N690 pg. 1

sections that differ from the Specification provisions are indicated in the Nuclear
Specification.
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1. Preliminary/Preparatory Calculations and Information

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

(1) If strength Grade 1 is specified, then the mechanical
properties shall be in accordance with the appropriate from

Table 2-9. Room Temperature Physical Properties, Annealed Condition
Specific Thermal
Initial Modulus of Thermal Conductivity Capacity at 68 'F
Elasticity Density at 68 °F (20 "C) (20 "C)
BTU/ BTU/
Type ksi MPa b/ kg/m?® (hr-ft-"F) | W/(m-K) (Ib-"F) J/(kg-K)
gﬁg 28,000 | 193,000 480 7900 From
031800 AISC Design Guide 27
S31603 28,000 193,000 500 8000 87 15 s - Section 2.3.3
S3z2101 i
$32304 29,000 200,000 485 7800
$32205
S17400 28,500 197,000 485 7800 9.2 16
T}:ﬂamummsmm Stainless Steeis—Part 1. List of Staindess Sheels {CEN, 20054d) apart from the values for the inftial modulus of elasticity
which ane taken from Boder and Pressure Vessel Code. Section I: Matenials —Part O Properties (Customany) (ASME. 20100, with the value for the
Alisals ded down 1o 28,000 ksi (193,000 MPa}
Poisson's ratio can be taken as 0.3 and the shear modulus of elasticity, G, as 0.385E

specification, either Specification A240/A240M, A276/ ASTM 1069, section5.1.1.1.(1)

A276M, or Specification A479/A479M.

While ASTM A276/A276M does not have a specification for 316H, ASTM A240/A240M-22a & A479/A479M does (shown

below). Tensile and vield strength match with ASTM A240/A240M-22a & A479/A479M .

4l A2a0/a240m - 222
TABLE 2 Continued

Tensile Strength, min Yield Strength,® min E‘“"“"m e Hardness, max®
UNS Designation Type* 2in. or B Cold Bend"?
ksd MPa ksi MPa 50 mm, ;“‘[;"w’ Rockwoll
min, %
530940 309Cb’ 75 515 30 205 40 217 95 HRBW not required
S30041 309HCY 75 515 30 205 40 217 95 HABW not requined
$31008 3108 75 515 30 205 40 217 95 HRBW nol required
$31009 310H" 75 515 30 205 40 217 95 HRBW not required
$31040 310Cy’ 75 515 30 205 40 217 95 HREW nol required
$31041 310HCL” 75 515 30 205 40 217 95 HRBW not required
$31050 310 MoLN"
1= 025in B4 580 39 270 25 217 95 HRBW not required
1>025in 78 540 7 255 25 217 95 HRBW nol required
$31060 2 a7 600 a“ 280 40 217 95 HRBW not required
S31254
Sheet and Strip 100 690 45 310 k] 223 96 HRBW not required
Ptate a5 655 45 310 35 223 96 HRBW not required
$31266 = 109 750 61 420 35 : not required
$31277 s 12 770 52 360 40 . not required
$31600 316 75 515 30 205 40 217 95 HRBW not required
$31603 316L 70 485 25 170 40 217 95 HRBW not required
S31609 316H 75 515 30 205 40 217 95 HRBW not required
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TABLE 2 Mechanicad Property Requirements
Tt Vil G E:n?:m Raducton of Brrak
UNS Dusignaton Type Conaton EM' I“.' in, ket |56 #rwm] Arga, man, Hardness.
P) MPa or 8 wre e
v L %"
Austontic Grades
] Asicy 20 stabiizod-anraakd B0 {5507 35 (2409 n” 50
Up o 2 in. [50.8 mm), incl strmin hardered 90 (&0 60 [415) 15 0
NoB34? En— 95 {B54] 44 (310) % 241
Noaca &0 annaaed 75 (515 3 (205] = e
[ ] BOOH Anruead] 05 [as0 25 1m0y 0 e
Nosa 1 annesied 88 a8y 25 {170} » 192
MOBTO0 anneaied B0 | S50 35 |2e08 30 50
OB 0L A3 71 j400) 31 (220§ s
[ AP 87 [800] 43 298] 4 ar
NOBgE anneaied 94 (50 43 298] kL 298 From
520181 anneaiesd 125(uec] | s0(38) " 0 an . .
820010 XM-19 nresied 100 p00] | 55 [380) 3 55 203
Up o 2 in. |S0.8 men), incl :-m.-nm 135 [930] 105 [725) F 80 AISC DESlgl’l Guide 27 Pg. 55
Over 2003 n hot-rolled 115 [Ta8) 75 [515) ] 50
[50.8 10 76.2 ], inel
Over 108N ort-rolled 100 p8sa] 60 (4185 i &0
[76.2 1o 200.2 men}, incl
Up o 1% in. [38.1 mm], incl wan-ardered 145 {1000] 125 [B60) 12 40
Over 1% 18 2% n strmn-hardened 120 [825] 105 [725) 15 45
[38.1 10 57.2 mn), incl
821600, 521603 XM-1T, XM-18 anneaied 90 (8200 50 |345) 4“0 50 212
S21800 AN 95 (855 S0 [345] » 55 0
521004 11 anneaied 90 (8201 50 [345) s 80
S24000 e e — w00 s0] | 55 (380) = 0
S30200, 530400, 530406 302, 304, 304H, I04LN, Anrai TEISS 20 [205) 0 40
St S S | nsy it e o
S0 Shan soem, | S 31eT. ics, i
£31608, 531635, 531640, ; '
s:‘lm.s.mno sa;:oo e
SXN09, SMT00, SMMT06,
34800, SMB00 , SHH03
S360a
Table 10-3. Reduction Factors for Type S31600/S31603 Stainless Steel )
Steel Temperature, T 200
0 ke =EM/E | k T)=F.M/F, | kTl =Fu(TF, k, p= 4[]0] Temperature range
68 (20 1.00 1.00 100 )
200 (93) 0.96 0.87 0.88 r 0.96
400 (204) 0.92 0.72 ] 080 = b } Modulus of Elasticity
600 (316) 087 0.66 0.78 - 10.92
750 (398) 0.84 0.62 | 077
800 (427) 0.83 0.61 | 0.76 0.87 :
1000 (538) 078 0.58 071 Ky y=| o 7o Yield Strength
1200 (649) 0.74 0.53 0.59 £
1400 (760) 0.66 0.45 | 0.41
1 71 ; 7 | 0.88 : ;
g el = == k, ,i= Ultimate Tensile Strength
1800 (982) 0.24 0.15 | 0.12 -Y 0.80
2000 (1090) 0.11 0.07 | 0.07

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

Y

F.

I
L

Kpodutus = linterp (k, 7.k, ,325) =0.935

kyigiq:=linterp (k, 1.k, ,,325)=0.776

Eutimate :=1linterp (k, .k, ,,325)=0.83

E:=E;-linterp (k, 7, kg _,,325)=26180 ksi

F,:=F, ,-linterp (k, 1.k, ,,325

F,:=F,linterp (k, 7,k

x Ts™y yrs

u_y

):23.3 ksi

,325) =62.3 ksi

=75 ksi Initial Ultimate Tensile Strength, 316H, from Table 2 of ASTM A240/A240M-22a & A479/A479M
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TABLE B4.1a
Width-to-Thickness Ratios: Compression Elements

Members Subject to Axial Compression

1935 International Way
Idaho Falls, ID 83402

Limiting
2 Width-to- | Width-to-Thickness
S| Description of | Thickness Ratio A,
Element Ratio |(nonslender/slender) Examples
1 | Flanges of rolled 2
I-shaped sections, =t b
plates projecting T b, , Loz U
from rolled I-shaped =t E T
seclions, outstanding E
legs of pairs of angles bt 0.56 |— b
connected with con- Fy e 19 i
tinuous contact, il =iy
flanges of channels, T '}"
and flanges of tees
g 2 | Flanges of built-up 2] b
£ I-shaped sections EE e B
2 and plates or angle b/t ¢ 1
ul legs projecting from Q.04 F, h i
E built-up I-shaped
8‘:’ sections
:E 3 Leg;s of Isingheef 2 f =2 t
— angles, legs o —
double angles with £ E ! E E T W Ib
separators, and all bt 0.45 ‘_ b
other unstiffened F, 4,
elements T
4 | Stems of tees
dit 0.75 \/E— E_p Td
" =
5 | Webs of doubly o -
symmetric rolled and ht 1.49 E —tw |h bw tw |h
built-up I-shaped sec- v F, 1
tions and channels —
6 | Walls of = t
rectangular HSS 140 |= T
= N
b el
from pg. 16.17
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TABLE B4.1b (continued)
Width-to-Thickness Ratios: Compression Elements
Members Subject to Flexure
Limiting
Width-to- | Width-to-Thickness Ratio
Thick- As X
Q| Description of ness (compact/  |(noncompact/|
Element Ratio nencompact) slender) Examples
15| Webs of doubly E E =
symmetric I-‘ hity 3}5\/: 570 |— Hte |n h
shaped sections Fy F, from
and channels i pg. 16.18
. h. F lel
16| Webs of s e
smmcmgly - he \F = _? - _’} !5‘. rmi%&
I-shaped » z E A
sections : {o&ﬂ—:-o.og] & F, |=na A A S YA
P l =g | Saie]
17| Flanges of - = FE-
reclangular HSS E un &
112 £ 144:‘|f F
E 18| Flange cover .
plates and bt E E
Bl |nphiagn s 112 = 140 | =
g between lines of 5 s
fasteners or
g Wlds [=-aivar s ] [ ot )
7.07"
0.375"
5,’
HSS 5x5
4.25"
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b,:=3.5 in Inner width of 5x5 HSS, less the corners

