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1.0 PURPOSE

Orano Federal Services has designed the cradles and attachments for the Department of Energy (DH0OE) Atlas
rallear. The design phase included support cradle conceptual desizns for 17 different spent nuclear fiuel (SMEF)
transportation casks. Orano Federal Services has collaborated with Transportation Technology Center, Inc.
(TTCT) to perform dynamic modeling of the 17 cask and cradle combinations. As part of this modeling effort, test
loads somulatmg the mimnmm and maxmwnm condition cask/eradle combinations (2 of the 17) are required.
Orano Federal Services caleulation procedure AFS-ENG-PRC-002 [45], ths calculahion venfies that the
mmrmum and maximm test load mertial properties match those of the MP197 (punimnm condrfion) and HI-
STAR 190 X1 (maxmum condifion) cask/cradle combmations (See Figure 2-2 through Figure 2-5) from the
preceding design phase activities. These inertial properties mclude the test load weights, Center of Gravity (CG),
and Mass Moment of Inertia (MMI). In addiiom, this caleulation verifies that the design of the test loads 1=
structurally adequate for the Associahon of American Railroads (AAR) Open Top Loading Fules (OTLE) inertial
loads (Section 5.1 of [1]) and any anticipated handling/lifting loads apphed dunng TTCI physical testing.

2.0 METHODOLOGY

Section 4.3.2 deseribes the railear test loads needed for use during the Atlas Phase 4 Sinple Ralear Testing and
Phase 5 Multi-Railcar Testing. The inertial properties (weight, CG and MMI) of both the murimum and
maxinmm condibon test loads and thewr accompanymg minmmrm and maxmmum condition test load cradle
vanatons 15 caleulated based on the desipn drawings for each:

Maxymum Condifion Test Load — Drawing 3020460 [2]

Minmmum Condition Test Load — Drawimng 3020458 [3]

Maxmmum Condifion Test Load Cradle — Dawing 3020461 [4]

Minmmum Condition Test Load Cradle — Drawing 3020459 [5]

The Solidworks™ Preminm 2016 (W) models used with these drawings will be memorialized herein with data
model, which result in a neglizible impact on resulis. A companson of these test load values will be checked wath
the design phase cradle and cask data as documented m CALC-3015934 [20]. Some of the data from the
comparison caleulafion may be extracted from the onmnal desipn caleulations and drawings to ensure the meost
accurate companson. The acceptance critena for these inertial property checks are covered in detail in Section
432

For the structural calculations, the test load strongback (See Figure 2-1) 15 used with both the minomum and
maximum condrbon test loads. Key features of the stronghack structure will be structurally venfied wath the
apphed design loads taken separately, 3z longitudinally, 2g laterally, and 2g vertically m the most conservative
load ecasels) [6]. Classic strength of materials equations will be applied and compared with the matenal weld
siness.

The he-rods nsed for securing the “Throp-In”™ weights (See Figure 2-6 and Figure 2-T) on the test loads are
checked agamst the Allowable Loads from the American Instifute of Steel Construction (ATSC) Steel
Constmuction Manual (SCM) [17]. Simmlarly, the “Dirop-In™ weights securement o the Test Load Strongback with
structural bolts will be verified to comply with the ATSC Allowable Strength Design (ASD) criteria. Of note, it is
recognized that nesther the tie-rods, nor the bolts as wsed m thos apphcation are “steel buildings and other
structures™ as defined m the scope of the AISC code. However, the code 15 conservatvely used for these fastener
components strength and shp-critical connection venification checks.

Althongh the test loads are not a Balow the Hook Lifting Device, the hfting evaluations for the 1ift points are
analyzed uhilinng the general methodolosy contamed m ASME BTH-1[18], as apphcable.
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Other portions of both the test load structure, mehiding welds for the strongback strocture and hfting attachment
structural capacity will also be venfied for adequacy when compared to zllowable yield stress. Classie strength of
materials equations will be apphied and compared with the material base metal or weld metal yield stress for the

material.
gadg:e Shear
End Stop End Stop WI,JEFEIQ hE: I'(E!y:
Plata Suppart ; Weicht
) ] Ribs . A

Main Beam d —
. ke A MP-197
T Cradle
Stronghack Shear Key
Endcap Cut-Out
Saddle
Plate

Figure 2-1: Test Load Strongback Structure

Figure 2-2: HI-5tar 190 X1 Depiction on Atlas Railcar
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Figure 2-5: MP-197 Minimum Condition Test Load Depiction on Atlas Railcar
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Figure 2-6: Minimum Condition Test Load Drop-in Load Connections
Motes:

“Tast Long Strongback” is “Central Beam Weldment A2” on Drawing 3020935 [33]

“Shear Key Weight” is “Bundle Assembly A3 on Drawing 3020935 [33]

“Saddle Bundle Weight” is “Saddle Bundle Assembly A4” on Drawing 3020935 [33]

“Winimum Drop-In #]1 Weight” is “Minirmm Weight 7 Plate Assembly A2 on Drawing 3020458 [3]
“Winimmum Drop-In #2 Weight” is “Minimmm Weight 8 Plate Assembly A3" on Drawing 3020458 [3]
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dax Crrop-In

Max Drop-In. |45 Weigh Max Drop-in.
Ha gt e 1 Weight
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™y

T Drop-Tn.

2 Weight

1.5-5 UNU Threadac
Hods x4

Figure 2-7: Maximum Condition Test Load Drop-in Load Connections
Motes:
“Marmmum Drop-In #] Weight™ 15 “Bax Weight 25 Plate Assembly A3™ on Diawing 3020460 [2]
“Mammum Drop-In #2 Weight”™ 15 “Max Weight 34 Plate Assembly A" on Diawing 3020460 [2]

“Waximum Drop-In #3 Weight” is “Max Weight 29 Plate Assembly A4” on Drawing 3020460 [2]
“Waximum Drop-In #4 Weight” is “Max Weight 21 Plate Assembly A5” on Drawing 3020460 [2]
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3.0
31

ASSUMPTIONS

Unverified Inputs/Assumptions

There are no Unvenfied Assumptions.

3.2
32l

322

323

324

Justified Assumptions

The merhal properties from Caleulation CALC-3015934 [20] are assumed to represent the test
load conditions for both the mimpmm and maxmm design-phase cask models. This reflects the
fact that CATLC-3015934 provides simplifications in the MMI calculations (e.z., casks are
modelled as sohd nght, cirenlar eyhinders with po separate peometnc representahion of the impact
lmiter’s mass).

methodology (See Table 1-3 of [T]).

When computing mertial properties, personnel barmiers are neglected from the SW models for
both the test load cradles and the design-phase comparator eradle.

Justification: In accordance with § 2.2 4.7 d of the Design Basis Requirements Document
(DBEL) [6], the test load cradles will not have persomnel barners. In addifion since the barmer's
overall mass 15 small, the bamer’s overall mmpact on these mmertial properties 1s iInconsequential
The design-phase cradle models in drawmgs 3015139 [23] and 3015137 [25] for the MP197 and
HI-Star 190 X1, respectively, also excluded personnel barmers.

The reference concepiual design phase MP197 cradle in drawing 3015139 [23] shows that the
shear key for locating the cazk lonprindmally on the cradle 1= offset 1. 7740 to one side. Both the
input comparator caleulation CALC-3015934 [20] apd the muiminmim condrfion test load cradle
DWG-3020459 [5] have the cask centered on the cradle, not offset to one sade. Therefore, the
model used mn this calculation, which represents the reference conceptual design phase MP197
cradle from drawing 3015139, will consider the shear key cutout centered (See Table A-2).
Justification: In accordance with TTCI comespondence [8], a longitnding]l CG location further
offset from the grometnic centerline 15 more conservative for dynamic modelling considerations.
Therefore, cenfering the comparison cask location on 1ts cradle thereby ot compensating for the
cask’ sucEfsetCGwauldalsabemnniemdmecm:smah“! This wounld also be a more
reah=hc confipuration of the cask’s actual CG location on the cradle once any final cradle design
is complete. Doing so also has the benefit that the reference caleulation CALC-3015934 used as
imput and as the comparator does not need revision to match the Revision () conceptual cradle
drawings.

The longrtudinal CG of 17.70 mehes for the HI-STAR 190 XL reference maxmmm condition
cask stems from caleulafion CATLC-3015133 [26]. However, no sowce for a longitudmal offset
CG location was located m CATC-3015133. Monethelass, this longitadinal CG value wall be
assumed conservative for the companson evaluafion.

Justification: A longitudmal CG location further offset from the geometnc centerline 15 more
conservatmve for dynamic modelling conaderations [8]. Cask vendor confirmed a longitudinal
C offset that 15 nominally on center £7-in , which 15 less than the conservatively as-modelled
17.704n. condition [9].
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325 The longrtudimal CG offeet of 1.15 immches for the MP197 reference minimm condition cask

stems from calculations for a loaded cask, pot an empty cask (See Table 5-1 of [20]). The actual
empty cask longitudmal CG was caleulated at 1.58 mehes {104 inches — 102 42 inches (from
[22]}. However, the 1_15-mn longitudinal CG value will be assumed for the companson
evaluation.

Justification: DOE has reviewed and approved the medelling assumptions for the MP197 Cask
{See Table 1-3 of [TT).

326 For structwral evaluations of the test loads, 1f is assumed that matenal property reduchions are
unnecessary (e.g., pull-ductility studies are not required for low temperature conditions) for any
temperature-related considerations, including for hfting operations. Therefore, consistent with
Secton 1-4.7 of ASME BTH-1 [18], the desizn provisions of this caleulafion are considered
apphcable when the service temperature 1= within the range of 25°F to 150°F. Therefore, no

matenal property reductions are required beyond the minimmimes reqmured in the material
specifications.

Jushfication: The mmerhal load evaluations are based on the OTLE. mamal acceleration forces,
which 15 essentially for accident-based conditions, not normal condiions. Therefore, by
engineering judgment, the imposition of different matenal properties for low or lagh temperature
service 15 deemed unnecessary. In addition, for operational and handbmg activites (meluding
Lifting), all lifis are expected to ocour indoors and thus oI and meowom service

temperatures are controlled, therefore no matenal property reductions are apphed.

327 Nominal weights of all components are assumed with no admstment for matenal size or thickness
vanatons from nopinal. In addibon, no melusion of weld wire weight 15 added to the nerhal
property analyses.

Justification: The tolerance ranges for the mertial property acceptabality i Table 4-6 and
Table 4-7 are wide encugh to justify excluding varance of material sizes and weld allowances.

4.0 DESIGN INPUTS

4.1 Test Load Material Properties

The matenal strength properhes listed in Table 4-1 are used i the design of the test loads. The proof, vield, and
ultinate stresses are the punivmm vahoes found m the ASTM standards. The test load structure 15 primanky
ASTM A36, plam carbon structural stee]l while the hardware and te-rod matenial 15 hagh strength low-alloy steel.
A couple ufﬂmumﬂlemmpmm (1.2, shear key and pin sleeve mserts) used with the mmirmm condition cradle
are stainless steal.

SW mode] materials are defined nsing densities taken from ASME B&FV Code Section II, Part I, Table PRD
[10] for Carbon Steels and Low alloy steels with a density of 280 Ib/in” and 290 Ih/in® density for High Alloy
Stesls (300 serie=). For caleulation of comparison weaght=, density for the rubber nzed with the design phase HI-
Star 190 XL cradle (for cask cushioning on saddles) is .04 Ibfin® [11].
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Table 4-1: Test Load Material Strength Properties
Minimum Mimivmmm
Alaterial Proof Stress | Yield Stres: | Ultimate Stres=z
(esi) (esi)
ASTM A36 Plate [12] NiA 36
ASTM F3125, Grade A325 Bolt Matenial [28] 85 92
ASTM AS63, Grade DH Heavy Hex Nut Matenal 175 NA
[13] (non-mne coated) -
ASTM A193, Grade B7 Threaded Rod Material WA 105
(2-1/2-4n dia and under) (Table 2 of [14])
ASTM ALDB, Grade 1018 Round Bar [15] (2 to 3-m.
thickness) in accordance with Table 2 of ASTM A 45
A311[16]
4.2 Design Loads

longitudinal, 2g lateral and ?g vertical transportation loads. These specified accelerations are listed in Table 4-2,
and are applied to each component/assembly weight mdependently. In addition, as identified m Table 4-2_ m

accordance with § 2.2 4 8 b of [6], the overall and component load forces are increased by a 10% factor.