2. Design Wall Thickness for HSS

The design wall thickness, f, shall be used in calculations involving the wall thick-
ness of hollow structural sections (HSS). The design wall thickness, #, shall be taken

equal to the nominal thickness for box sections and HSS produced according to  from:
ASTM A1065/A1065M or ASTM A1085/A1085M. For HSS produced according to P9+ 16-1-20
other standards approved for use under this Specification, the design wall thickness,
1, shall be taken equal to (.93 times the nominal wall thickness.
t:=0.375-0.93 in Thickness of 5x5 HSS, reduced by 0.93, will be produced from ASTM A1069 HSS

d:=5 in Outer thickness of HSS, 5x5

Mr_aliow_1 7= 1.4 4 I£ =46.9 limiting width-to-thickness ratio, Compression Elements Members Subject to Axial
F, Compression, per table B4.1a-b

I

A gliow 2 =112+ 1’ =37.6  limiting width-to-thickness ratio, Compression Elements Members Subject to Flexure,
v per table B4.1a-b

&

b
A= %: 10.0  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 B4.1a-b and section B4.1
paragraph 2.

Ayi=(d—t-2)* =18.5 in’ Inner hollow cross-sectional area of square HSS, 5x5 sharp corners
Azi=(514n)*=25.0 0" OQuter cross-sectional area of square HSS, 5x5, including hollow area with sharp
corners
A=A, —A =6.488 in’ Gross area of HSS members, total cross-sectional area
Ag 375 pote=0.375 in-=0.131 in® 0.375" threaded hole cutout on 8 members, see drawing 1014726, item 10
A=Ay =20 Ay s pore=6.227 in? Net area, from pg. 16.1-20, with two 0.375" threaded holes cutout on 8
members
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2. Chapter ND - Design of Members for Tension

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case

Deseription of Element

Shear Lag Factor, U

Example

Al tangion mambers where e tension bad i rans-

mified drectly o aach of the cross-sectional slsmenis U=10

by lasteners or wolds (excopt a5 in Cises 4, 5 and §).

Al tensian members, ecop! HSS, whare the
tension ioad s transmitted to some but not al of
the cross-sectional elements by {asleners or by

[torgtudinal weis in combinadion with transvarse

|

[
a

use Case 2)

¥
walds. Altsenatively. Case 7 is permitted for W, P=i=
M, § and HP shapes. (For angles, Case B s
parmitted fo be ised.) _IH _x T-_
¥ [
I
3 |Altension members where (he lenson load is U=1.0 and
transmittind only by ransvarsa walds ko some bt Ay = area of he directy -
nal &l of the croas-sachonal slements. connactel aamants
i8] | Piates, engles, channels wilh welds at heels, lees, i
and Weshapas with connected alaments, whers
the tansion load & transmitted by langitudinal 32 i T | Plet=or T
welds only, See Case 2 for definition of &, U= [1 - Ta w| =y correctad —
T L
5 |Round HSS wilh a single concantric 12180, U=10 J—
Qussat plate Trougn sots in the HSS X
B‘-J‘:T.GJJ.U.-I-T o
= <
6 |Rectanguiar HSS. |with 4 single concentric I3 H -1_2 H
plate zHU i ——
= ="
4(B +H)
wiih fwa side gusset plates f2H U=t X .
3 ; -
e | T T
4B+ M) 1
7 |W- M- 8- or HP- | with flangs connecied with tyz2d U=090
shapes, or tees eut vee or more fasieners por 3 ,
from thase shapes | ke in the diraction of loading br<2d, U=0.85
(f U ls cacutated 3" )
porCase 2 the [, o connecsas with lour
largee valus is Par | o ey Eastinnrs por in in u=070 -
mittad 1o be used) | the giraction of loading
8 |Single and double | with four or miare Lisseners per U=080 -
angies. ine n the directon of loading
( Umcamu with thvee fasteners per ine in
fmm the girection of loading fwith =
:rg:m"::lo fawer than thres fastaness par U= 0560
L
be usad) Ene in the direction of lcading.

i ]
L -_,%,_2,_ whese {j and 1 shail not be less than 4 mes fie weld se

& - ovaral width of rectanguar HSS mambar, measurd 30 to the plane of Ba connection. . (mml; O - autside dameter of
rand HSS, in (mm); H - cwsral haght of rectanguiar HSS mamber, measured i the plane of T connechon. n. (mm)
d « dapth & Sec¥on, 1. () fo7 18R, d » dapth of the Section fom which 5 18a was cut. in (Mi); 1 « lengih of connachon,
N (mm); W widh of pate, in, (mm); ¥ = eccentncty of cornection, n, {mm)

2, =167
£, =2
U(;-l: ]_0

A=A, Us=6.227 in®

P,=F,-A,=151.1 kip

P, =F A =387.6 kip

Safety Factor for tensile yielding in gross section, section D2

Safety Factor for tensile rupture in net section, section D2

Shear Lag Factor, Table D3.1

Effective net area, equation D3-1

from:
pg. 16.1-30

1935 International Way
Idaho Falls, ID 83402

Critical force in tensile yielding, equation D2-1, smaller therefore it is selected

Critical force in tensile rupture, equation D2-2, larger therefore not selected
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PT’{

Aq - . . - .

R, := 5 =-=13.94 ksi Allowable Tensile Stress, ASD, derived from equation D2-1 to use stresses instead of

Lt

R, 1 nic=1.29 ksi

(]
R«_’{'_EMZ':: 1.75 ksi

R(L_T_NL(.‘

DCD_.'\'IE:: =0.09

n

R,rp
Dy piie R0 pqg

T

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, <1, satisfactory

Demand to capacity Tensile Stress with ELC, <1, satisfactory
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3. Chapter NE - Design of Members for Compression

TABLE USER NOTE E1.1
Selection Table for the Application of
Chapter E Sections
Without Slender Elements With Slender Elements
Sections in Limit Sections in Limit

Cross Section Chapter E States Chapter E States
——
E3 FB E7 LB
v E4 T8 F8
e m— m

E3 FB E7 LB

S CHERENE ST S E4 FTE F8
FTB

B €3 FB €7 LB

B8

E3 FB E7 LB
FB
from:
. 16.1-34
- E3 FB E7 Le Pg
E4 FTB FB
FTB
E6 E6
e | o E3 FB E7 LB
E4 FTB F8
FTB
 LESLES = E5 E5
e
e I - m | oo |
Unsymmetrical shapes E4 FTB8 E7 LB
other than single angles FTB
FB = fexural buckling, TB = torsional buckling, FTE « flexuralorsional buckiing, LB = local buckling,
N/A = not appicabie
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12,:=1.67

Appendix C

Stress Allowable Calculations & Compliance
As shown in Section 1 of this appendix, the RSF does not have any slender members

TABLE C-A-7.1
Approximate Values of Effective
Length Factor, K

End coniiban code

®
)
e . M
I \ !’
! \
' |
[ | 1 !
# \ |
! ! | !
| / i '
1 ! ' ]
\ ' i H
\ ‘ '
[ i
! | i
L I i
/
] [}
'

Rotaton fxed and ransiason xed

" Rotstion foe and irensistion fmed

Rotaton fxed and ransiation bes
Rotaton free and iransiston free

e Vi

Moments of Inertia. Section Moduli, and Radii of Gyration

A b

Factor of Safety for compression (ASD), from section E1

from
pg. 16.1-570

1935 International Way
Idaho Falls, ID 83402

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

Soction Miodubas
Moment of B Mol
(T zal

U
Syusy and Revtanguler Soctions

Radie of Gryvabion
- ‘-
A

-—r

a,:=5 in

r:=0.289

L:=88 in

Asg'=b yaoy

byi=a,—2-:0.375 in

Va,® +b,° =1.896 in

7" a4 -~ = 026%
5 3
4 } a "
a a 2 . 05Ta
1 ] Wit
4 ) "
e, L =018 - = 0.28%
12 642
A
yo L osal
-
| g ? PP
w-f " a” b
7om 1l I b e
I i ] y 12
' é, s | o -bh re w—
= 0289a" + b

Table from Machinery's
Handbook, 27th edition,

pg. 238

5" x 5" x 0.375" HSS

Radius of Gyration, See above table from Machinery's Handbook

Worst case length of compressive member with the RSF, per drawing 1014726, item 12
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Stress Allowable Calculations & Compliance

E2. EFFECIIVE LENGTH

Appendix C

1935 International Way
Idaho Falls, ID 83402

The effective length, L., for calculation of member slenderness, L /r. shall be deter-
mined m accordance with Chapter C or Appendix 7,

where
K = effective length factor

L. = KL = effective length of member, in. (mm)

from section E2
pg. 16.1-35

L = laterally unbraced length of the member, in. (mm)

r = radius of gyration, in. (mm)

User Note: For members designed on the basis of compression, the cffective
slenderness ratio, L, /r, preferably should not exceed 200

L.=K-L=184.8 in

2
o8 :
F,i=""'" =272 ksi
L)
T
L,
Ze—97.4

T

4714 E _157.003
FSI'

F,

]

T ,
F,= (0.658 ]-Fyzlﬁ.:% ksi

T

R, o= For =0.7 ksi
n

(_.