The mmirmm and maximum condition test loads and their modular component weights are designed to support
thewr own weight for handhng and operational condibons (See § 2.2.4 4 a of [6]), whnch are primanly hfhng
operations. In addition, for structural hftng evaluations, a dynamac loading factor (DLF) of 1.15 15 used with
respect to lifted weight values (See with § 2.2 4 4 o of [6])

Table 4-2: Applied Acceleration Loadings on Test Load Components

I Test Load Weight | Minimwm
Direction Acceleration (g} Comparizon Increaze | Condition
Weights (MinMlax) | Factor |Inertial Load] Inertial Load
Lonzitudmal {(Asxal) |3 176.7 kaps/420.1 kips |1.1 583.1 kaps
Vertical 2 176.7 kaps/420.1 kaps |1.1 3887 kaps
Lateral 2 176.7 kaps/420.1 Japs [1.1 38E 7 kaps
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4.3 Acceptance Criteria
4.31 Allowable Limits

The weld, proof, and ultimate tensile stress are the structural matenal strength hmits and are listed in Table 4-1.
As needed, shear or compressive allowable stress limits will be determined within the calculation body. For the
bolting and tie-rod caleulations, allowable hmits from the ATSC SCM [17] using ASD methodology are
conservatively used. Otherwise, loading stresses for the imposed load cases of 3g longitudimal, 2z lateral and
2z vertical load cases are compared directly agamst vield stresses. As stated m Secton 4.2, this calenlation 1=
performed using applied forces that are +10% of the pominal caleulated weight values.

Margzins on all allowables are caleulated nsmg the followning formula, reporting as a percentapge vanance to the
allowable linut-
Allowable — Required
Allowable
Values (%% and above are acceptable winle valoes below are not.

For hifing attachment evaluahions, ASME BTH-1 (Chapter 3} [18] demizn allowable cnterna are mmposed

(See § 224 4 cof [6]). Based on anticipated usage at TTCL, struchural Lift points are categorized as Design
Category A, Serace Class ) in accordance with Chapter 2 of [18]. This 15 considered vahd sinee the hfting
features of the test load will have limmited wse (< 20,000 cycles) durng the testing of the Aflas railear, and will be
hifted in a controlled manmer according to standard ngzing practices. As such, for hftmg structural assessments, a
nomunal design factor of 2.0 to hout states of yielding or buckling, and 2 4 to hout states of fracture are utihized
heremn Since the hftimg speed of the crane 15 expected to be slow, due to the large scale of components being
hifted the dynamie loads will be small Thus, 2 conservative DLF of 1.15 15 assumed to account for the dyname
forces, which 1= consistent with Section 4.2,

Margin =

4.3.2 Test Load Conditions Inertial Data Acceptance Criteria

The test load 15 defined as the weight of the dumnyy cask payvlead (Le., test load) used to simmlate an actual gren
bounding conditon ranlear cask. Two conditions (ounimwum and maxinmm) are evaluated to simulate both a
mumirum load condition and a maxiwmom load condibon. The “load™ condition refers to the Atlas railcar, m
addition to the cask and 1 support cradle, any load seruwrement components {(1e., axi1al end stop plates) and the
railear securement attachments (See Figure 2-3 and Figure 2-5). The test setup confizurations will represent these
actual mimmm and maxmum conditions via the followmng: a test load cask, a test load cradle, actual end stops
(if apphicable), the tested Atlas ratlear, and any cradle/end stop attachment components. & companson betwesn
the analy=ed conditions for the acmal minimmum and maawum condiions will be checked with respect to the
design phase confipuration. The parameters of interest for comparison melude the followme: weight, CG
locations (vertical, lateral and longitadmal), the Mass Moments of Inertia (3, Y and Z-axes), and the lowest
natural (modal) frequency. Of note, for the comparator evaluation CALC-3015934 [20] used beremn, Justified
Assumption 3.2.1 states that the cask component mass 15 normahzed over a sohd cylmdrical body for the MM
determmations. In addihon, as stated m Justified Assumphon 3.2 2 for the companson cradles, persomnel bamers
are not inchuded in the mertial properties.

A summamzed companson of the overall test load werghts (munimmm and mammm condiion) are histed 1
Table 4-3 and Table 4-8, respectively, with each of the pumimmm and maximmm design phase and expected test
load configurations shown m Figure 2-2 through Figure 2-5. Table 4-4 and Table 4-5 provide the extracted target
eriteria used for establishing the test loads and their eradle’s inertial properties, respectively. A detailed,
mdividualized companson of the mmimmm and maxommm conditons 15 provided in Sections 4.3.2. 1 and 4.3.2.2,
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Table 4-3: Analyzed Atlas Railcar Weight Comparison with Expected Atlas Railcar Test Configuration

[Minimum Condition)
Actual Atlas Railcar Evaluated Desizn Phase ) . .
Component Parameter Configuration e i —
Atlas Balear Weaght 1950006 — Analyzed Balear 195,000 Ib — Assume Proposed Test
(Sechon 5.4 of [19]) Railcar 1s hghtest railcar
Payload Waight 176,710 [b — MP197 Empty Cask 172 298 Ib — Mimmmm Test Load Cask
(See Table 5-1 of [20]) Fepresentation (See Table 5-2)
Cask Cradle Weght 24,366 b (See Table A-1) 22 888 Ib — Mmoo Test Load Cradle
_ Fepresentztion (See Table 5-4)
Banlcar Attachment Components |28 332 Ib — (Table 3-1 of [19]) 28,614 Ib (See Table 5-6)
Table 4-4: Cask Target Criteria for Reference Inertial Property
Inertial Property Minimum Condition Test Load Cask Maximum Condition Test Load Cazk
(Empiy MP-197 Cask) (Loaded HI-STAR 190 X1 Cask)
Minmum (Empty) 176,710 (Table 5-1 of [20T) Mot Applicable
Cask Weight (Ib)
Maxmmum (Loaded) (Mot Apphicable 420,769 (Table 5-1 of [20])
Cask Weight (Ib)
Vertical CG from 6250 (Table 5-1 of [20]) 65.00 (Table 5-1 of [20])
railear deck (inches)
Lateral C from 0 {Table 5-1 of [20]) 0 ({Tahle 5-1 of [20])
railear center (inches)
Longmitudinal CG from (1.15 (Table 5-1 of [20]) 17.70 {Table 5-1 of [20T)
railear center (inches)
FRotational MR 729,798 421 (Table 5-3 of [20]) 2399 616,416 (Table 5-2 of [20T)
Vertical Axis (Tb = in®)
Faotational MR 729,798 421 (Table 5-3 of [20]) 2,399 616,416 (Table 5-2 of [20T)
Lateral Axis (b = in®)
Fotational MM 184 932 537 (Table 5-3 of 207) 596,558,399 (Table 5-2 of [20T)
(I x in’)
Minrmwm Modal 141 (52243 of [6]) 14.1 (52243 of [6]}
Frequency (Hz)
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Table 4-5: Cradle Target Criteria for Reference Inertial Property
il P Minimum Condition Maxmum Condition Test Load Cradle
Inertial Test Load Cradle (MP-197 Cradle) (HI-STAR 190 X1. Cradle)

Cradle Weanght (Ib) 24 366 (Table A-1) 12368 (Table A-3)
Vertical CG from railear 16.80 (Table A-2) 2212 (Table A-4)
deck (mnches)
Lateral C from railear -0.02 (Tabla A-2) 0 (Table A-4)
center (mches)
Longmitudmal CG from -0.01 (Table A-Z) -0.18 (Table A-4)
railcar center (inches)
Fotational MMI Vertical 78,164,217 (Table A-2) 47,747,964 (Table A-4)
Axis (Ib = m%)
Rotational MM T ateral 50,623 981 (Table A-2) 37,932 623 (Table A-4)
Axis (Ib x in*)
Rotational MM 50,158,279 (Table A-2) 20 548 022 (Table A-4)
Longitudinal Axds (Tb = in)

4.3.21 Minimum Test Load Condition Weight, CG and MMI Acceptance Data

The mumimmum condition 15 represented by the hghtest combination of unloaded cazk (1.e., no SNF camster), 1fs
concepiual design phase cradle, and the railear attachment components. In accordance with Appendx A of
EIR-3018318 [21], the MP 197 Cask and its design phase cradle represent the minimmm load condition

(See Figure 2-4). This is considered the mumnmim condifion confipuration since it has no end stops and 15 2
hghter confipuration than a HI STAFR 60 cask with 1= cradle and end stops. A summary weight companson of the
mummum conditon test load between the MP 197 and its test load on s cradle 1s provided in Table 4-3, and a
depiction of the representative test load on its eradle 15 shown in Figure 2-5.

Based on the target data for the Mininmm Condition Cask and Cradle from Table 4-4 and Table 4-5 mputted mto
the SW model, the combined caskferadle mertial properties are determmed for the mumirmom copdition test load
Based on the 5W models used herem Table 4-6 below provides the combmed cask/cradle mertial property
requiremnents used for the comparator checks 1n Sechion 7.0, Resolis'Conclusions. This data 15 pulled from the
SW meodel data shown m Figure 4-1 which uses the sub-assembhes “MMP197-100-A2 sldasm™ and

“WMP197 sldasm™ m the top-level assembly “Test Load Railear Top-Level sldasm™ and wath the “MP197 Actual™
configuration activated. With both selected m SW, the two sub-assembhes are 1solated uvsmg the

“WView Dhsplay/Tsolate™ Command Then the “Tocls/EvaluateMass Properties™ command 15 picked withm ST,
resulting m the generaton of Figure 4-1.
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432141 MP19T Cask Inertial Properties

The MP-197 Cask used for companison is provided in CATC-3015934 [20]. The minmwm (empty) MP197 cask
weight 15 listed at 176,710 pounds m Table 5-3 of [20]. The CG values from Table 5-1 of [20], hsts the vertical
CG location as 625 mehes, the longitudinal CG location as 1.15 inches and the lateral CG location as 0 inches.
For reference in this caleulation, 1t is noted m Footnote 3 to Table 5-1 of [20] that the 62_5-in. vertical CG
locahon 15 raised Y-in fo compensate for the placement of the cradle on the ralear afftachments Y2-n thick shim
plate. It1s also recogmized that the longitudinal CG of 1.15 mehes stems from caleulations for a loaded cask, not
an empty cask. The actual empty cask longmitudmal CG was calculated at 1.58 mches {104 mnches — 102 42 mches
(from [22])}. However, the 1.15-in_ longitudinal CG value will be assumed for the comparison evaluation (See
Justhfied Asswmphon 3.2.5). The cask weight and CG data were normalized over the cask body diameter {a nght
eircular eyvlinder of 125-4in. & by 208-in. length) in CATC-3015934 in crder to establish the MMI values m Table
5-3 of [20] (See Tustified Assumption 3.2.1).

4.3.2.1.2 MP-197 Cradle Inertial Properties

The MP-197 Cradle used for companson 15 showm as part of the Family 3 conceptual cradles on drawing 3015139
[23]. The “Dhnamic Modeling Inputs” caleulation CALC-3015%34 [20] used this MP-197 cradle desizn in 1fs
evaluation of mmerhal properties. A SW overnde weight of 26,000 pounds was used m CALC-3015934, since that
weight was based on hand calculations m CATLC-3015135 [24] doven from geometry on drawing 3015139 [23].
However, for a2 more accurate companison, the weight and CG calculated from the SW models are used  These
SW models are alsoused by CALC-3015934 and used to penerate drawing 3015139, The Appendrs A 3.1 of [20]
representatrve SW model provides a total weight of 24 366 pounds for the cradle. This SW model 15 used berem
and a summary of the weight 15 histed mn Table A-1. However, the 5SW model 15 tweaked with Tushified
Assymphon 3.2.3, ensuning the longitudimal placement of the cask upon the cradle 15 not offset from the
geometric center. The CG and MMI for the MP-197 Cradle are shown in Table A-2.

Table 4-6: MP197 Cask/Cradle Combination Comparison Acceptance Criteria for Reference Inertial Property

Comparator Minimum Condition Cask/Cradle
(Empty MP-197 Cazk on Cradle)

Minimnm (Empty) CaskCradle Weight (Th) | = -3% of 201,076

Inertial Property

Vertical CG from railcar deck (inches) +25.in of 56.96
Lateral CG from railcar center (inches) + 50-in. of -0.028
Longitudinal CG from railear center (inches) |+ 50-in of 1.07
Rotational MMI Vertical Axis (Ib * in’) +10% of 807,993.293
Rotational MMI Lateral Axis (b x in®) +10% of 824,202,094

Rotational MMI Longitudinal Axis (Ib * in’) |+10% of 278,839 838
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Figure 4-1: MP197 Cask and Cradle Minimum Condition Inertial Property Comparison

4.3.2.2 Maximum Test Load Condition Weight, CG and MMI Acceptance Data

The maxmmmm condihon test load 15 represented by the heaviest combinahion of loaded cask (1Le., with SHF
camster), ifs concepiual design phase eradle and any lonpriudingl end stops. In accordance with Appendix A of
EIR-3018318 [21], the HI-STAR 190 XL cazk and its design phase cradle with longituding] end stops represent
the maximm lead condition (See Figure 2-2). A summary weight comparison of the maxmum condibon test
load between the HI-STAR 190 XL and its test load on 1t cradle is provided in Table 4-8, and a depiction of the
representatrve test load on its cradle 1s shown m Figure 2-3.
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Based on the target data for the Maxomum Condition Cask and Cradle from Table 4-4 and Table 4-5 mputted into
the 5W model the combined cask/cradle inertial properties are determimed for the maxirmm condition test load
Based on the SW modsls used herem Table 4-7 below provides the combmed cazk/eradle mertial property
requirements used for the comparator checks m Section 7.0, Resuolts/Conchisions. This data 15 pulled from the
SW model data shown 1n Figure 4-2 which uses the sub-assemblies “190HL Cask sldasm™ and “190 XL Skid
Assembly sldasm™ in the top-level assembly “Test Load Railcar Top-Level sldasm™ and with the “HI-STAR
191 Actual” confisuration activated With both selected m SW, the two sub-assemblies are isolated using the
“View Display/Tsolate” Command Then the “Tools/EvaluateMass Properties™ command 15 picked withm SW,
resulfing m the generation of Figure 4-2.

The TTCI dynamic modelng plan also requires a masommm vertical height CG condition. The macmmm weaght
condition with the loaded HI-STAR 190 X1 cask also represents the lnghest verfical CG condition. In part, thas
maximum vertical CG venfication check 15 necessary in order to ensure the combmed maarmum railear vertical
C G height 1s below 98 inches (See Section 5.4 of [19]). Therefore, the total vertical CG bheight of the loaded
maxmum condrbon raulear will be venfied The hightest raslear weight of 195,000 pounds (See Table 4-8) wall be
used to verfy the 98-in. value 15 observed, smee a lighter ralcar will have less mfluence i lowenng the overall
vertical CG height. Table 4-8 below provides a chart of the parameters needed as a companson for a
determination of the maximwm test load total vertical CG height. For the railear vertical CG companson
evaluation, the ralcar deck height 1s conservatively sef at the unloaded deck beaght of 59.25-1n. from the top of
the rail to deck surface (Section 5.4 of [19]). In addition, the railear vertical CG 15 located 353 inches from the
top of the rail to deck swrface (Section 5.4 of [19]).

Thes maxmmm vertical railear CG 1s based on the following components: Maxrmim Test Lead, Maxmum Test
Load Cradle, 195-kip Railear, Railear Attachment Components, and End Stop Assemblies (See Table 4-8 for a bist
of the design phass parameters and the Test Analysis Configuration). The Failcar Attachment Components
weight and CG are determyined in Appendix A of CALC-3015276 [19]. The End Stop weight was determined in
reference inputs to the comparator calenlation (Table 4-3 of [207) as 40,000 pounds. The actual medels of the end
stops from those reference inputs, specifically the desipn phase drawmg 3013137 [25] 1= used for makony the
comparisen. The End Stop reference vertical Ci location 1s listed m Table 4-3 of [20] as 62.2 inches.

Table 4-7: HI-STAR 190 XL Cask/Cradle Combination Comparison Acceptance Criteria for Reference Inertial
Property

Comparator AMlaxmuom Ceondition Cask'Cradle
{Loaded HI-STAR 190 XL Cask on Cradle)

Maximum (Loaded) Cask/Cradle Weight (Ib) | = +5% of 433,137

Inertial Property

Vertical CG from railcar deck (inches) +75-im. of 63.73
Lateral CG from railcar center (inches) £50-in. of 0
Longitudinal CG from railcar center (inches) |+.50-in. of 17.19
Fotational MMI Vertical Axis (Ib * in) =10% of 2,451.205,788
Rotational MMI Lateral Axis (Ib * in®) =10% of 2.462.970,267

Rotational MMI Longitudinal Axis (Ib x in®) |+10% of 647,686,241
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Figure 4-2: HI-5TAR 190 XL and Cradle Maximum Condition Inertial Property Comparison
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Table 4-8: Analyzed Atlas Railcar Weight Comparison with Expected Atlas Railcar Test Configuration
(Maximum Condition)

CMAﬂT;mr ETI]‘I::I.'III].D-EEIEEI Phase Aflas Railear Test Load Confiearation

Atlas BEalear Weaght 195000 Ib — Analyzed Ealear |195,000 Ib — Assume same as design phase
(Section 5.4 of [19], Sechion
4327

Atlas Railear Vertical CG -23.95 mches (-39.25+353 -23.95 mches (-39.25 + 353 mnches) (See Section

from railcar deck inches) (See Section 4.3.2.2) 4.3.2.7) — Assume same a5 design phass

Cask Weight 420,769 Tb — HI-Star 190 XL 417990 Tb — Maxmmum Test Load Cask
Loaded Cask (Table 5-1 of [20]) |Representation — (See Table 5-3)

Cask Verteal CG 65.0 inches — (Table 5-1 of [20]) |65.06 mches — (Sea Table 5-3)

from railcar deck

Cask Cradle Weight 12,368 Ib — HI-Star 190 XL 12,866 Ib — Maoumum Test Load Cradle
Cradle (See Table A-3) Representation — (See Table 5-5)

Cask Cradle Vertical CG 2212 mches — (See Table A-4) [22.20 mches — {Sea Table 5-10)

from ralear deck

Longitudimal Fnd Stop Weight [40,000 Ib— (Table 4-3 of [20]} (42,161 Ib — (See Table 5-T)

Fnd Stop Vertical CG 622 inches — (Table 4-3 of [207) [47.8 inches — (See Table 5-14)

from railear dack _

Eailear Attachment Components |28.333 Ib — (Table 9-1 of [19]) | 28,614 Ib— (See Table 5-6)

Railear Attachments Vertical CG|7.99 inches — (Table 8-1 of [19]) [7.49 inches — (See Table 5-13)

from railear dack

4.3.2.21 HI-Star 190XL Cask Inertial Properties

The HI-Star 19031 Cask used for companison is provided in CATC-3015934 [20]. The madwnm (loaded)
HI-Star 1901 cask weight is listed at 420, 769 pounds in Table 5-2 of [20]. The CG vahies from Table 5-1 of
[20], lLists the vertical CG location as 65.0 inches, the longitudinal CG location as 17.70 inches and the lateral CG
locahon as () mches. For reference in thas calculation, 1t 1s noted m Footnote 3 to Table 5-1 of [20] that the
65,04 vertical CG location 15 raised Y2-n to compensate for the placement of the cradle on the railcar
attachments %%-in thick shim plate. It is also recognized that the longitudinal O of 17.70 inches stems from
caleulation CALC-3015133 [26]. However, no source for this data was located m CATC-3015133. Monstheless,
this longrindmal CG value will be assumed conservative for the companson evahiation (See Justified Assumption
324). The cask weight and CG data were normalized over the cask body diameter {a nght ercular cybnder of
130-n. & by 23740 length) in CALC-3015934 in order to establish the MMI values m Table 5-2 of [20] (See
Justified Assumption 3.2.1%.

4.3.2.2.2 HI-Star 190XL Cradle Inertial Properties

The HI-Star 19X Cradle used for comparison 15 shoam as part of the Family 1 conceptual cradles on drawing
3015137 [25]. The “Dynamic Modeling Inputs™ caleulation CATC-3015934 [20] used this HI-Star 19031 cradle
design in 1ts evaluation of merhal properties. A SW overnde weight of 13,636 pounds was used m
CATLC-3015934, since that weight was based on hand caleulations in CALC-3015133 [26] diven from peometry
on drawing 3015137 [10]. The 13 ,636-pound weight valee was calculated based on a 10, 776-pound cradle
without personnel barmer weizht plus a 2, 758 -pound personne] barmer weight. However, for a more accurate
comparison, the weight, and CG calculated from the SW models are used. These SW models are also used by
CALC-3015934 and used to generate drawimg 3015137, The Appendix A 1 of [20] representative SW modal
provides a total weight of 12 3679 pounds for the cradle. Thas 5W model is used berein and a surmmary of the
weight 15 listed in Table A-3. The CG and MMI for the HI-Star 10X Cradle are shown in Table A4,

Page |-24 May 1, 2019



Orano Federal Services
orano Title: Design and Prototype Fabrication of Railcars for Transport of
High-Level Radioactive Material Phase 3 — Prototype Fabrication and Delivery
Appendix |

Doc./Rev.: EIR-3021970-000
Project:  00225.03.0050 DOE Atlas Project

CALC-3021251-D00

Page 24 of 25
A AREVA Federal Services LLC
AREVA Title: Structwral Evalnation of the ATLAS Eailear Test Load
Doc. /Rev.: CALC-3021251-000
Project:  00225.03.0050 - DOE Aflas Railear Page 14 of 95

5.0 CALCULATIONS

As stated i Tustified Assumphion 3.2.7, all structural evaluations are assumed with nominal matenal sizes and
with the exclusion of weld wire material In addibion, as stated in Jushified Assumphon 3 2.6, all struchoral
evalnations are assumed with nominal material temperatures.

51 Test Load Inertial Values

The merhal properties {weight, CG and MMT) for the Mmimmm and Maxmum Condrfion Test Loads and Test
Load Cradles are defermined nsing Solidworks" Premium 2016 Computer Aided Desizgn (CAD) software.
Likewise, inertial properties for the End Stop assemblies and Railear Attachments for the Masanmim Test Load
Condition overall railear CG defermmation are evaluated using SW. The merhial properties output from SW use
the designs documented by the following drawings and the same basic parent 5SW models:

Maximum Condition Test Load — Drawing 3020460 [2]
Minimum Condition Test Load — Drawing 3020458 [3]
Maximum Condition Test Load Cradle — Drawing 3020461 [4]
Minimum Condition Test Load Cradle — Drawing 3020439 [3]
Maximum Condition Fnd Stops — Drawing 3015137 [23]
Railcar Attachments — Drawing 3015278 [27]

The den=ity for the models wsed with the components of these drawmgs 15 provided m Section 4.1. However,
where required the densifies m the parent SW modsls from the above drawings have been comected to match the
densihies nsed from Sechon 4.1

5141 Weight Determinations

Based on the drawings and parent SW models, each of the piace component and subaszsembly weights, denarhies,
and total weight tallies are listed in Table 5-2, Table 5-3, Table 54, and Table 5-5 for the Minimum Condition
Test Leoad, Maximmm Condihon Test Load, Mimmum Condihon Test Load Cradle, and Maxmmum Condition Test
Load Cradle, respectively. As stated in Fustified Assumption 3.2.7, all weight computations are assumed with
norminal material sizes and with the exclusion of weld wire matenial. The weight tables are generated for each
assembly using the SW command “Tools/Evaluate/A ssembly Visnalizaton™ and then nght clicking on the
“Azsembly Visuahzation™ beader bar and choosing “Save As”, “Indented” and clickmg the “Save” button.

Likewnise, the Maxmwm Condition Test Load End Stops and Ratlear Attachment Components weights are
extracted from the parent 5W models of the drawings from Section 5.1. Railcar Attachment Components and
Maxmmum Condriion Test Load End Stop Assembly weight= are listed m Tabla 5-6 and Table 5-7, respectively.
As stated in Section 4.3.2.2, the End Stop weight was determined in reference mnputs to the comparator calculation
(Table 4-3 of [20]) as 40,000 pounds. However, the actal 5W models of the end stops from those reference
inputs, specifically the design phase drawmg 3015137 [25] is used for the weight and overall railear CG
evaliations. The detailed End Stop weight is listed in Table 5-7. The Railear Attachment Components weight
and CG are determimed in Appendx & of CALC-3015276 [19]. The SW medels from the drawings used therein
for railcar attachments (3013278) [27] are reported as the weight and geometry in this caleulation (See Table 5-6).
Based on data from Table 5-2, Table 5-3, Table 5-4, and Table 5-5, the combined test load and cradle weaght for
both mitimum and maxmmum condifions are tabulated in Table 5-1.