R, ¢ npo=1.61 ksi
Ra_(? proi=1.95 kst
Ry
wC'_NchzLM:O-IT
n_C'
R, ¢ e
DC, ﬂc;:&:n_m
n C

Effective Length

Elastic bucking stress, equation E3-4

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

L,
Since — is less than this value use E3-2 to determine F,,, pg. 16.1-35
T

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, <1 satisfactory

Demand to capacity, Compressive Stress with ELC, <1 satisfactory
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Stress Allowable Calculations & Compliance

4. Chapter NF - Design of Members for Flexure

1935 International Way
Idaho Falls, ID 83402

£2,:=1.67 Factor of Safety, pg. 16.1-46
TABLE USER NOTE F1.1
Selection Table for the Application
of Chapter F Sections
Section In Cross Flange Web Limit
Chapter F Section Slenderness | Slenderness States
F2 -I— %— Cc C Y. LTB
Fa .I. NC. S c LTE, FLB
CFY, LTE,
F4 j-E“’*” C.NC. S C.NC FLB, TFY
| CFY, LTB,
F5 {- C,NC, § s FLB. TFY
+— =
F6 C,NC, S N/A Y. FL8
=—F
from
7 H cnes | CNCs w‘{;'f'm pg. 16.1-45
F8 O NA A Y.L8
----- _“:._: e Y, LTB,
F9 C.NC. S N/A FLB. WLB
F10 | i A NA N/A Y, LTB, L8
F11 . l N/A N/A Y, LTB
F12 Unsymmetrical shapes, Al fienit
other than single angles N/A MiA states
Y = yielding, CFY = comp flanga yislding. LTB = [steraktorsianal buckling, FLB = fange local buck-
ling. WLB = wab local buckling, TFY = tension llange yiekding, LB = leg lecal buckling, LB = local buckling
C = comgact, NC = pact, S = slender, N/A = not applicable
Polar Moment of Inertia and Polar Section Modulus
Polas Moment of [nertia, Polar Section Modulus,
I 4,
T . From Machinery's Handbook
. % - 0.1667a" 02084 = 0,0744" 27th edition, pg. 249
'
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Maoments of Inertla, Section Modull, and Radii of Gyration

Sevtion Moddubes R of Gryration

£ = 0.25%
5

b

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

a 4 0llka = (L.18%a
2 3

1935 International Way
Idaho Falls, ID 83402

a, —n‘124 s ; i § . ;
Zi=———"—=10in’ Polar Section Modulus, Plastic section modulus equals Polar section modulus, equation from
6 a, Machinery's Handbook, see table above

M,:=F,-Z=231.9 kip -in Plastic bending moment , equation F7-1

M
M, p ::?": 138.9 kip «in

Allowable flexural strength, derived from equation F7-1

b
ry=T Radius of gyration about y-axis, r,=r, square HSS, as calculated herein, page 12
(524 h; p . ; g ;
J=—————=49.8 in Torsional Constant, aka Polar Moment of Inertia, from page 14 table herein, Torsional
6 6 constant of solid 5x5 minus the hollow portions.
J-A

L,=0.13-E-r,- £.=500.3 in

P
‘Lb =71 in
Per section F2.2(a), Since L, <L, lateral-torsional buckling does not apply.

M

a_

p Npei=37.0 kip «in

M, p pro=47.8 kip-in

M a_F_NLC

DCy yyoi=————=0.27  Demand to capacity, Flexure with NLC, <1 satisfactory

ﬂdrr1_."r“

M,rp
 F EBLC
DCy pre=—17———

n_F

=0.34 Demand to capacity, Flexure with ELC, <1 satisfactory

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

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

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

FEA Calculated Moment, see FEA results in Appendix B with NLC
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Stress Allowable Calculations & Compliance

5. Chapter NG - Design of Members for Shear

2,:=1.67 Factor of Safety with ASD for shear, section G1, pg. 16.1-70

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

A,=2-h-t=24in* Web area, per section G4, pg. 16.1-74

k,-E
1.10- \/‘F— =82.5 Equation G2-9, directed from equation G4-1

u

h

k =5 Web plate shear buckling coefficient, per section G4, pg. 16.1-74

—=10.04
% h k,E ,
Since T51.1{)- is true, C,,= 1.0, per equation G2-9
Cpi=1.0 ' ?
Vp,=0.6-F,-A,.C,=34.1 kip Nominal shear strength, equation G4-1
V‘ﬂ.
Al{! . . ¥
- 7 =8.37 ksi Design Shear Strength, per section G1
3
Vv nic=0.66 ksi FEA Calculated Shear Stress, see FEA results in Appendix A with NLC
Vi v gre=0.83 ksi FEA Calculated Shear Stress, see FEA results in Appendix B with ELC
Vu. v NLC . i ;
DCv_MC::‘}i‘:O.US Demand to capacity, Flexure with NLC, <1 satisfactory
n_t
Vu v _ELC z p A
DC, po=—""—"""=0.10 Demand to capacity, Flexure with ELC, <1 satisfactory
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1935 International Way
Idaho Falls, ID 83402

6. Chapter NH - Design of Members for Combined Forces and Torsion

2,:=1.67

!—:: 10.036

2.45 \/ =
Fy

F,, y3:=0.6+F,=14.0 ksi

=82.147

T = Fm'_HlI

B =8.4 ksi
25

T, nyci=0.14 ksi

T, pro=0.27 ksi

M, =M, p npo=37 kip -in
M,y:=M, j pre=47.8 kip-in
M,:=M,, ,=138.9 kip-in

P, :==max (R, ¢ nic+ R c i) =1.61 ksi

Pyi=max (Ra_'I'_ Loy o LC) =1.95 ksi

P.=R, =975 ksi

V=V o nre=0.66 ksi
Vo=V, o grc=0.83 kst

V=V, ,=8.37 ksi

Factor of Safety for Torsion, section H3

Since }—]'g 2.45. G is true, use equation H3-3
t P
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 =T, nyo=0.14 ksi Required torsional strength, see FEA results in Appendix A, with NLC
Tp=T, prc=0.27 ksi Required torsional strength, see FEA results in Appendix B, with ELC
T.:=T,=8.37 ksi Allowable torsional strength, as calculated herein
2. HSS Subject to Combined Torsion, Shear, Flexure and Axial Force
When the required torsional strength, T, is less than or equal to 20% of the available
torsional strength, 7,.. the interaction of torsion, shear, flexure and/or axial force for -
HSS may be determined by Section HI and the torsional effects may be neglected. Section H3
When T, exceeds 20% of T, the interaction of torsion, shear, flexure and/or axial pg. 16.1-8§
force shall be limited, at the point of consideration, by
[i+£]+[£4£} <1.0 (H3-6)
P M, Y. T
DC " Pl'l Mr'l V‘J'] Trl ._’_ . .
H comb NLD*= 38 =0.44 Combined Demand to capacity, NLD, Less than 1,
P. M, V. T. acceptable, equation H3-6, including torsion
Po MY (W, Moie ; ;
DCy omp prp= +——|+|—+—| =0.56 Combined Demand to capacity, ELD, Less than 1,
P, M, V. T. 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,
ksi (MPa)
Nominal | Effective
Streas Area
Lood Type and (Faomeor | (Aswor Required Filler
Direction Relative | Pertinent Foreid Al Matal Strangth ﬂ-om
to Weld Axie Metal | oand () | kel (MP3) | in? (mm?) Leyugtit
COMPLETE JOINT-PENE TRATION GROOVE WELDS pg. 16.1-123
Mancting Hier matal shal
e Lsed, For T- and
Terthicn— Swmagihy of the foint is contraled comanjoints with backing
Mormal to weld ans by T basa matal ket i pinpe. noach tough
e matal s regained
See Saction J26
Fillas massl with a
Comprazsion Srengih of M [ & cerunisd "u"':n“:"_mg‘?::‘
Mosrmu! fo weld avis ry % e el -
ls2s than mateking
filir reilal @& pacmiied
5 Fillas mnal with a
Tanson or Tisrtshon of comprasson i pas oned parsie &
TG S O © & wald is pareitied W0 be neglected :.:nmr:lb.-\:u ::‘: =
Parlel to weid axis in dussign of wiskds joinng the parts Profisimstayo :m_m::g_
Shear Sirength of the wint s corolec Materwng filer metal
“ o 1 b vt shal b used

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.