Table 5-1: Test Load with Cradle Owverall Weights

Test Load Version | Test Load Weight (Ib.) | Cradle Weizht (Ib.) | Combined Weight (Ib.)
Minimum Condition | 172,298 22 888 195.186
Maxamum Condition | 417,992 12.866 430,858
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Table 5-2: Minimum Condition Test Load Assembly Weight Evaluation (Min Test Weight
Assembly_GJ skdasm)
] . . . Top-Level
File Name Quamtity (| Mass | Density | Total Weight SW-Material Weigi
Test Weight Swonsback_Gl(Defmilt) 1 13700001 [o28  [137100001 | Top Subassembly | 13710001
Shear Key Weizht GJ 1 g539641 [o28 [4s396.41 Subassembly
Shear Eey Ring GI 22 165784 0.28 J64T4TE BPVC Carbon Steel
phmjm Eey Ring 3THE, G}(center end 2 go2855 o2 |vEs7o0 BEVC Carbon Steal
Shear Eey Ring Tie Rod_GJ 4 13.4 0.28 53.50 BPVC Carbon Stesl
9342']'%_1—[@7[ NUT FOF. ASTM A3Z5 -
STRUCTURAL BOLTS GT B 137 0.28 1004 BPVC Carbon Stesl
Center Beam SubWeldment &J 1 2849755 |0.23 28497 55 Subassembly
Solid Center Beam_(GT 3 85315 0.28 2559451 BPVC Carbon Steel
Center Beam Exfension GJ 2 145152 028 2003.04 BPVC Carbon Stesl
MimmorSaddle Bundle Strongback_GT 1 2193821 |0.28 2193821 Subassembly
MimmorSaddle Ring GT 2 3376.06 0.28 §752.13 BPVC Carbon Steel
MimmorSaddle Ring 2 0THE. GJ 1 50641 0.28 50641 BPVC Carbon Steel
m}m Eey Ring 3THE_Gl(mo weld |, so6e1  fo2s  |sosel BPVC Carbon Stesl
Plate& Eey g_3 - G 1 5018.81 0.28 5018.81 BPVC Carbon Steel
MimmorSaddle Ring Tie Bod_GI 4 703 0.28 2814 BPVC Carbon Steel
Mimor®8427AG00 HEX NUT FOR ASTM .
4325 STRUCTURAL BOLTS GT ] 1.37 0.28 10.84 BPVC Carbon Stesl
Saddle Bundle Stoonghack GI 1 2193821 |0.28 2193821 Subassembly
5Saddle Ring GT 2 3376.06 0.28 §752.13 BIFVC Carbon Steel
Saddle Ring 2 0THE_GT 1 50641 0.28 50641 BPVC Carbon Steel
Shear Key Ring 3THE Gl(oo weld cus) |1 s0641 o2 [soesl BPVC Carbon Steel
Shear Key Ring 3THE GJ{End Plate) 1 501881 [o2s  |so1881 BPVC Carbon Steel
5Saddle Ring Tie Fod_GT 4 T4 0.28 2814 BPVC Carbon Steel
SB42TASM0_HEX NUT FOR. ASTM A3Z5 '
STRUCTURAL BOLTS GT B 137 0.28 1004 BPVC Carbon Stesl
MirrorSaddle End Cap Flate_GJ 1 497414 023 4974.14 BPVC Carbon Stesl
Saddle End Cap Plate GJ{Defmult) 1 407414 0.28 407414 BEVC Carbon Steel
Gusset_GT 12 35364 0.28 4243 68 BPVC Carbon Steel
End Plate GT 2 2069 34 0.28 4138.68 BPVC Carbon Steel
Min_Add Weizht 2 GJ 1 1000464 [o28  [10004.64 Top Subassembly 1008454
Min Weight Plate 1THE (GI(Defanlt) 4 220225 028 830898 BPVC Carbon Steel
Min Weight Plata 1 THE, GT{no cuts) 3 256271 o2 [7smmaz BOVC Carhon Steel
Min Weight Plate 1 THE, GI(Lifting) 1 256504 [028 236504 BOVC Carbon Steel
Min Weight Tie . )
Rod Gl(min_ dropin? leash) 4 538 0.28 21.55 BPVC Carbon Stesl
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File Name Quantity| Mass | Density | Total Weight| SW-Material T:'?' .I‘! ot
98427A600_HEX NUT FOR ASTM A313 ;
STRUCTURAL BOLTE GJ g 1.37 028 (1004 EPVC Carbon Steel
Min_Add Weight GI LH 1 1604055 |o28  |16040.55 Top Subassembly 16040.55
Min Weight Plate 1THE_GJ_LH{Defmult) |6 224067 |02z [134ma01 BPVC Carbon Steel
Min Weight Plate 1THE_GJ_LH(Lifting) |1 256504 [o28 |2565.04 BPVC Carbon Steel
Min Weight Tie Rod_GI(Defaulr) 4 514 022 2056 BPVC Carbon Steel
DE427AG00_HEX NUT FOR ASTM A325 ;
STRUCTURAL BOLTS GJ g 1.37 022 (1004 BPVC Carbon Steel
Min Weight Added Tie ;
Rod GIs k_mincond_2) g 284 022|127 BPVC Carbon Steal —
Min Weight Added Tie N - B
Rod GIs & mincond 1) g 2.62 022 (2005 BPVC Carbon Steal 20,95
04485A038_GRADE 7 ALLOY STEEL HEX - ;
NUT G 32 0.44 022 1415 BPVC Carbon Steal 1415
FlarWasher 1_GJ 32 0.11 028|365 EPVC Carbon Steel 3.65
Total Weight| 172207.66
Table 5-3: Maximum Condition Test Load Assembly Weight Evaluation (Max Test Weight
Assembly_G) sldasm)
_ - Total x . Top-Level
File Name Quantity | Mass | Demsity Weig} SW-Material Weigh
Test Weight Strongback_GHDefauls) 1 13710101 028 |137101.01 |Top Subassembly | 13710101
Shear Key Weight_GJ 1 4630641 (028  [46306.41 |Subassembly
Shear Key Ring_GT 72 165794 [028  |36474.78 |BPVC Carbon Steel
Shear Key Fing_3THE_GI(center end plats) |2 402855 (028  |0857.09  |EPVC Carbon Stesl
Shear Key Ring Tie Rod_GJ 4 134 028 [s3.59 BPVC Carbon Steel
OE477A600_HEX NUTL FOR ASTM A315 N ;
S TRUCTURAL BOLTS G 2 137 028 |1094 EPVC Carbon Steel
Center Beam SubWeldment_GJ 1 28407.55 (028  |28407.55 |Subsssembly
Solid Center Beam_GJ 3 B53ls  [028  |25504.51 [BPVC Carbon Steel
Center Beam Exttension_GT 2 145152 (038 |2003.04 |BPVC Carbon Steel
MimorSaddle Bundle Strongback_GJ 1 2103821 (028  |2103821 |Subsssembly
MimorSaddle Ring GI 2 3376.06 (038 |6752.13  |BPVC Carbon Steel
MimorSaddle Ring_2 0THE_GJ 1 sos4l (028 |s0641  |BPVC Carbon Steel
M}M“K‘f Rz JTHE Glpoweld | 50641  |028  |50641  |BPVC Carbon Steel
MirrorShear Key Ring 3THE_ GI(End Plate) [1 501281 (028 |501281 |BPVC Carbon Steel
MirrorSaddle Ring Tie Rod_GJ 4 7.03 028 |14 BPVC Carbon Steel
MirmordE42 TAG00_HEX NUT FOR ASTM N -
4375 STRUCTUR AL BOLTS GJ k3 137 028 |i094 BPVC Carbon Steal
Saddle Bundls Swonghack GJ 1 2193821 (028 |21938.21 |Subassembly
Saddle Ring_GJ 2 337606 (028 675213 [BPVC Carbon Stesl
Saddle Ring_2 0THE, GI so641  [028  |sos41  |EPVC Carbon Sweel
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3 3 Total . TopLevel
File Nams Quantity | Mass | Demsity Weigh SW-Material Weigh

Shear Key Ring_3THE_Gl(no weld cors) |1 s0641 [028  |50641 |BPVC Carbon Steel

Shear Key Ring_3THE_(GI(End Plate) 1 S012.81 [028  |501881 |BPVC Carbon Steel

Saddle Ring Tie Rod_GJ 4 7.04 028 [2814 BPVC Carbon Steel
2

SB42TAGM) HEX NUT FOFR ASTM A325
STEUCTURAL BOLTS_GI

MirrorSaddle End Cap Flate GT
Saddle End Cap Plate_GI{Defamlt)
Gusset G

1.37 028 10.94 BEVC Carbon Steal

1 407414 [028  [407414 |[BPVC Carbon Sweel
1 497414 [028  [|497414 [BEVC Carbon Stesl
12 35364 [028  [424368 |EPVC Carbon Stesl
End Plate_GI 2 206034 (028  [|413868 |BPVC Carbon Steel
Max_Add Weight 1_GT 2 4047292 (028  |2094584 |Top Subassembly | gpods.es
Dropin Weight Heavy_GI{Defmit) 44 141251 (028  |6215028 |BPVC Carbon Steel

4

2

]

Dropin Weight Heavy_2 75THE_GI(end plate) 05156 (028  |1580625 |BPVC Carbon Stesl
Dropin Weight Heavy_GI{lifring) 142083 (028  [284166 |BPVC Carbon Swesl
Max Weight Tie Rod_GI(max_weight]_length) 138 028 [11038 |BPVC Carbon Steel

| CBATTAGH_HEX MUT FOE ASTM A325

TROR AT BoLTS G 16 137 028 |2189  |BPVC Carbon Stesl
Lift Lug Reinforce GJ 2 760 028 |1538  |BDVC Carbon Steal

Max_Add Weight 3_GJ 1 8212501 |028  |68125.01 |Top Subamembly | 612501
Dropin Weight Heavy Endl_ITHE._Gl{no 10 268009 (028  |26E00.89 |BPVC Carbon Stesl

CENIET Cuts)
Dropin Weight Heavy Endl_1THE,_GHDefaulf) |16 164330 |028  |26204.17 |EPVC Carbon Steal
Dropin Weight Heavy .

Eods STHE o G (With Holes) 1 810441 (028  [210441 |BPVC Carbon Stesl
Dropin Weight Heavy Endl_3THE_GNDefaulf) |1 510216 |028  |5102.16 |BEVC Carbon Stwel
Dropin Weight Heavy Endl_I1THE_GI(Lifing) |1 165114 |028  |1651.13 |BEVC Carbon Swel
‘Max Weight Tie Fod_3_GI(Defeult) F 159 028|636 EPVC Carbon Steel
UB427A600_HEX NUT FOR ASTM A325 -

TR e T ot g 137 028 |1094  |BPVC Carbon Steel
Lift Lug Reinforce GJ 1 7.69 028|769 EPVC Carbon Steel

Max_Add Weight 4 GT 1 5780685 |028  |67806.85 |Top Subassembly | 6780885
Drropin Weight Heavy B

End? \THE renr Gl(oeta 18 271114 |028  |4820049 |EPVC Carbon Stesl
Dropin Weight Heavy '

En? JTHE, o Ga{Detiul 1 81135 |028 [81135  |BPVC Carbon Swal
Diropin Weight Heavy -

End? STHE cear Gl(ugth tireads) 1 8107 028 |eio7 EPVC Carbon Stesl
Dropin Weight Heavy 1 271945 |028  [271945 |RPVC Carbon Swesl

End? |THE rear GI(Lifting)
Max Weight Tie Bod 407
05427AG_HEX NUT FOR ASTM A325

STRUCTUBAL BOLTS GI

Lift Lug Peinforce GT
Max_Add Weight 2_GJ

11.04 028 47.77 BEVC Carbon Steel

e | 4=

1.37 028 10.94 BPVC Carbon Steel

7.59 028 7.69 BEWVC Carbon Stesl
6380603 (028 63806.03 |Top Subassembly 6380603
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) ] Total ] Top-Level
File Nams Quantity | Mass | Demsity Weigh SW-Material Weigh
iur:fzpm Weight Heavy Endl_ITHE_Gldrop- |3, 167402 |o28  |5180475 |BPVC Carbon Swal
Dropin Weight Heavy a - .
End] 3THE. GI(Usbalted) 1 512471 (028 |512471  [BPVC Carbon Steel
Dropin Weight Heavy Endl_3THE_GI{Defiulf) |1 510216 028 5102.16 |BPVC Carbon Stesl
Dropin Weight Heavy .
End] 1 THE GI(iftine drop-in. 507) 1 168178 028 168178 |BEVC Carbon Stesl
Max Weight Tie N -
Rod 3 G — i 4 185 0.28 74 BEVC Carbon Steel
DE42TAGM HEX NUT FOR ASTM A325 N )
STRUCTURAL BOLTS GJ 2 137 0.28 10.94 BEVC Carbon Steel
Lift Lug Reinforce GJ 1 7.68 0.28 7.68 BPVC Carbon Steel
D1583A350_GALVANIZED STL HEAVY HEX |, N i
HEAD STRUCTURAL BOLT GI915834358) 30 2 028 B39 BEVC Carbon Steal 81.50
015714340 _STEEL HEAVY HEX HEAD - .
STRUCTURAL BOLT GI(926204966) 4 131 0.28 36.13 BEVC Carbon Steel 36.13
Total Weight| 417992.46
Table 5-4: Minimum Conditien Test Load Cradle Weight Evaluation
File Name Quantity | Mass | Density WT‘.“: SW-Material T:'?.I"“'
37 Fase Weldment Assembly 16478.14 |028 19078.14 _ |Top Subassembly 19978 14