-

® [Fateats ] Ol

Resalouiate

Report copidinate valuen relativs Toc | - defaut

Tectien propertiet of the iriedied face of LIS RSF. 1000

Area = 9790 mather ]

Centrowd relafive 1o output conrdinate syrtem angan: | indhes |
K= 33,00

Y- 3500
T3040

[Moments of inedtia of the aiea, ol the centrosd | inches * 4)
oo

Lex = 80784 Ly = Lz = 000
lyn = 0.00 Ly = 161568 Lyx = .00
L = GO0 Lzy= GO0 Loz = BOT.84

Polar moment of inertis of the area, ot the centroid = 1615.68 indhes * 4

Argle Between piincpel snet and part aney = D00 degrees

Princpal moments of ineia of Ine aea, o the cenroid | inches * 4]
In = BT

=80T8

Moments of martia of the siea, ol the GUtpUt coordnate iyitem | mcPeg = «

L = 250NN U = TN U = 1576000
L0 = 106641 48 IV - 760843 LIZ = B3I 2162
Help Pt Copy to Cipbaard
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£2,:=2.31 Factor of Safety, bearing strength for column bases, Section 18

[

Jf',==2500 psi Compressive strength of concrete for residential concrete, expected higher at TREAT

A, ;:=97.93 in?-4=391.7 in® area of steel concentrically bearing on a concrete support, see section
properties calculation from Solidworks below.

P,:=0.85.f"-A, ;=832.4 kip Nominal bearing strength, Section 18

P

P, ;==—2=360.3 kip Allowable bearing strength, Section 18
ch

P, nio=91636.5 N =20.6 kip FEA calculated resultant force, NLC, see appendix A under resultant forces

P, y1-=135312 N=30.4 kip FEA calculated resultant force, ELC, see appendix B under resultant forces

P
DC, nie =—2NE _0.06 Demand to capacity bearing strength, <1 acceptable

ot

P.on : 3
DC, pre =" %EIC 008 Demand to capacity bearing strength, <1 acceptable

(o)
] WELD FILLER METAL ER1EET ASME BFASS | 14
1
: TUBNG. SXEXAE NALL
% LE 3UEH SET ASTM A10ED =
4 GLARD VESSEL SUPPORT 2 s PR 1"
‘ GUARD VESSEL SUPPORT 1 SO SR ASTH Ao 10
: . TUBMG, SXEXAH WAL
A EF SR OV0E 3T6H GET ASTM A106D
TUBMG. SXSXIM VAL
b TP PR SU6H 55T ASTM A 06T 3
P : F PLATE, 375 THI
" & ENCLCAP 3UEH SET ASTM A240 5
- " TUBIMNG SXSX3E WALL
4 5 CROSE BRACGE INGH SET ASTM AV0GE o from
PLATE, 1.0 THx
t 4 FLOOR PLATE i L ] =
e e Drawing 1014726
E]
2
REACTOR SUPPORT TRAME
] FART OR MOMENCLATURE MATERIAL SPECIFICATION  [ITEM
(GTv FEan | IDENTIFYIG Mo O DESCRIPTION OR VENDOR NAVE N
FARTS LT
%ﬁnlﬁhﬂn
WRRVEL
REACTOR STRUCTURE
REACTOR BUPPORT FRAME
== BAENT
s oz 1770 AND HOTED

Table 1 (Continued)
9

P
Compositeon, W &* Oiher Elemeonts
AWS NS
C lassit fication’ Number C r Ni Mo Mn s r 5 N Cu Flement Amoan
ERAR S0 s R ER] LU 030 s LI} ) (1L 003 - 75 T 100 % € muin/l.S max from
ERATING SHMMO 008 105135 06 030 08 T oM o = 078 NN 10X C mindLTS max ASME BPVC Section II, Part C
ERAIO 841 0s0 a2 115-135 06 s 06 as [IKI%) o 0TS !
ER4IONIMa S 0ss i 5 40-50 0407 (LY os LIk o 0rs
ER4Z0 S4ME0 025040 120140 L] 07s e s 043 0 075 pg‘ 279
ERAW SaNS0 0B 155478 06 05 06 as o o 078
ERS S4035 004 ITO-IB0 06 05 08 I o o 075 T 10X mindh.| me
ERMELMo ST s B[S b 075150 04 04 [IE1%) o002 LITUE] l -
ERAM 517450 005 161675 4.5-50 0TS nz5-n7s nrs na 00 ~ 125400 NW 015030
ERIG- 1081 SHMAOD  BOLO08  IS5200 5010 035 LO-20 030065 003 000 w75 N 0.0
L [IX15)
ERI6-8-2 S 16HR0 LA 45165 1505 1.0-20 10-20 030465 043 003 0.75
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Normal to weld axis

by the base metal.

TABLE J2.5
Available Strength of Welded Joints,
ksi (MPa)
Nominal | Effective
Stress Area
Load Type and (Fremor | (Agwmor Required Filler
Direction Relative | Pertinent Fonds Ael, Metal Strength
to Weld Axis Metal | cand ) | ksi (MPa) |in.? {mm?) Level*1™
COMPLETE-JOINT-PENETRATION GROOVE WELDS
Matching filler metal shall
be used. For T- and

Tension— Strength of the joint is controlied COMEr-points with backing

latt In place, nolch tough
lilar metal is requirad.
See Sechon J2.6.

Compression—
Normal to weld axis

Strength of the joint is controlled

by the base metal

Filler metal with a
strength level equal to
or one strength level
loss than matching
fliler metal is permitted,

Tension or
Compression—
Paraliel 10 weld axis

Tension or compression in parts joined paradlel
to a weld is permitted ta be neglected
in design of welds joining the paris.

Filler metal with a
strangth level equal to
or less than maiching

filler metal s permitted,

Strength of the joint s controlied

Matching filer metal

COMPIesson—
Paralled to weld axis

lo & weld is parmitted to be negleciad in design

of welds joining the parts.

Shea by tha baso motal shall be usod ™!
PARTIAL-JOINT-PENETRATION GROOVE WELDS INCLUDING FLARE V-GROOVE
AND FLARE BEVEL GROOVE WELDS
& =075
Tension— R =200 Fu S
MNormal to weld axis ¢ = 0.80
Weld 0188 | 080Fexx | Seed2ia
Compression—
c:rll':"o';.':’:w plato Compressive siress s parmitted to be neglected
desi EN‘ ': o In design of welds joining the parts.
Section J1.4{a)
Compression— Base % = 090 F See J4
W‘”u Hoh - Filler metal with a
mmm & = 0.80 srengi el aqual
" Weld ' 080Fexx | See J2.18 to or kess than
columns as described £« 188 malching filer i
In Section J1.4(b) is
— Base ; : E":? Fy Sea M
Connections not - 0.50
finished-to-bear Weld ; ies | 090Fex | Seeuzia
Tension or Tension or compression in parts joined parafiel

Paraliel to weld axis

Base Governed by J4
Shear
Weld :}: g;g 0.60Fexx | See J2.1a
TABLE J2.5 (continued)
Available Strength of Welded Joints,
ksi (MPa)
Nominal | Effective
Stress Area
Load Type and (Framor | (Agy or Required Filler
Direction Relative | Pertinent Fowh Awe): Metal Strength
to Weld Axis Metal | candcl | ksi (MPa) |In? (mm) Level*i®!
FILLET WELDS INCLUDING FILLETS IN HOLES AND SLOTS AND ) T-JOINTS
Basa Governed by J4
Shear 2 =075 Filler metal with a
Weld Q- 2:00 0.60Fexy" | See J22a strength level equal
to or less than
Tansion of Tension or comprassion in parts joined paraliel malching filler metal
COMPression— to & weld is permitted to be neglected in design is permitted

of welds joining the parts,

PLUG AND SLOT WELDS

Shear—
Parallel 1o faying
surtace on the
eflective area

Base Governed by J4 Filler metal with a
strength level equal
o =075 to or less than
Wald €1 = 2.00 0.60Fexx | Seo J23a malching filler metal
s parmistad

strength

! For matching wekd motal, ses AWS D1,1/01.1M clause 3.3

| Fillar motal with a strength level one strangth level greater than matching is permited

1 F)l|ler metals with & strength level less than matching are permitied 10 be used tor groove welds batween
the webs and flanges of bult-up sections transferring shear loads, or in applcations where high restraint is
a concem. In these applications, the weld joint shall be detailed and the weld shall be designed using the
thickness of the material as the effectve throat, where ¢ = 0.80, £} = 1.88 and 0.60Fgxx i the nominal

“I The provisions of Section J2 4(b) are also applicable.

1935 International Way

from
Section J2
pgs. 16.1-123 through 16.1-124

Idaho Falls, ID 83402

Page 20 of 27




TEM-10200-1, Rev. 12

04/12/2021 ENGINEERING CALCULATIONS AND ANALYSIS

Reactor Support Frame Analysis

ECAR-6584, Rev. 0
Page 93 of 122

& watsH Appendix C
Stress Allowable Calculations & Compliance

Table A.3
All-Weld-Metal Mechanical Property Requirements from AWS A5.4/A5.4M:2006
Tensile Strength, min. Elongation, min.