A2-Eey Sub assy

A2-12 Plate 3.0 X 93.5 X 37.75(Bot Flf)

A2-13 Plate 3.0 X 83,5 X 37.75(Top Pl

A-13Plae 30X 935K 0.5

A-10Plae 30X 240X 155
A7-Beam Weldment

AMDIWIEX 119

A0S Plate 1.0X 1781 X 16.9

A2-16Found 6.5 DIA X 11.25

AN Plate 13X 19X 113
A2-Saddle Sub Weldment

A2-D5 Plate 1.0 X 112,07 50.0

AMD6 Plae 1.0X 1225 X B.25

A2-11 Plate 20X 147X 6.25

A2-04 Plate 1.0 X 24.0 X 15.5(Defanlt)
AL-15Plate 30K 60X 035

71554 0.28 71554 Subassembly
2711.81 0.28 2711.81 Low Alloy Steel
260644 J0.2B 260644 Low Alloy Steel
745.80 0.28 140178 Low Alloy Steel
127.68 0.28 15536 Low Alloy Steel
351269 |0.2B T025.38 Subassembly
172658 028 3453.17 Low Alloy Steel
821.22 0.28 328489 Low Alloy Steel
64.66 0.29 215864 BEVC 300 Serias
717 0.28 28.68 Low Alloy Steel
1956.2 0.28 30124 Subaszsembly
755.39 0.28 3021.55 Low Alloy Steel
261.94 0.28 523.88 Low Alloy Steel
56.46 0.28 22584 Low Alloy Steel
35.28 0.28 141.12 Low Alloy Steel
471.24 0.28 188494 Low Alloy Steel

HEEEEEE G s EIE I

143 -4-Bolt Tiedown Weldment 101365 J02B 273 Top Subassembly 20273
A3-08 Plate 4-Bolt 575.17 0.28 1150.34 Low Alloy Steel
A3-07 Plate 4-Baolt 311.94 0.28 643.88 Low Alloy Steel
A309 4-Bolt 3748 0.28 14003 Low Alloy Steel
A3-0X Cap 4-Bolt 20.79 0.28 83.15 Low Alloy Steel
41-14 Eey B836.84 0.2e B836.84 BEVC 300 Series B836.84
JHH-5HCS 1.375-6=4 2523 50 & 285 0.28 45.52 BEVC Carbon Steel 4552

| Total Weizht[22887 8
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Table 5-5: Maximum Condition Test Load Cradle Weight Evaluation
File Name Quantity | Mass |Demsity | 1o SW-Material | | op LTl
100 5L - XL._TI';—q-EI Saddle Assembly 2 39_33.9ﬂ 0.280 TRET.9 TIE Subassembly T867.9
190 5L - }E. Base Block 2 1;?03.52 0.280 3407.0 BP_"'..-"C Carbon Steel
190 5L =Eﬂ_ Saddle Plate I-_l T81.75 0.280 3167.0 BP_"'.-"C Carbon Stesl
190 5L - ¥1L.Cask holder plate - long 2 405 .46 0.280 810.9 BPVC Carbon Stesl
190 5L - X1 Saddle top plate(190 SL) B 4546 0.280 181.8 BFVC Carbon Stesl
190 5L - X1 Lower Gusset plate 4+ 2971 0.280 1189 BPVC Carbon Steel
190 5L - X1 Upper Gusset plate B 28.17 0.280 1127 BFV Carbon Steel
190 5L - X1 Uppervertical pussat 4+ 17.40 0.280 0.6 BPVC Carbon Steel
190 5L - XTL.THN-40 5kid beam -
| bly(Defmlt) 2 1807.71 0.280 3615.4 Top Subassembly 36154
190 5L - X1 5EID BASE I BEAM 2 1350 49 0.280 27190 BFVC Carbon Steal
190 5L - X1 Skid Tbeam close plate(150 |, 11205 o280 |s482 BPVC Carbon Steel
190 5L - XL 5kid I beam close plate .
OPPOSITE(190 XL) 4+ 112.05 0.280 4482 BIVC Carbon Steel
190 5L - XL Strap Assembly 2 &71.31 0.280 1342 .6 Top Subassembly 1342 6
190 5L - XL Siyap 2 563.25 0.280 1126.5 BFVC Carbon Steel
SLljm SL - XL Strap connection block(190 |, sa03 om0 [2161 BPVC Carbon Steel
SHCS 1.?5-513.{154.5-K£H3-{-5HC5 1.75- .
5x7.25%4.50) 7.12 0.280 28.5 BIVC Carbon Steel 285
|EEX BUT 1 750-5(HHFNUT 1.750-5-10) 4 2.30 0.280 0.2 BIVC Carbon Steel 92
[WASHER 1.75 NOM(Namow FIW 1.75) 4+ 0.53 0.280 2.1 BFVC Carbon Steel 21
Total Weight| 138658
Table 5-6: Railcar Attachment Components Weight Evaluation
- . Total = Top-Lewvel
File Name Qmantity Mass | Density Weish SW-Material Wi
IATLAS UBLOCE B NEW 4.00 264136 |0.290 [1056545 |BPVC 300 Senes 10565 .4
[ATLAS UBLOCE NEW 2.00 263252 [0.290 [3265.05 |BPVC 300 Senas 5265.0)
IATLAS UBLOCE C NEW 2.00 263243 [0.290 [526485 |BPVC 300 Senes 5264.9
[ATLAS PILLOW FLATE 2.00 218440 0290 (436880 |BPVC 300 Senes 4368 8
[EATLCAR PIN 4 DIA 36LG 8.00 13517  |0.290 (108135 |BPVC 300 Senes 1081 4
SIDE BLOCE A 12 WIDE 14.00 20546 |0.290 [821.85 BPVC 300 Senes 821.9
SIDE BLOCE B 12 WIDE 4.00 20373 |0.290 [B14.90 BPVC 300 Senes 8149
[EATLCAR PIN 4 DIA MLG 4.00 7447 0.290 (29788 BPVC 300 Senes 1979
IATLAS PLATE PAD 4.00 15.66 0.200 [62.64 BPVC 300 Senes 62.6)
PLATE .38 THE FATL.CAR 2.00 15.66 0290 [31.32 BPVC 300 Senes 313
PLATE PENDULUM 25 THE 12.00 222 0290 [26.63 BPVC 300 Senes 26.7
PN STOF FLATE 12.00 089 0290 (1067 BPVC 300 Senes 10.7
[HX-SHCS 0.625-11x1 25x1 25N 12.00 021 0.290 (254 BPVC 300 Senes 25
Total Weizhi 286140

Page 1-30

May 1, 2019



Orano Federal Services
orano Title: Design and Prototype Fabrication of Railcars for Transport of
High-Level Radioactive Material Phase 3 — Prototype Fabrication and Delivery
Appendix |

Doc./Rev.: EIR-3021970-000
Project:  00225.03.0050 DOE Atlas Project

CALC-3021251-D00

Page 30 of 25
A AREVA Federal Services LLC

AREVA Title: Structwral Fvalmation of the ATTAS Exlear Test Load

Doc/Bev.: CALC-3021251-000

Project:  00225.03.0050 - DOE Atlas Railear Page 30 of 95

Table 5-7: Maximum Condition Test Load End Stop Assembly Weight Evaluation
- . . Total - . Top-Level
F_ilel\ame Quantity | Mass |Density Weight SW-Material Weight

MirrorMirror 190 X1 end stop assembly 1 1054035 |028 1054035 |Top Subassembly 1054035

—t

MirrorMimor] 90X1L. end stop fromt plate
MITTorl BOKL. Center high gusset(HL-5TAR

377484 |028 [377484 |BPVC Carbon Steel
028  [2690.79 |BPVC Carbon Steel

pumry

190 21 2690.79
Mirror] DO Grusses short(Hi-Star 100 XL) |1 212647 [028 |212647 |BPVC Carbon Steel

™ Mirorl SURL VERTICAL PLATE El 33045 [028 |1037.08 |BPVC Carbon Steel
Mirrorl 901 end stop atched 4 11648 |028 |[46592 |BPVC Carbon Steel
PITTorlOEL Alizn plate( 190 ) 1 74654 |028 |24654 |BPVC Carbon Steel
Mirrorl 0L Gusset plate 1 19802 |028 |[19802 |BPVC Carbon Steel

[BMEror 150 %L end stop assembly 1 1054035 [028  [1054035 |Top Subassembly 1054035
Mirrorl S0HL end stop front plate 1 377484 [028 (377484 |BPVC Carbon Steel
TO0KL Center high susse(HI-G TAR. 100 =1) 1 769079 |028  |2690.79 |BEVC Carbon Steel
190X L Gusset shor(Hi-Smr 190 X1 1 212647 [028 (212647 |BPVC Carbon Steel

[ 190%L VERTICAL PLATE El 25045 |02 |L037.78 |BPVC Carbon Steel
1901 end stop arched 4 11648 |028 [46592 |[BPVC Carbon Steel
TOURL Align plate(100 =1 1 24654 |02 |246.58  |BPVC Carbon Steel
100X Gusset plate 1 198.02 [|028 [19802 |BPVC Carbon Steel

Dirrar 100 XL end stop assembly] 1 10540 35 |028  |1058035 |Top Subassembly 10540.35
Mirrorl B0 end stop front plate 1 377434 [028 377484 |BPVC Carbon Steel

1 ;;ﬁmﬂpni Center high gusset(HL-STAR |1 269079 |0-28 269079 |BEPVC Carbon Steel
Mﬁoﬂﬂﬂ}ﬂ_t}usser short(Hi-Star 100 XL) |1 312647 [028 |212647 |BPVC Carbon Steel

[ Mrerl DURL VERTICAL PLATE El 35045 [028 |1037.08 |BPVC Carbon Steel
Mirrorl 00X end stop atched 4 11648 |028 |[46592 |BPVC Carbon Steel
Tirrorl SUCL Alizn plate( 190 1) 1 74654 [|028 |24654  |BPVC Carbon Steel
Mirrorl 0L Gusset plate 1 19802 |028 |[19802 |BPVC Carbon Steel

:; m end stop assembly(Hi-5tar 190 XL |1 1054035 028 [1054035 |Top Subassembly 1054033
190%L end stop from: plate 377484 [028 |377484 |BPVC Carbon Steel

1
[ 1903L Cenrer Mgk susse(HL-STAR 100 ) |1 269079 |028  |2690.79 |BPVC Carbon Steel
190X L Gusset short(Hi-Star 190 XL) 1 212647 |028 [212647 |BPVC Carbon Steel

[ 190XL VERTICAL PLATE 4 75945 |028 |1037.78 |BPVC Carbon Steel
4

1

1

190%L end stop amched 11648 [028 [46592 |BPVC Carbon Steel
TOURL Align plate(100 =1 346.54 [|028 |246.54 |BPVC Carbon Steel
100X Gussetplate 198.02 [028 [19802 |BPVC Carbon Steel

Total Weight| 4216139
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51.2 Center of Gravity and Mass Moment of Inertia Determinations

The Minmmm Condifion Test Load, Maxmmwm Condihon Test Load, Mimimmm Condibon Test Load Cradle, and
Maxmmum Condition Test Load Cradle CG and MMI values are provided in Table 5-9, Table 5-10, Tablae 3-11,
and Table 5-12, respectively. These values are all based on the railear reference coordinate system which is
centered between the two cradle pin centerlnes and centered laterally on the railear deck surface. The CG data
for the Maximmom Condifion Test Load End Stops and Railear Attachment Components 1= identified in Table 53-13
and Table 5-14. All MMIs and CGs output from 5W use the same basic SW models that are documented by
drawings identified in Section 5.1. The prncipal difference being as stated in Section 5.1 the weights in the SW
Based on the design for the Minimum Condition Cask and Cradle inputted into the 5W model, the combined
cask'cradle merfial properties are determined for both the mminmm and maxyrmm condibon test load/cradle
combmations. These values are shown mm Figure 5-1 and Figure 5-2 below for the minmmom and maxmom
condihons, respectively.
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Figure 5-1: Combined Minimum Condition Test Load/Cradle Mass Properties
- — — Y
Frstome .
¢, |Teszlood Ralle: Top-Lewe LSLDAC
& -
Tl mna
crsrtde sz Popertas, | [ zmaiaes
ull CLTTRC R TH TR R T T RTT TR HITEH (S
[ uhow vl bezd mezz
Senot ooorcirate usluss e ates To; Fallzer Zeaier .
H IR TR P =t bagn Dewe
e b Teal Teanl
10 swskome Ralisar Carkoe
l B = TEESL AN e
[relumz = LEEETTI SIZL5E3 cukls Incnci
Sutace ared Lo 1 2o aare ncheEs
Camtar of mzss | Fofzs )
2 - 1T HISTTI%
T DU
Bl W Fr LTSN
Miaciazl x5 of Ireta ok d adndpal monents of Fertad | Eouncs = squane FLAzsi
2 gan sk Ene center €7 mar:
= ;:I.'\ilﬂ'\l'ﬂ‘nl I:.J::I:II:!::I'_ HELR MR I Ea = hr=sie ALK
Wom TN LYTRASTE £ NTTARTR) Iy = TIMRM SIRSITIGAA
Zw 0 DUEOTELE, DCDITEERD, O MIELINE| Iz = TER0IESETCANT SAC0
Fdorrent: €7 merie | gourd: T sowsre mzher |
Maternnal B eenlen ] meeamd algonedwel i e ol gl coeedin gl e
L4 = SEREODEEE STSCETE Ly m 5023678 L m 23EICZEECOITRENL
L - 2365093673 Ly - IOTAAZ1E 58 29EII5H Ly - 1185 1370374
Lz ALMICISSGESIL Ly LIS LiHLds Loz 2 AU Jeuil
el - e ! el | pmmeeds ® e izt
Maomn st ke crpwt coons rats sesten.
bt GIRLIMEIIA K By eSS Bz EALE LR
ke = Nk RN by — TR R R PR by - Y AEEMEIE
1o m NFIRTLANAEART Ty SRR RS I = FEASATINET. 2R 0
[ zmp | et | | zopete cippeara |
Figure 5-2- Combined Maximum Condition Test Load/Cradle Mass Propertias
54.2.4 Owverall Railcar Vertical CG Determination

Section 4.3 2.2 and Table 4-8 provides the parameters used i making a determination and companson between
the design phase overall railcar confipuration for the maxomum condition and the test load confizwration.

The combmed railcar overall vertical CGis a funchon of the mass and vertical center of grasvity of each
component and 15 calenlated wsing the followms equation:

Mpaucar * COzpaitear T Mg * CFz ook + Mepaas * 6z crame T Myndstaps ¥ COr endstaps + Marracn * C8zarrach

cg_T=
9- Mygucar T Mease T Mepame + Mendorops T Mareacn
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Table 5-8: Owerall Railcar Vertical CG Determination
Deezign Phaze Confizuration Test Load Confizuration
Weight | Vertical | Wx(eg) | Weight | Vertical Wxcg)
Component \ . . 5
(Ib.) g (in.) (Ib.in.) (1h.) cg (in.) (Ib.in.)
Atlas Balear 195 000 -23.85 4670250 | 195000 | -2395 4670250
Mammmm Condiion
Test Load (1e., HI-
Star 190 X1 Cask) 420,769 65.0 27349985 | 417992 65.06 27194559
Mz Condition
Test Load Cradle (HI-
Star 190 XL Cradle) 12 368 2212 273580 12 B66 2220 285625
End Stops 40.000 622 2488000 | 42,161 478 2015296
Railcar Attachments 28,332 7.99 26373 | 28614 149 214319
Totals 696469 25453988 | 696,633 25033549
Vertical CG 25463088/696 460 = 36.56 inches | 23039415/656.633 = 35.94 inches

From Table 5-8, the overall CG height from the railcar deck surface 1= 3594 inches, which compares with 36.56
inches for the design phase. Companson of these two values 15 provided only as an estimate of the vanance
between the two (Le., 1.7% vanance). However, the actual SW models of the end stops from those reference
imputs, specifically the design phase drawmg 3015137 [25] 15 used for the weight and overall ralcar CG
evaluations. The End Stop reference vertical TG locahon 1s hsted in Table 4-3 of [20] as 62.2 mches. In reality,
the design phase estimate 15 somewhat misleading, as the 62.2-1n_ vertical CG haight for the end stops 15 Likely
inaccurate due to gross assumptons about the end stop geometry made in CAT.C-3015133 [26] dunng 1ts
computation. Therefore, this variance 15 judged acceptable. For the overall radlear vertical CG location from the
rails, the value 15 95.19 inches (59 25 + 35.94), since the unloaded deck height is 59.25-in (See Section 4.3.2.2).
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Table 5-3: Maximum Condition Test Load Weight, CG and MMI from 5W Models
Mass properties of Test Load Railcar
Top-Level
Confipuration: Max Test Load
Coordinate system: Bailcar Center
Mass = 417992 45541008 pounds

Volume = 1992550 19758802 cubic
inches

Surface area = 2422428 15061496
square inches
(Center of mass: ( inches )

X =17.66050841
T = 00000000
Z = 65.060334651
Principal axes of inertia and principal
moments of mertia: ( pomnds * square
inches )
Taken at the center of mass.
I = {{ 099997040, Px = 582700120.09281290
000000000, 0.00760354)
Ty = 0LO0000000, Py = 2314635046. 73485180
100000000, D.00000000)
Iz = (0L0TEI354, Pz = 2326990554 02577110

Mioments of inertia: ( pounds * square

inches )
[T=ken at the center of mass and alizned
with the output coordinate system
Lxx = 5828033465 71815108 Lxy=-58. 64193304 Lxz = 13418377.66664557
Lyx =-55.64193304 Lyy = 2314635046 73504830|Ly=z = 0. 5E719408
Lzx = 13419377.66664557  |Lzy =10.58719408 Lzz = 2326887308 40024040
Moments of inertia: { powmds * square
inches )
Taken at the owiput coordinate system
Do = 2352101638 38575220 | by = -56.95007149 Dz = 493602132 12690204
Iyx = -56.95007149 Iyy = 4214302473.23059990 |Iyz = 6.81991848
[rx = 403602132.124699204 [Izy = 681001848 [zz = 2457256462 23819040
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Table 5-10: Maximum Condition Test Load Cradle Weight, CG and MMI from SW Models
Mass properties of Hi-Star 190X Test Load
Cradle
Confignration: Defanlt
Coordinate system: Bailcar Center

Mass = 12865 77668006 pounds
Volume = 45949 20242861 cubic inches

Surface area = 81000.0811299¢ sguare inches

Center of mass: { inches )

3 = 0.0898 73465
[Y =0.00172786
|2 =12, 19747804

Principal axes of inertia and principsl
moments of inertia: { pounds * square inches )
Taken at the center of mass.

Tx={ 000000007, Px= 27703750 55309531
000000000, 0.00025626)
Ty = { 0.00000000, Py = 38336587 60017859
100000000, -0.00002493) _
Tz = (000025628, Pz = 49214547 06040388
000002493, 0.0000000T)

Moments of inertia: { pounds * square inches )
Taken at the center of mass and alipned with
the outfput coordinate system.

|La= = 27703751 96570994 | Ly = - 199791856 [L==3s1237817552
|Lyz =-1.90701856 Lyy = 38336557.60603 728 |Lyz = 27115332644
[Lx=551237817552  |Lzy=-271.1533264%  |Lzz = 49214445 65003067

Moments of inertia: { pounds * square inches )
Taken at the output coordinate system.

= 3443079.6753246] [boy = -0.00000202 =31179.18333861
yx = -0.00000202 Lyy = 44676019 10853050 |Iyz= 222 30281640
= 31178.19333861 =2172.30281840 =40214540. 60883100
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Table 5-11: Minimum Condition Test Load Weight, CG and MMI from 5W Models

Mass properties of Test Load Railcar
Top-Level _

Configuration: Min Test Load
Coordinate system: Bailcar Center
Mass = 1722076655552 powmds
Volume = §15348 80555436 cubic

inches

Surface area = B26718.51042347 square

inches

Center of mass: { inches )
X =114713488
¥ = 0.00000000

Z=§2.22360800

Principal axes of inertia and principsl
moments of inertia: { pounds * square
inches )

Taken at the center of mass.

In=( 0.09909916, Px = 158282318 B4167230
000000000, 0.00128335) _

Ty = ( 000000000, By = 763036008 43575084
1.00000000,_0.00000000)

Iz= (-0.00129335, |[P=="Ts6602224 30201537

0. 00000000, 0.99999914)

Moments of inertia: ( pounds * square

inches )
Taken at the center of mass and aligned
with the owput coordinate system.
Lo = 188283286 22443873 [Lxy = 027660004 Lxz = T47067.76278393
Lyx=-0.27660204 ILyy = T63036008 43568420 [Lyz =0.14429713
Lzx = T47067.76278393 |Lzy = 014470713 Lzz = T66601257.00021767
Moments of inertia: { pounds * square
inches )
Taken at the ouiput coordinate system.
box = B55383443 55472767 ey =-0.17097268 Exz = 1347470.72735625
Iyx =-0.17007268 oy = 1430363024.97223500 [z = 538527779
Imx = 13047470.72735625  JIzy = 538527770 Izz = T66828026.21648037
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Table 5-12: Minimum Condition Test Load Cradle Weight, CG and MMI from 5W Models

Mass properties of Al-Min Load Test Cradle
Assy

Confisnration: Al Default

Copordinate system: Railcar Center

Mass = 22887 80 pounds
olume = 8160724 cubic mches

Surface area = 132252 .43 square inches

Center of mass: { inches )

[ =0.00
(¥ =0.00
Z=17.44

Principal axes of inertia and principal
moments of inertia: { pounds * square inches )
Taken at the center of mass.

Ix={ 100, 0.00, 0.00) |Px = 36360477.08
Ty=( 0.00. 1.00, 0.00) |Py=49590928.83
Iz=( 0.00, 0.00, LOG) |Pz= 7221220136

Moments of inertia: ( pounds * square inches )
Taken at the center of mass and alirmed with

the output coordinate system.
xx = 3630047708 Ty = 001 =000
yx=-0.01 Lyy = 20500028 83 |Ly= = 205 60
= 0.00 Lzy = 205.60 =T72212201.36
Moments of inertia: { pounds * square inches )
Taken at the output coordinate system
| = 53320240.11 Iy =-0.01 jx==0.00
Ihx=-0.01 Ty = 56550601.84 five=-184.61
iz =0.00 Izy =-184.61 fz==72212201.38
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Table 5-13: Railcar Attachments Weight. CG and MMI from SW Models
Miass properties of flatbed rail car
Confizuration: railcar attachments
only
Coordinate system- Railcar Center

Miass = 28613.946] pounds
Violume = 98668.831 cubic inches

Surface area = 70139912 square inches

Center of mass: ( inches )

X =0.000
T =0.000
Z=74%4

Principal axes of inertia and principal

moments of ineTtia: | pounds * square

inches )

Taken af the center of mass.