AWS Classification kst MPa percent Heat Treatment
E209-XX 100 690 15 none
E219-XX 90 620 15 nong
E240-XX 104) 690 15 none
E307-XX B3 590 30 none
E308-XX BO 5500 35 none
E308H-XX 80 550 35 none
E308L-XX 75 520 35 none
E308Mo-XX 80 550 35 none
E308LMo-XX 75 520 35 none
E309-XX 8O 550 0 none
E309H-xx 80 550 30 none
E309L-XX 75 520 30 nane
E309ND-XX 80 550 30 none
E309Mo-XX 80 550 30 none
E3MNLMo-XX 73 520 30 none
E30-XX Ho 550 30 nome
E30OH-XX 90 620 10 nomne
E3l0Mo-XX 80 550 30 none
E312-XX 95 6} 22 none
E3l6-XX 5 5200 30 none
E316H-XX 75 520 0 none
E3l6l-XX 0 4N A0 none
E316LMn-XX ) 550 20 none
E37-XX B0 550 i0 none
E3T7L-XX 75 520 10 nane
E3E-XX Rl 550 25 nane
E320-XX Rl 550 30 none
E320LR-XX 75 520 10 nane
E330-XX 15 520 25 nane
E330H-XX ) 620 10 none
EM7-XX 15 520 30 none
EM9-XX 11X 6 25 none
E383-XX 75 520 30 none
E385-XX 75 520 A0 none
E409Nb-XX 65 450 20 u
E410-XX 15 520 20 b
E410NiMo-XX 110 Tol 15 S
E430-XX 65 450 20 u
E630-XX 135 Q30 7 d
E16-8-2-XX 80 550 35 none
E2209-XX 100 &M 20 none
ER2307-XX" 1) O 20 none
E2553-XX 110 Told 15 none
E2594-XX 110 Tol 15 none
E33-31-XX 105 720 25 nong

* Heat to 1800°F w 14507 F | 7607 C 10 7907 C. hold for two hours (<0, +15 mnutes), furnmace cool ol a e nof exceeding 10°F [35°C] per hour 1w
1100 F {595 =C] and air cool to ambient

" Heat to 1350°F to 14007 F [TM°C to 760" C|, hold for one hour (3, +15 minstes), fomace cool at a rate not 10 exceed 2007F [ 110°C) per hour to
GO0 F [315°C) and air cool to ambient

* Heat o LI00°F wo 1 150°F [595°C w 620°C], hold for one hour (<00, +15 minwes), and air cool 1o ambient.

“ Heat to 1875 °F to 1925 F [1025°C to 1050 C). hold for one hour (-0, +15 minutes), and air cool to ambient, and then precipitation harden at 1 135°F
to 1165°F [610°C 0 6307 C), hold for four hours (—0, +15 minutes), and air cool to ambaent,

= Not found in AWS AS 4/AS AM2006, but expectad (o be added 10 the neat revision of AWS AS HAS4M

A2, Classification System

A2.1 The chemical composition of the filler metal is identified by a series of numbers and, in some cases, chemical
symbuols, the letters L, H, and LR, or both, Chemical symbols are used to designate modifications of basic alloy types, for
example, ER308Mo, The letter “H” denotes carbon content restricted to the upper part of the range that is specified for
the standard grade of the specific filler metal, The letter “L” denotes carbon content in the lower part of the range that is
specified for the corresponding standard grade of filler metal. The letters “"LR" denote low residuals (see AB.31).

A2.1.1 The first two designators may be "ER” for solid wires that may be used as electrodes or rods; or they may be
“EC" for composite cored or stranded wires; or they may be “EQ" for strip electrodes.

A2.1.2 The three- or four-digit number, such as 308 in ER308, designates the nominal chemical composition of the
filler metal.

1935 International Way
Idaho Falls, ID 83402

from
AWS A5.9/A5.9M:2012,
pg. 26

from
AWS A5.9, pg. 11
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@ watsH

2,010:=2.00

wel
Apyi=A,=6.227 in®
Lyelg=5-4 in=20in
n

throat *= 16

A!m_: = I?J,'(.'F

max (Prl ’ Vr-] 1 Tr'l) 'ABM: 10 kip

max (Prl ’ Vr'] 1 T:'I) A

L

d* Ethroat=3.T5 in’

=6 kip

We

Appendix C
Stress Allowable Calculations & Compliance
Worst case Factor of Safety, welded joints, Table J2.5, pg. 16.1-123

1935 International Way
Idaho Falls, ID 83402

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 J2.1, 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

R, :=max (P,., Vi ,Tr,):l.ﬁl kst
max (P,o,Vys, Tpo) + Apyy=12.1 kip

max (P,o,Vyg, Trp) + Ay =T7.3 kip

We

R, pi=max (P,5,V,,,T,y) =1.95 ksi

Maximum nominal stress of base metal, FEA calculated ELC see
Appendix B and in this appendix pg. 77, 81, 84, and 85, pg. 16.1-122,
weld material is limiting

Shear stress is most limiting, ELC

F,=62.25 ksi
F,=23.3 ksi

Fr.82:=80 ks -k

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

Weld material ultimate tensile strength, reduced for temperature, see page 4 of this
appendix, Fpyy is from Table A-3

Syera=min (Fy,F,,Fg62+0.6)=23.3 ksi

Fye1a*= Syt * Awe =87.3 Kip

Foetd g
a_weld *= = =43.7 ’tm'p
2ipeld
R, I_kip "= MAax R, - Apy spa_NLC) =20.6 kip
Ry pip=max (Ryz+Apy, Py _prc) =304 kip
Dcwew_wm = Iiwl_fﬂ'p =0.47
a_ield
Rw2_ﬂ~'€p
DCwe&d_ELC =———=0.70

a_weld

Yield strength (ksi) of base material is most limiting

Available strength of welds in kips

Allowable weld strength

Required Weld Strength, NLC

Required Weld Strength, ELC

Demand to capacity, weld strength NLC, less than 1, acceptable

Demand to capacity, weld strength ELC, less than 1, acceptable
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& waLsH Appendix C 1935 International Way
Stress Allowable Calculations & Compliance WahoFalk. 8340

8. Chapter NK - Additional Requirements for HSS and Box-Section Connections

my

//\ /

S O

t,:=t=0.349 in Design thickness for 5x5 HHS
F,,=F,=23.3 ksi Yield strength of 5x5 HHS's
B:=6.01 in 5x5 HHS diagonal width
By:=5in 5x5 HHS branch width

10-t) [ F-t . ; ; : g : ;
B, =|— -B,=2.9in Effective width of elements perpendicular to longitudinal axis, equation K1-1,

B Fypty less than B, and therefore acceptable

B
P Since ?:3 15, equation K3-9 is N/A, See Section K-1, pg. 16.1-150

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

Page 23 of 27
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& waLsH Appendix C 1935 International Way
Stress Allowable Calculations & Compliance idatioFalls: 163402
TABLE K3.2
Available Strengths of Rectangular
HSS-to-HSS Truss Connections
Connection Type Connection Available Axial Strength
Gapped K-Connections Limit State: Chord Wall Plastification, for all
Prsin® = Fy1% (.88 "%)Qy (K3-7)
¢ =090 (LRFD) 0 = 1.67 (ASD)
Limit State: Shear Yielding (punching), when B, < B - 2t
This limit stale need not be checked for square branches. fmm 6
Ppsing = 0.6F,1B(2n + B + Pege) (K3-8) Pg. 16.1-155
¢=095(LAFD) (= 1.58 (ASD)
Limit State: Shear of Chord Side Walls in the Gap Reglon
Determine PysinB in accordance with Section G4,
This limit state need not be checked for square chords.
Limit State: Local Yielding of Branch/Branches due to
Uneven Load Distribution
This limit state need not be checked for
square branches or where B/f = 15.
Po = Fylp (2Hy + Bo+ Bo— 4t} (K3-9)
=0.95 (LRFD) 1= 1.58 (ASD)
g3 7:=1.67 Factor of Safety for chapter K, per Table K3.2
F,:=F,-0.6=14.0 ksi Available Stress in main member, pg. 16.1-150
H:=5in Hy=H=51in Height of HSS Chord
(B +H ) + ( ) Effective width ratio, 5x5 square to 5x5 square, Table K3.2A, Additional
Besp= bl =0.83 Limits for Gapped K-Connections, pg. 16.1-157, 3,,,>0.35, acceptable
1.B .
S§:=72=9.958 in” Section Modulus, calculated herein
= = 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
P =P, 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
M, =M, p npo=3T kip-in FEA Calculated Moment, see FEA results in Appendix A with Normal Load
Combinations (NLC)
M, =M, p prc=47.8 kip+in FEA Calculated Moment, see FEA results in Appendix B with Extreme Load
Combinations (NLC)
Prol ‘AJT(JI ot . . . . ) o
U, := =0.381 Utilization Ratio, equation K2-4 from Table K3.1, A, is used and already divided in
: F, F,S
‘ “ P,,, NLC
Prol ﬁfru‘z i . 5 A A n i
U,:= R =0.459 Utilization Ratio, equation K2-4 from Table K3.1, A, is used and already divided in

‘ Py, ELC

Page 24 of 27




TEM-10200-1, Rev. 12

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

Page 97 of 122
Reactor Support Frame Analysis

& waLSH Appendix C 1935 International Way
Stress Allowable Calculations & Compliance WahoFalk. 8340
B:=1 Width ratio, 5x5 square to 5x5 square
U,

Qr 1y =1.3-0.4.