T= ={ 1000, 0,000 0.000) |Fx = 27131300 607
Ty = (0.000._1.000, 0.000) [Py = 1245358111316
Tz=( 0.000, 0.000, 1.00D) |Pz = 1270867349 554

Moments of mertia: | pounds * square

imches )
Taken st the center of mass and alizned
with the output coondinate system
Lxx = 27131309.910 Lxy = -1580.048 Lz = 0.000
Lyx = -1880.048 Lyy = 1245358111 313 [Lyz = -0.058
Lax = (000 Lzy = -0.038 Lzz = 12T0867349_554
DMoments of inertia: | pounds * square
imches )
Taken at the owtput coordinate system.
D= 28738251 835 Loy = -1880.048 Tz = 0.0
Tyx = -LEE0HE Tyy = 1246065053058 |Tyz = 1140
Tz = (. 000 Loy = -0_14% Lzz = 12TOEGTI40. 554
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Table 5-14: End Stops Weight, CG and MMI from SW Models

Mass properties of Test Load
Railcar Top-Level

Confipuration: End Stops only
Coordinate system- Failcar
(Cemter

Baz: = 42161 30142871 pounds

Volume = 150578.39795918 cubic
inches

Surface area = 180179 56112008
squeare inches

Cemter of mass: ( imches )

= D.O0000000
Y = 00000000
Z=47.76032135
Principal axes of inertia and
principal moments of inertia- {
poumeds * square inches )
Taken at the center of mass.
Tx = (10N,
0LO0DD0000, 0.00000000) |Px= 78401352 BB1TOG10
Ty = ([ 0. DD,
100000000, 0.00000000) |P3.r= 1854108536 35488010
Iz = ( 0.00000000,

000000000, 1.00000000) Pz = 1856261426 80547410

MMoments of inertia: { pounds *

squeare mches §
Taken at the center of mass and
aligmed with the owiput coordinate
system.
Lxx = 784013469881 70607 [Lxy = 0.00000000 Lxz = -0LBN05TE
Lyx = (L00000000 Lyv=1854108536.35485670 [Lyz = 0.00000000
Lzx = -0.00M5TE |Lzv = 000000000 Lzz = 1856261426 80545230
Moments of inertia:  pounds *
squeare inches )
Taken at the owtput coondinate
system
Tt =
174573539.03471280 JEy = 0. (MO0 Ixz = -0.00000350
Ty = 0L00000000 |y = 1050280706 40786310 [Ty= = 0.00000000
Lz = -(UB00003 50 |izy = 0.00000000 Izz = 1B56261426. 89545230
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5.2 Structural Calculations

521 Drop-In Weight Tie-Rod Evaluations

Thus section provides mminmm structural properfies for the Tie-Eods used as load support for each individual
drop-in weight. The drop-in weights are used for both the minimmm and maxinmm condition test loads (See
Drawings 3020458 [3] and 3020460 [2]). As shown in Figure 2-6 and Figure 2-7, each drop-in weight i= made-up
of mdividual plates, which are stacked together and held secure by heavy hex nuts on the outside plates. The
center of mass of each plate bundle 15 reacted by the clampmg fnchion forces in the threaded connections. The
prmeiple fanchion of the fie-rods 15 to keep the plates together duning handling operations, mdicating the rods
prmary funchon 15 to take the 1g self-weight and any dynamie factor from hifting. However, for conservatism,
the analy=sis below also conducts a simphfied review of the te-rod threaded connections provided the mertial
loads act on each of the drop-in weights, independently. See spreadsheet CATC-30201251-000 xlsx idenfified m
Section 6.1 for detailed load evalnations and computafions.

Since the O location for each bundle 15 assumed symmetric with the tie-rods used fo secure the bundle, each
threaded connection will take a frachion of the fotal imertial load, dependent upon the mumber of rods 1n the
bundle. For this evaloation, 1f 15 assumed that the worst-case 2g (exther lateral or verfical) or 3g (longitudinal)
load acts at the O location and 15 reacted by each of the threaded connections. For minmmwm condition Drop-In
Weights #1 and #2, both have threaded rods for self-retention and threaded rods for securement to the strongback
endcap saddle plate. For self-retention in all drop-in weight cases, four 1.5-6 UNC threaded rod connections are
used. For the two drop-in weights on the strongback (Mm Drop-In #1 and #2), exght 1-8 UNC threaded rods are
used instead. A shear strength analysis and shp critical joint analysis from the ATSC SCM are conducted fo
ensure the allowable strength 15 greater than the required strength.

For all tie rods, the material is ASTM A193, Grade BT [14] threaded rod stock. Since the ASTM A563 Heavy
Hex Muts are Grade DH [13] with a proof load stress of 175ksi (See Section 4.1), then the threaded rod tensile
strength 15 bounding for the load evalnations. The 10 different drop-in weight combinations from Table 5-16 are
shown in Figure 2-6 and Figure 2-7.

First, caleulate the allowable shear strength (BCY) for the commections using the AISC Steel Construction Mapual
[17]. Equation J3-1 from [17] 15 provided for the allowable shear strength as:

Ba=Fa =8y
Where, Fa. = Shear Stress — thas 15 provided by (0.4 = F.) when threads are not excluded from the shear plane
Ay = Noounal unthreaded Body Dhameter
0= Allow. Shear Safety Factor =2
Mext, calenlate the allowable slip resistance (B,/0Y) for the connechions from Equation J3-4 [17]:
Bo=u=Dyxbr=Ty = N,
Where,
01 = Allow. Shp Safety Factor = 1.5 (for standard size holes)

Mimmum Fastener Tension (Ty) (Ib.) — thes 15 provaded by (0.7 = tensile strength as provided in Table 4 of ASTM
A193 [14]). Of note, Table J3.1 of [17] 15 basis for 0.7 factor.

Mumber of 5lip Planes (MN,)=2 (conservatively chosen considering only two outer bundle plates)
Filler Factor (h)=1  (although mmltiple plates in bundle, assume this value is 1)
Multipher Factor (D) =1.13
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Mean Shp Coeffiment (W) = 0.5 (for Class B surfaces)

The 3g longrindmal load 15 apphed a5 a separate load along the axes of the threaded rods and the tensile capacity
of the threaded rod connechions 1= checked The allowable tensile strength (R.Y) for the connechons uses
Equation J3-1 from the AISC Steel Construction Manual [17]:

R,=F.xA,

Where, Fa = Tensile Stress which 15 provided by (0,75 = F.J) from Table J3.2 of [17] and Ay, 15 the nominal
unthreaded body diameter. The Allowable Tensile Safety Factor, 215 2.

All merhal loads are based on the weight of each drop-in bundle, tmes the z-load, tomes the DBRD Structural
Load Increase factor of 10% (See Section 4.2), divided by the pumber of rods. The load cases are simphfied to
assume loads are distributed equally amongst the rods, along the rod axs for the longrmdinal loads or transverse
to the axs mn the case of the lateral and verfical loads. Considenng a vertical datum plane along the central X-Z
axas of each assembled bundle, the O location 15 approxamately symmetnc about the tie-rods. In some cases,
there may be a small % to 1 mch bolt center offset m the Z-axs direchion.  Any mduced moments and merease m
rod tension from this moment 15 considered mimimal . Given the conservatism in using the ATSC allowables and
the large margns on slip resistance and tensile strength there will be no substantre margin reduchons.

Given these values, the allowable ship resistance, allowable shear strength. and allowable tensile strength are
provided m Table 5-15 for the ASTM A193 rods. Based on the vanous drop-in weights and the mertial loads
analyzed, the forces per rod (required strength) are evaluated in Table 3-16 and the margin from the ATSC

allowable requirements 1s reported. All margins are posiiive.

Table 5-15: AISC Allowables for ASTM A193, Grade BT Drop-ln Weight Threaded Rods

Thread | Temsile Stress | Tensile Stress Area | Tensile Load |Fastener Tension min. Allowable Slip
Diameter | (psi) (Table 4-1) (il"'} (Page B-117 [30]) | mim. (Ib.) (T,) (Ib.) siztance (Ba/LY) (1b.)
1.5/125000 1.405 175623 122938 92613
1125000 0.606 73750 53025 39946
Thread . 3 . Nominal Shear Siress Allowable Shear
Diamete| Dol BodyArealim) | Tltimate Stress (psi (Fu) (psi) | Strength (R,0) (Ib)
1.5/1.767146 125000 S0000 44179]
1(0.785398 125000 S0000 19635
Thread . 3 Nominal Tensile Strength
Diamoer| Bolt Body Area (in%) ) (psi) Allgwable Tensile Strength (F/CY) (Ib.)
1.5|1.767146 93750 B1R3s
1 0785308 Q3750 16816
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5211 Slip-Critical Joint Installation to Obtain Joint Preload

When assembled, all joint surfaces inchidmg those between the drop-in plate connection faying surfaces shall be
free of scale. Per the AISC code, for the shp-critical connection analysis, 1t 1s conservatively evaluated as one

joint per rod, instead of one joint per connecting out. The preload places strain on the threaded rod and causes

compression on the clamped dvop-in weights. When a tenmle load 15 applied to the joint, some portion of the
applied load acts to relieve the compression m the clamped parts and the other portion further strains the rod The
portion of the applied load that is camed by the threaded connection i1s dependent on the relative shiffness of the
rod and the clamped parts. This ability of the joint fo prevent separation is venified wia the shp-critical resistance
venfication check.
For the ATSC code requirements. it 15 imvahd to use published valoes based on a torque tension relationship. In
accordance with the SCM (Page 16.1-118 [17]), there are four allowed methods for maintaimng sufficient
clamping load m a ship-cntical joint: ftum-of-out method, a direct-tension-indicator, twist-off-type tension-control
bolt, cabibrated wrench or alternative bolt design. For this apphication, the recommendation sither 15 to use the
turn-of-mut method or calibrated wrench method for onby the mininmm condition drop-mn weight fie-rods self-
retention and securement to the strongback endeap saddle plate. However, for the remamder of the fie-rod axal
clamping assembhes, drect tensiomng of the fie-rods 15 requred (e_g. Hydraulic Tensioners), since the overall
length of the hie-rods does not mest the requirernent to be less than 12 times the rod diameter (See Section 73.1 of
[1TT.

Table 5-16: Tie-Rod Required Shear Strength, Slip Resistance and Tensile Strength and Margins to

Allowables
|inertial Tie Rods IRqu.i.utlermgﬂl \arzin Evaluations (R/0)
|Accelerations
[ForcezPer Rod (Ib.) [Allowahle
valuated _ B - _
feight g [Weight| £ 3
onfiguration - . = (Qty. -
JEl : |3 [B e
HE S
o= |a - - o
E E T T E B R R EE
R O T T TV T Al D
T B |9055 15 |3 [os02 fiosoz 575595
7 B |55 T [ B35t 5251 fETT e 73% 5%
7 B poan2 15 ¢ |R22s0 2260 [B3isete 50% ko
T B [ot9s |15 |2 [pa143 |esia3 poidfart 0% F67%
> b fees 15 @ praes erase I:‘FGEDJIISO% 15% 32%
T P [e0e |is @ pr2os [Fr293 foodtfeota 6% 5
N S TEE T e PR R P 56% 3%
O El R R Fms T 33% IsT.
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h2.2 Drop-In Weight Bolt Evaluations

Thus section provides mmimmm stroctural properfies for the bolts used to connect each mdmidual drop-m weight
to the strongback (See Figure 5-5 and Figure 5-6). The bolts are used for the drop-in weights on the maxmmm
condition test load (See Drawing 3020460 [2]). The bolts secure the weights and react the inertial loads from the
weight of the individual drop-in weight assembhes. As shown m Figure 5-5, each Max Drop-m Weight #1 1=
connected on 1fs oufer plate with twelve 1-8 UNC bolts (6 on each side). Max Drop-in Weaght #3 15 secured to
the saddle endeap plate on the mside and to the Max Drop-In Weaght #4 on the outsade wath 22, 1.25-7 UNC bolis
(14 on the m=ide and & on the cutside).

In addition, this sechon evaloates the bolt loading ocewrng due to the combined weaght of Max Drop-m #3 and
Max Drop-in Weight #4 as a smgle weight reacted by 1ts connection to the strongback structure. This combined
Max Drop-in #3 and #4 Weight is secured on the inside face via the 14 1.25-7 UNC bolts which secure if to the
saddle endcap plate. Finally, as shown i Figure 5-6, Max Dirop-in Weight #2 15 connected on its outer plate with
eight 1.25-7 UNC bolts to the saddle endeap plate.

The center of mass of each plate bundle 15 reacted by the clampimg fnchion forces in the bolted commectons. The
CG location for each bundle’s bolt pattern 15 caleulated in the spreadsheet CATC-30201251 000 xlsx identfied in
Section 6.1, with each bolt taking a portion of the total inertial load. For this evaluation, the merfial loads on the
bolted connections are applied with each of the 2z (either lateral or vertical) and 3g (longitudinal) loads acting
independently at the CG locahon. A combined shear and tension strength analy=is and shp crtical jomt analysis
from the SCM [17] are conducted to ensure the allowable strength 15 greater than the required strength. In
addition, the longrtudinal 3g load 1s conmidered achng on each of the plate bundle assemblies. The five distmet
drop-in load combinations are shown m Table 5-18, with the margm evaluations shown in Table 5-19.