=1.148 Chord Stress Interaction Parameter for T-, Y- and cross connections,
equation K3-14

U,

Qf 1 y2=1.3-0.4.—=1.116 Chord Stress Interaction Parameter for T-, Y- and cross connections,
equation K3-14

U, _ : .

Qf 1=1.3-0.4.——=1.117 Chord Stress Interaction Parameter for K-connections, equation K3-15
eff
Uy ; : :

Qf k2=1.3 —0.4-8—: 1.079 Chord Stress Interaction Parameter for K-connections, equation K3-15
eff

Qp=1 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

8, from

Solidworks RSF
model

> o 52'= §° 9]_ & 92
from

L~ 1014726, item 5
9973

8,:=60° Upper Brace, Drawing 1014726, Item 9, angle derived from SolidWorks model

8,:=38° Cross Brace, Drawing 1014726, Item 5, Angle 1

0,:=52° Cross Brace, Drawing 1014726, Item 5, Angle 2

sin (6,) =0.866 sin (6,) =0.616 sin (6,) =0.788 Worst case angle is 6,
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& waLsH Appendix C 1935 International Way

Stress Allowable Calculations & Compliance

TABLE K3.2A
Limits of Applicability of Table K3.2

Width ratio:
Aspect ratio:

Overlap:
Branch width

Ductility:

Joint eccentricity: -0.55 = &/H < 0.25 lor K-connections
Chord wall slenderness: Bitand H/t < 35 for gapped K-connections and T-,

Branch wall slenderness: B8/t = 30 for overlapped K-connections

Branch thickness ratio: Iy / ty; = 1.0 for overiapped K-connections, where

Material strength: Fyand Fyy = 52 ksi (360 MPa)

Y-and eross-connections

HIit < 35 for overlapped K-connections
Byl and Hplty =35 fUl tension branch

< 1_25 — for compression branch of gapped
\ ¥ K-, T-, Y- and cross-connections
< 35 for compression branch of gapped K-, T-,
Y- and cross-connaections

<11 li for compression branch of
\Fe overlapped K-connections
By/B and Hy/ B = 0.25 lor T, ¥- cross- and overlapped
K-connections
05 =Hp/Bp=20and 0.5 H/B< 2.0
25% = Oy s 100% for overlapped K-connections
ratio: Bl By 2 0.75 for overlapped K-connactions, where
subscript { refers 1o the overlapping branch
and subscript f refers to the overlapped branch

subscript / refers to the overlapping branch
and subscript j refers to the overlapped branch

FylFy arbd Frol Fup < 0. 8 Note: ASTM AS00 Grade C is acceptable.

End distamce: fond 2 B/ '| [ for T- and Y-connections
Additional Limits for Gapped K-Connections
Width ratio: %“anu% 2 o,|+5—‘;
Pesr = 0.35
Gap ratio: QIB;-OE{I ~ Pat)
Gap: 2 1y compression branch + b lension branch
Branch size: smaller Bo = 0.63 (larger By), if both branches are square
B ;

yi= e 8.616 Chord slenderness ratio, pg. 16.1-157
B
b _0.832 . . B,
B Width ratio, B >0.25, acceptable

2.50
g | 221

0.80

B-\/1-3=0.000 in

from
pg. 16.1-157

Limits of Applicability of Table K3.2, I,,,=B-v1 -3, acceptable

Idaho Falls, ID 83402

Distance from the near side of the connecting branch or plate to end of chord, Section K1.1,
pg. 16.1-150, values derived from Solidworks for T and K connections

F,
—2—p.374 — F
F, Ductility ratio, Table K3.2, F—”g 0.8, acceptable
u
B
17238 B
g SLe28d - =35, acceptable, from Table k3.2A
H
S PR H
R -85, acceptable, from Table K3.2A
M43 H
t e . Y <35, acceptable, from Table K3.2A, for tension and compression branches
h
b
—=14.337 By,
t, ti <35, acceptable, from Table K3.2A

b
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& waLSH Appendix C 1935 International Way
Stress Allowable Calculations & Compliance idatioFalls: 183402
F-t® (9.8+8,507")+
P, g3 7a=—" ( - Pess ) /) =78.3 kip Allowable axial strength for K joint, chord wall plastification,
sin (6,) equation K3-7 in kips
Pu_h’ll T a 7 F X 4 A 5 %
Py s i=———==—=7.53 ksi Allowable axial strength for K joint, chord wall plastification, equation K3-7 in
T Ay ksi
Ru_C_NLC s A 5
DCR_C_NLC::Pi:D.Ql Demand to capacity, K joint axial strength, NLC, < 1, acceptable
n K3.7
Ry ¢ pre : PRI
DCy . proi=——"""=0.26 Demand to capacity, K joint axial strength, ELC, < 1, acceptable
n_K3i_T
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Thermal Analysis
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Convection Coefficient Calculations

Convective Coefficient calculated as equivalent to vertical plate, since majority of RSF faces are vertical.

Thot =325 "F=436 K Conservative hottest temperature expected in RSF is approximately 200F and 325F was
selected as design temperature for conservatism, ECAR-6574, Reference 4

T,pqi=65 "C=338 K Minimum RSF temperature, 65°C to prevent overheating concrete, per FOR-684 4.15.1

wai +T,

cold

Tpm_,:_T:SST.O K Average "vertical plate" temperature assumed mean of hot and cold temperatures

T.:=40°C=3132 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."

k W J 2
pi=1.127 % k. =0.02662 e
o

atr* Pt

mK kg-K s

kui?' -5 m? 5 P 4
a::——:(2.35- 10 ) e Thermal Diffusivity equation pg. 68

p‘C;" S
Lt :=88+in "Vertical plate length" estimated as height of support frame
Pr="—0.73 Prandtl Number

8]

1 1 ;
B:=—-=0.003 Equation 9.9, pg. 564

1 3
g B (T plate — T'x-) Lpf{ete

Gr: =6.47.10" Equation 9.12, pg. 565
vea
Ra:=Gr-Pr=4.697-10" Equation 9.25, pg. 571 Ra>10"9, use Equation 9.26 for Nusselt number
L 2
- 1]
Nue=| gz 0007 Ko | =413.9 Equation 9.26, pg. 571
ke
.f_i
(0‘492 ] 16
1+
Pr
k’air- W . o
hei=Nu.———=4.93 — Air heat transfer coefficient

L plate m- K
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Finite Element Analysis Thermal Report

1935 International Way
Idaho Falls, ID 83402
Phone: 208.524.2286
@ WALSH Fax: Fax: 208-522-4269
L IR TR A https:/ /www.walshengr.com/

pEEVWIER

Simulation of RSF

Date: Tuesday, September 5, 2023
Designer: Mat Floyd

Study name: Thermal 1

Analysis type: Thermal(Steady state)

Table of Contents

ModelInformation ..o nnasaminnan
Study Properties...........ooooiiiii 8
IInES vl 8
Material Properties ..vocvvsrsmrsennsesrsvnssssesss @
Thermal Loads .. ..o iivisamsi o seni 12
Meshiinformation ..« i adiiisniiagin 49
Study Results .o nvsvnnsnnsis 15
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SOLIDWORKS Analyzed with SOLIDWORKS Simulation Simulation of RSF 1
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1935 International Way Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023

Model Information

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

Z-
25

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

Mat Floyd
9/5/2023

Beam Bodies:

Document Name and
Reference

Formulation

Properties

Document Path/Date
Modified

SolidBody 12(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[17])

Beam - Uniform C/S

Section Standard-ansi inch/Al
Tube (square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m"3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 19(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[18])

Beam - Uniform C/S

Section Standard-ansi inch/Al
Tube (square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m" 3
Mass Density:8,030kg/m" 3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 26(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[19])

Beam - Uniform C/S

Section Standard-ansi inch/Al
Tube (square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m" 3
Mass:6.61847kg
Weight:64.861N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

SolidBody 31(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[20])

Beam - Uniform C/S

Section Standard-ansi inch/Al
Tube (square)/5 5Q x .375 Wall
Section Area: 0.0044758m"2
Length:184.15mm
Volume:0.000824218m"3
Mass Density:8,030kg/m*3
Mass:6.61847kg
Weight:64.861N

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

SolidBody 21(Tube (square)

TS5X5X0.375(Tube (square)

TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[11])

Beam - Uniform C/S

Section Standard-ansi inch/Al
Tube (square)/5 SQ x .375 Wall
Section Area: 0.0044758m"2
Length:649.507mm

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

>
£

4)_)
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation

Simulation of RSF 3
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: 1935 International Way Mat Floyd
& WALSH o Falls, 1D 83402 9/5/2023

Volume:0.00290706m"3 Models\Reactor Stand\8-
Mass Density:8,030kg/m" 3 14-23\RSF.SLDPRT
Mass:23.3437kg Sep 5 12:45:02 2023

Weight:228.768N

_?,glgggggVB;ggUEe isquare; Section Standard-ansi inch/Al
5 tne-{square Tube (square)/5 S .375 Wall
TS6X6X0.375(Tube (square) ;‘e:;:igr? irreea): 0.0%:4758m“2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[14]) Length:649.507mm ents\PDMVault\MARVEL\R
Beam - Uniform C/S Volume:0.00290706m "3 eactor Deswnknalyxis

Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 5 12:45:02 2023

Mass Density:8,030kg/m"3
Mass:23.3437kg
Weight:228.768N

SolidBody 27(Tube (square) Section Standard-ansi inch/Al

T55X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | ..

TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[16]) Length:649.507mm ents\PDMVault\MARVEL\R

eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Beam - Uniform C/S Volume:0.00290706m" 3
Mass Density:8,030kg/m"3
Mass:23.3437kg
Weight:228.768N

SolidBody 30(Tube (square) Section Standard-ansi inch/Al
T55X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | .
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[15]) Length-649.507mm ents\PDMVault\MARVEL\R
Beam - Uniform C/S Volume:0.00290706m "3 eactor Design\Analysis

Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 5 12:45:02 2023

Mass Density:8,030kg/m" 3
Mass:23.3437kg
Weight:228.768N

SolidBody 4(Tube (square) Section Standard-ansi inch/Al

TS5X5X0.375(Tube (square) Tube (square)/5 5Q x .375 Wall | .

TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[9]) Length:460.892mm ents\PDMVault\MARVEL\R

eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Beam - Uniform C/S Yolume:0.00206286m"3
Mass Density:8,030kg/m*3
Mass:16.5647kg
Weight:162.335N

Section Standard-ansi inch/Al | C:\Users\mat.floyd\Docum

SolidBody 17(Tube (square) Tube (square)/5 5Q x .375 Wall | ents\PDMVault\MARVEL\R
TS5X5X0.375(Tube (square) Beaiii = Uniform:G/s Section Area: 0.0044758m"2 eactor Design\Analysis
TS6X6X0.375(Tube (square) Length:460.892mm Models\Reactor Stand\8-
TS5X5X0,375(1)[10]) Volume:0,00206286m"3 14-23\RSF.SLDPRT
L Mass Density:8,030kgz‘m*3 Sep 5 12:45:02 2023

i
A
SOLIDWORKS  Analyzed with SOLIDWORKS Simulation Simulation of RSF 4
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Reactor Support Frame Analysis
r. 1935 International Way Mat Floyd
8} WALSH | Gaho Falls, I 83402 9/5/2023
Mass:16.5647kg
Weight:162.335N
_?_glsiggggyé‘;gu'f isquare; Section Standard-ansi inch/Al
: tne-{square Tube (square)/5 5Q x .375 Wall
TS6X6X0.375(Tube (square) :e;ig;l ireea): 0.0%:4758m“2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[13]) Length:460.892mm ents\PDMVault\\a\iAR\leL\R
L P i eactor Design\Analysis
Beam - Uniform C/5 Ja(:lsug :;‘gtgosz %%i:fnm ,? 3 Models\Reactor Stand\8-
Ma55'1£; §647kg 14-23\RSF.SLDPRT
Weigl';t:1'62.335N Sep 5 12:45:02 2023
'?;Sl;(dsi%dg 735((T_|E‘bbe ((Sq“are)} Section Standard-ansi inch/Al
: e (square Tube (square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) SectiE):llArea): 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X%5%0.375(1)[8]) Length:1,676.4mm ents\PDMgault\\h;AR\llEL\R
e AR A eactor Design\Analysis
Beam= Hatform£/5 J;;Lu;)neen.gﬁ?; Sog.%izrlnm ? 3 Models\Reactor Stand\8-
Mass: 60 1;50%3 14-23\RSF.SLDPRT
Weight:590.459N Sep 5 12:45:02 2023
SolidBody 5(Tube (square) Section Standard-ansi inch/Al
TS5X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | .
T56x6x0,375{Tube (square) Section Area: 0.0044758m"2 C.\Users\mat.floyd\Docum
TS5X5X0.375(1)[5]) Length:1,676.4mm ents\PDMVault\MARVEI__\R
Beam - Uniform C/S Volume:0.00750323m"3 eactor Design\Analysis
Mass Density:8,030kg/m"3 Models\Reactor Stand\8-
Mass: 60 2,509kg 14-23\RSF.SLDPRT
Weigl';t: 5'90.459N Sep 5 12:45:02 2023
SolidBody 11(Tube (square) Section Standard-ansi inch/Al
TS5X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | ..
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[6]) Length:1,676.4mm ents\PDMValzl It\MARVEIT\R
Beam - Uniform C/S Volume:0.00750323m"3 eactor Design\Analysis
Mass Dens,ity:s osokg,(maB Models\Reactor Stand\8-
Mass:60 2,509kg 14-23\RSF.SLDPRT
Weigr;t: 5-90.459N Sep 5 12:45:02 2023
Section Standard-ansi inch/Al | C:\Users\mat.floyd\Docum
SolidBody 22(Tube (square) Tube (square)/5 5Q x .375 Wall | ents\PDMVault\MARVEL\R
TS5X5X0.375(Tube (square) B - Unif /s Section Area: 0.0044758m"2 eactor Design\Analysis
TS6X6X0.375(Tube (square) | °€am - Bnrorm Length:1,676.4mm Models\Reactor Stand\8-
TS5X5X0.375(1)[7]) Volume:0.00750323m"3 14-23\RSF.SLDPRT
Mass Densitz:8i030kgz‘m*3 SeE 5 12:45:02 2023

>
i

A
SOLIDWORKS
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Reactor Support Frame Analysis
r. 1935 International Way Mat Floyd
& WALSH | ano Falls, I 83402 9/5/2023
Mass:60.2509kg
Weight:590.459N
_?;;;dsi%dgféybbe (E:»quare)} Section Standard-ansi inch/Al
: tne-{square Tube (square)/5 SQ x .375 Wall
TS6X6X0.375(Tube (square) SectiE)rcll Area): 0.0%44758m“2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[1]) Length:2,108.2mm ents\PDMVault\\a\iAR\leL\R
e i PR “ eactor Design\Analysis
Beam - Uniform C/5 Ja(:lsug' :;‘gtgosg 1;150?(!;?"1 ,? 3 Models\Reactor Stand\8-
Masr?é 7,701kg 14-23\RSF.SLDPRT
Weigl';t:7'42.547N Sep 5 12:45:02 2023
SolidBody 16(Tube (square) Section Standard-ansi inch/Al
TS5X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | .
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[2]) Length:2,108.2mm ents\PDMgault\\h;AR\lIEL\R
T e ey A eactor Design\Analysis
Beam= Hatform£/5 Ja‘:iuane?gﬁ?; ?}i?)izr!nm ? 3 Models\Reactor Stand\8-
Mass: 75 7’701kg 14-23\RSF.SLDPRT
Weight: 742.547N Sep 5 12:45:02 2023
SolidBody 18(Tube (square) Section Standard-ansi inch/Al
TS5X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | .
T56x6x0.375{Tube (Square} Section Area: 0.0044758m"2 C.\Users\mat.floyd\Docum
TS5X5X%0.375(1)[3]) Length:2,108.2mm ents\PDMVault\MARVEI__\R
; Beam - Uniform C/S Volume:0.00943588m"3 eactor Design\Analysis
Mass Density:8,030kg/m"3 Models\Reactor Stand\8-
Mass:75 7’701 kg 14-23\RSF.SLDPRT
Weigl']t:?llz.547N Sep 5 12:45:02 2023
SolidBody 29(Tube (square) Section Standard-ansi inch/Al
TS5X5X0.375(Tube (square) Tube (square)/5 SQ x .375 Wall | ..
TS6X6X0.375(Tube (square) Section Area: 0.0044758m"2 C:\Users\mat.floyd\Docum
TS5X5X0.375(1)[4]) Length:2,108.2mm ents\PDMVal:I It\MARVEIT\R
Beam - Uniform C/S Volume:0.00943588m "3 eactor Design\Analysis
Mass Density:8,030kg/m"3 Models\Reactor Stand\8-
Mass: 75 7'701kg 14-23\RSF.SLDPRT
Weight:742.547N Sep 512:45:02 2023
Section Standard-ansi inch/Al | C:\Users\mat.floyd\Docum
SolidBody 57(Tube (square) Tention Areat 0.0044758m2 | “eactor DesgmAnalysis
TS5X5X0.375(Trim/Extend2 | Beam - Uniform C/S L el dEi
) ength:2,482.8mm Models\Reactor Stand\8-
Volume:0.0111224m"3 14-23\RSF.SLDPRT
Mass Densitz:8i030kgz‘m*3 SeE 5 12:45:02 2023

>
i
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: 1935 International Way
&} WALSH  dano Falls, ID 83402

Mat Floyd
9/5/2023

Mass:89.3125kg
Weight:875.262N

Section Standard-ansi inch/Al

SolidBody 58(Tube (square) Tube (square)/5 SQ x .375 Wall
TS5X5X0.375(1)[23]) Section Area: 0.0044758m"2
Y Length:2,482.8mm

Beam - Uniform C/S Volume:0,0111224m"3
Mass Density:8,030kg/m"3
Mass:89.3125kg
Weight:875.262N

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

Section Standard-ansi inch/Al

SolidBody 60(Tube (square) Tube (square)/5 5Q x .375 Wall
TS5X5X0.375(1)[21]) Section Area: 0.0044758m"2
Length:2,482.8mm
Beam - Uniform C/S Volume:0.0111224m"3

Mass Density:8,030kg/m"3
Mass:89.3125kg
Weight:875.262N

C:\Users\mat.floyd\Docum
ents\PDMVault\MARVEL\R
eactor Design\Analysis
Models\Reactor Stand\8-
14-23\RSF.SLDPRT
Sep 512:45:02 2023

Section Standard-ansi inch/Al

SolidBody 61(Tube (square) Tube (square)/5 SQ x .375 Wall
TS5X5X0.375(1)[12]) Section Area: 0.0044758m"2
Length:460.892mm
Beam - Uniform C/S Yolume:0.00206286m"3

Mass Density:8,030kg/m" 3
Mass:16.5647kg
Weight:162.335N

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

Section Standard-ansi inch/Al

SolidBody Tube (square)/5 SQ x .375 Wall
63(Trim/Extend1) Section Area: 0.0044758m"2
Length:2,482.8mm

Beam - Uniform C/S Volume:0.0111224m"3
Mass Density:8,030kg/m" 3
Mass:89.3125kg
Weight:875.262N

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

>
i
o9
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Reactor Support Frame Analysis

. 1935 International Way Mat Floyd
18 WALSH |4abo Falls, 1D 83402 9/5/2023

Study Properties

Study name Thermal 1

Analysis type Thermal(Steady state)

Mesh type Beam Mesh

Solver type FFEPlus

Solution type Steady state

Contact resistance defined? No

Result folder SOLIDWORKS document
(C:\Users\mat.floyd\Documents\PDMVault\MARVEL\Reactor
Design\Analysis Models\Reactor Stand\8-14-23)

Units
Unit system: SI (MKS)
Length/Displacement mm
Temperature Kelvin
Angular velocity Rad/sec
Pressure/Stress N/m"2

I —————————.
2
o

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

1935 International Way
Idaho Falls, ID 83402

Material Properties

Mat Floyd
9/5/2023

Model Reference Properties Components
Name: | SA 240 316H SolidBody 3(Tube (square)
Model type: | Linear Elastic TS5X5X0.375(Tube (square)
Isotropic TS6X6X0.375(Tube (square)

Default failure

Max von Mises

criterion: | Stress

Thermal | Temp
conductivity: | dependent

Specific heat: | Temp
dependent

Mass density:

8,030 kg/m"3

TS5X5X0.375(1)[8])(weldment_4),
SolidBody 4(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[9]}(weldment_4),
SolidBody 5(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[5])(weldment_4),
SolidBody 6(Tube (square)
T55X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[1])}(weldment_4),
SolidBody 11(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[6])(weldment_4),
SolidBody 12(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[17])(weldment_4),
SolidBody 16(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[2])(weldment_4),
SolidBody 17(Tube (square)
TS5X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(1)[10])(weldment_4),
SolidBody 18(Tube (square)
TS5X5X0.375(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)

»

75
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

TS6X6X0.375(Tube (square)
TS5X5X0.375(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)
TS55X5X0.375(Tube (square)
TS6X6X0.375(Tube (square)
TS5X5X0.375(Tube (square)
TS5X5X0.375(1)[19])(weldment_4),
SolidBody 27(Tube (square)
TS5X5X0.375(Tube (square)
T56X6X0.375(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)
TS5X5X0.375(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),
SolidBody 63(Trim/Extend1)(weldment_4)

-

7Y
SOLIDWORKS

Analyzed with SOLIDWORKS Simulation
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: 1935 International Way
& WALSH

..... »: ldaho Falls, ID 83402

Mat Floyd
9/5/2023

Curve Data:

Elsstic Modules in X vs Tempeastue

Elastic Modulus in X vs Temperature

Thermal Expansion Coell. in X vs Temperabure

e o e T

& it i i

ket

2 appos s

Themmal espansion ceticie

§ 505 " H . + + . i
29425 B1Z46 HEH 116706

Torperstuen {Fair)

oo

Thermal Expansion Coeff. in X vs
Temperature

Tensile Stength in X vu Temgeerabure
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g
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g
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31082 2452 73812 95172 1.165.32
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Temperature

Thesmesd Conduciivity in X vs Temperabure
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Thermal Conductivity in X vs
Temperature

ield Shength vs Temperabure
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Yield Strength vs Temperature
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Specific Heat vs Temperature
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d 1935 International Way
& WALSH | ano Falls, I 83402

Thermal Loads

Mat Floyd
9/5/2023

Load name Load Image Load Details
Entities: | 8 Joint(s)
© e é Temperature | 325
¥ Fahrenheit
Temperature- 3_ -E
| [ e !
© @ o

2
i
7
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Reactor Support Frame Analysis
1935 International Way Mat Floyd
@ WAL Idaho Falls, ID 83402 9/5/2023
Entities: | 4 Joint(s)
Temperature | 65 Celsius
Temperature-

2

P
25
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1935 International Way
Idaho Falls, ID 83402

Mat Floyd
9/5/2023

Convection-1

Convection Coefficient (A M2 K):
Bulk Ambient Temperature [Kehin ()

Entities: | 24 Beam (s)

Convection | 4.93
Coefficient: | W/(m"2.K)

Time | Off
variation:

Temperature | Off
variation:

Bulk Ambient | 313.2
Temperature | Kelvin

Time | Off
variation:

Z-
235

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation
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Reactor Support Frame Analysis

1935 International Way Mat Floyd
8 WALSH |4abo Falls, 1D 83402 9/5/2023

Mesh information
| Mesh type | Beam Mesh |

Mesh information - Details

Total Nodes 1088
Total Elements 1072

Time to complete mesh(hh;mm;ss): 00:00:01
Computer name: BLACKBIRD

2
A
25
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B 1935 International Way
8} WALSH \aho Falls, 1D 83402

Mesh Control Information:

Mat Floyd
9/5/2023

Mesh Control Name

Mesh Control Image

Mesh Control Details

Control-1

Sy A e i

M

AL L

P i 0 L s o L Ll

Entities:

8 Beam (s)

Number of
Elements:

55

Control-2

':I
5
5
o
5
3
-
5

Entities:

4 Beam (s)

Number of
Elements:

50

-2

g
7Za

SOLIDWORKS  Analyzed with SOLIDWORKS Simulation
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Reactor Support Frame Analysis
: 1935 International Way Mat Floyd
18 WALSH | dano Falls, Ib 83402 9/5/2023

Entities: | 8 Beam (s)

Number of | 30
Elements:

R
X
5
Control-3 :
£
:
Entities: | 4 Beam (s)
Number of | 20
Elements:
b
if
Control-4

vy LR, e o DL R LD a2

|
-2
£
7
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: 1935 International Way
& WALSH o Falls, 1D 83402

Study Results

Mat Floyd
9/5/2023

Name Type Min Max
Thermall TEMP: Temperature 104°F 325°F
Node: 815 Node: 1

ol 10Dzt o Macheeds-]
el Thwemal |

RSF-Thermal 1-Thermal-Thermal1

.

7
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Reactor Support Frame Analysis
&} vwwaLsH H H H 1935 International Way
@ L Tlpplng Ana|y5|s Idaho Falls, ID 83402

The purpose of this analysis is to determine the force that will initiate tipping of the Reactor Support Frame (RSF).

By == W

l& -

[

I

Sivep - —-— - —— | lf— F
i
|
]
|
: SMy=0

D2 J -WeD1 + FeD2 =0

|
! Solving for Force to tip:
: F=WeD1/D2
I
|
!
|
|

e I =

W:=(16625+2500) Ibf Weight of the equipment placed onto the RSF plus the weight of the RSF per
Solidworks Computer Aided Design (CAD).

D,:=(89-11.18) in=77.8 in Horizontal location of CG per Solidworks CAD.

D,:=38 in Vertical location of CG per Solidworks CAD.

WD,
F::

=39166 Ibf Force required to start tipping the RSF.
2

Jlﬂ‘sm-m_m?-c::\,/[W-.S?’T)2 +(W-..377)* =10197 Ibf  Per seismic inputs per ECAR-6601, loading onto the RSF,
less than force required to tip, acceptable. Additionally,
the RSF will be bolted down with 4 bolts per floor plate.

seistnie

=0.26 Demand to capacity for tipping, less than 1, acceptable.