In supmlar fashion to the tie-rod connechion analysis m Section 5.2.1.1, the bolted connections reviewed are to
mamtain preload as a shp-critical connection m accordance with the ATSC code. For the ATSC code
requirements, it is imvalid to use published values based on a torque tension relabonship when using a slip-eritical
connection. Therefore, the four allowed metheds for mantaimng sufficent clampmg load m a shp-entical jomt:
turn-of-out method, a direct-tension-indicator, tenst-off-type tension-control bolt, calibrated wrench, or alternative
bolt desizn. For this application, the recommendation either 15 to use the twn-of-put methed or cahbrated wrench
method for all of the bolted commechons.

Per Saction 4.1, the material for the bolted connections 15 120 ksi — Grade A325 ASTM F3125 steel [2E]. The
ATSC caleulated allowables for this matenal are shown in Table 3-17. These values were determined in identical
fashion to the fie-rod bolt allowable determinations from Section 5.2.1, except using the different matenial and
fastener diameters. The only adjustment to the lateral and longitudinal allowable shp resistance comes becanse of
the induced moments on the bolts, which reduces the net clamping force. This factor (k) 15 provided in Section
J3.9 of the SCM [17] as follows:

15T,

Dy Thmp

k

5

=1-

Where,
T, = required Tensile force usmg ASD load combinations
my, = mumber of bolts carmming the applied tension

Minimum Fastener Tension (T,) (Ib.) — this is provided by (0.7 x tensile strength as provided in Table 4 of ASTM
F3125 [28]). Ofnote, Table 3.1 of [17] is basis for 0.7 factor.

Multiphier Factor (D) = 1.13
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The shear and tensile required bolt loads for each of the three loading cases on the bolt patterns 1= caleulated m the
spreadsheet CALC-30201251-000 xl=x identified m Section 6.1, with each individual belt load repoated. The
maximurmn shear and tensile force 15 drawn from the analysis and used to assess the margins on shear strempth.
ten=ile strength and slip resistance. The bolf pattern dimensions, distances to the CG for moment calculafions,
and drop-in weight values are all taken from the attached SW model “Max Test Weight Assembly GTSLDASM™
(See Appendix B). Frost, the moments of inerhia of the bolt are determined using the bolt locations relative to the
centroid of the pattern and the belt areas. It 15 conservatively assumed that moments will tend to cause the pattern
to rotate about 1fs centroid, so moments of Inertia about the pattern centroid are of inferest. The moments at the
centroid are caloulated as the sum of all applied moments, phas the sum of the cross product of each applied force
with the vector from the centroid to the location of that apphied force as:

i, = Zﬁl +Z(ﬁc., +F)

M,FE&&MEWrWﬂMMWEMMIF%RE and F. Likewdise, &fisa
moment vector composed of moments about each s, K is the location vector specifying the location of the
applied mertal force with respect to the pattern centroid.

The axal forces are a result of the direct force in the axal direction, F, ., the centroidal moment about the X-axms,
M. ., and the centroidal moment about the Y-axis, M, . as shown m Figare 5-3. Note: For sake of the bolt load
calculations, the axes shown m Figure 5-3 are not congruent with the ailcar centerlime axis cnentafions. For
reference the axes in Figure 5-3 correspond with the railear conferhne axes as follows: Z-axis equals 3-Axis Y-
Aoz equals Z-axas, H-Axis equals Y-Axis

Fez Moy
—] | / u. =
- A
= =

.F' l #.Fd

J’ 4’ ST
i .'-‘n.v-*T Tf’=-“"

oo
Eyry T

Figure 5-3: Axial Forces Acting on Typical Bolt Pattern

The dwect force along the bolt ax= F.. 15 divided between the indmidual bolted joint=s according to the bolt
stiffnesses. Becanse the bolts are all assumed to have the same material and length the stffness 15 dependent
only on area. The axal force on a bolted jomt due to the drect force In Z 15 caleulated as:

_ FezA
FZ — EiAf

Fr
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Where 4 15 the area of the bolt in question and A, 15 the total area of all the bolts in the pattern. The axal forees
on 2 bolt due to moments about 3- and Y- axes from the axial force doe to M, and M, moments, respectively, are
calenlated as follows:

_N‘,_.‘Tt _H Ty
PZJI—I_LT;K}I szv—ér:r—xﬁ

Where M, and M, , ave the centroidal moments about the - and Y- axes, ., and 7, are the bolt distances from
the centroid in the X- and ¥-directions, and I . and I., are the pattern moments of inertia about the X- and Y- axes

given by:
IE.‘I: = Z rzc.y.f b4 Ai

L
—_ 2
I:.y - z r exd X Ai
]

Where 4, 15 the bolt area and r...; and r. ,; are the x- and y- distances of the bolt from the pattern centroud,
respectively. The total axal force on a bolt 15 the sum of the axal force components:

Foxial = Porr + Foyx + Pony
The shear forces are a result of the direct force in the X-drection, F.., the direct force in the Y-direction, F.,. and
the centroadal moment about the bolt axs, M. . as shown in Figure 5-4.

Figure 5-4: Shear Forces Acting on Typical Bolt Pattern

The direct forces mn the X- and Y- directions, F.. and F, , respectively, are divided between the bolts according to
the bolt shffnesses. Because the bolts are all assumed to have the same material and length, the shffness 1=
dependent only on area. The shear forces on a bolt due to the divect forces in X- and Y- are calmulated as:

_ Faxd _Fa
FX = Toa B = g2
The shear force on a bolt due fo moment about the Z-axs 15 calenlated as:

Fy,

M ey
P_-,_-y-j_g = f—y A
cp
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Where .. is the centroidal moment about the Z-axs and I, is the pattern’s polar moment of inertia grven by:
Lp=lx+loy

The value r,., is the shortest distance between the belt and the centroid and is caleulated as: r, ., = ||1r'§:+r:},.

The shear force P, \z 15 then resolved into - and Y- components based on the angle & (see Figure 5-4 above):

Pz :Prr,‘,_"zxsmﬂ H-force on bolt due to M; about centrond
Py yz = Pryppyz X cosf Y-force on bolt due to Mz about centroid
The value & 15 the angle between the bolt location and the posiinve X-axs and 15 caleulated as:
8 = tan™ =2

Tex

The total shear force on a bolt is caleulated as the vector sum of the X- components plus the Y- components:

2
Fippar = J(szx + Pz + (Pyor + Pynz)

Table 5-17: AISC Allowables for ASTM F3125, Grade A325 Drop-In Weight Bolts

Tensile Load min. Fastener Tenzion
Thread Diameter | (Ib.) (Tahle 4 [28]) min. (T,) {Ib.) Allowable Ship Resistance (B /) (Ib.)
1.25 116300 81410 61319
1 72700 50890 __ 38337
. -, Allowable
Thread Diameter | Bolt Body A ind) Ultimate Stress | Nominal Shear Stress Shear Strength
{psi) (Table 4-1) (Fa) (psi)
(B /00 (b.)
1.25 12271846 120000 4B000 19452
1 07853982 120000 4B000 18850
. i \ Nominal Tensile .
Thread Diameter | Bolt Body Area (in®) 5 h (F,) (psi) Allowable Tensile Strength (B AY) (Ib.)
1.25 12271846 0000 55213
1 07853982 0000 35343
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Table 5-18: Maximum Condition Test Load Bolting Required Shear Strength, Slip Resistance, and Tensile
Strength Tabulations

Tn Weight= and Bolt mﬂmm Wertical Loads b
m v : Lonz
Pl efs FlE e 2
.:i = a IS = a I |
- T ) B B

z 5 = |2 7 (222 5242 (B _[5E4E |3s
3E g |; 3 (g2 [E3|28E (g2 (2328, |53
O R R R E G

¥

4] E 2185 |25 |ZS|SE|S 88 |22 |S3[588s2 (2

Max DropIn 21 B0472 I 12 P 3 [5693 ppossp7ses [7795 pasa j.oospsiss fra20 (11977

[Max. Drop-In #3 58125 [125p2 p P 5 4219 |p997fe1137 fso74 [3248 jooosfe11sl fss13 [10662

[Max. Drop-In #2 53896 [125[8 P P |3 [p4s1 jp.osife0147 [17903 451 jo.osifeo1a7 J17571 p7375
ax DropIn#3 13503112514 2 P B [6255 p.9ssfs0454 190718191 n.wglsmsu h1361 33473
d #4

Max DropIn#4f67806 1258 @ P [p536 fossifen1s7 19145536 fo.ssife0137 [issa7]ro474

Table 5-19: Maximum Condition Test Load Bolting Margin Evaluations (RJ2)

Allowable| Allowable| Allowable |Allowable| Allowable
Drop-In Weight= and Bolt Information Ship Shear Shp Shear Tensile
|Besizsiance] Strength |Resistance| Strength | Strength
E"gﬂ":;ﬁ:;:f‘* “ﬁ“ﬁ“ D‘?:‘;‘“ Qty| Lateral | Lateral | Vertieal | Vertical [Longitudinal
Max_ Drop-In #1 10472 |1 12 |9% 59%  [81% 61%  |66%
Max_ Drop-In #3 68125 (125 |22 [89% T6%  |89% 7%  [Bl%
Max_ Drop-In #2 63896 (125 |8 [70% 9% |71% 40% 50%
Max DropIn#3 and #4 [135931 |1.25 |14 [63% 6% |64% % |39%
Max_ Drop-In #4 67806 |1.25 |8 |68% 5% [69% % |[47%
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5.2.2.1 Thread Shear in Tapped Holes

Thread shear 15 an important faihore mode for a bolted jomnt, and 15 examimed i this application for the mach
softer, lower capacity tapped infernzl threads of the ASTM A36 plate material The length of thread engagement
15 2 doownant factor that determines whether the threads will expenence shear fashme. Faihwre ocours should the
threads shear off the tapped part (internal thread shear). A check for adequate thread engagement between the
bolt threads and internal threads is conducted, ensunng that the bolt fails m tension before the threads shear. This
will ensure that the foll strength of the bolt 1s developed. For a tapped joint, the thread engagement (L) used to
caleulate margins agamst yield are esthmated as the mumitmm of the tapped part thickness or the nopunal bolt
diameter. In all drop-in-weight bolt locations, the bolt lengths are specified as the fuoll length of the tapped part.
The tapped part is threaded all the way through the full 3-in. thickness of the connecting plate. Even though the
belt 15 considered a stronger material, conservatively, the bolt diameter 15 used as the value for L sinee this 15 a
smaller dimsension over the 3-n. thick plates (1.e. erther l-m. or 1.25-m. diameter). Accordmg to Paragraph 70.4
of the Federal Standard [29], the thread shear area for an internal thread (4, . is caleulated by-

3
A ine :I""' ‘ip_int L

Where (g, i) 15 the nommal pitch diameter of the infernal thread and the shear stress m the mtermnal threads (1w w)
15 then calculated by:
Foe

T = —
tsint
Az ine

The maxammm tensile force m any bolt (Fy, ) with a tapped thread 15 for the combmed Drop-m Weight #3 and #4
on the strongback endeap saddle plate at 33,473 pounds from Table 5-18 for the longitndinal load case. The patch
diameter (d, ) for the 1.25-7 UNC diameter bolt 1z 1.1572 inches (Page 4-36 of [30]). From this information
and L as the bolt diameter of 1 25 inches, then:

3 3
Aps pme =Z-n-dp_m- Le =7 ® 11572-135= 341in?

E follows that the shear stress in the internal threads (7, ) 1s:

Foe 33473 _
T = e— = 2L
ts.int P 741 P

The margin on internal thread shear with respect to the chear yield strength (5,,) of the threads is caleulated as:

-l_.'" -
Margin,, ., = sy — Tesint
Say
5, fior the ASTM A 36 plate material is estimated as .377 = 5, (Eq. 6-16 [31]) and from Table 4-1, 5, 15 36 k=
Therefore, 5,,= 577 (36ksi) = 20.8 ksi, and
S_q}. — Tecint _ 20.8 —9.82

Sey 20.8

Margifee iy = =53%
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Figure 5-5: Boled Connections on Max_ Condition Test Load (Bottom End)
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Wax Drop-In.
#2 Weight

1.25-7 UNC Baolts x B {against
saddle end cap plaie)

Figure 5-6: Bolted Connections on Maximum Condition Test Load (Top End)
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2.3 Bearing Stress on Shear Key Support

The beanng force on the strongback shear key reaction zone ocowrs from the longitwdinal load applied to the zone
from the mimpmm condrfion test load. This stress is represented as follows: G=Pid, where 4 15 the height fimes
depth of the beaning area. The height through the zone 15 4.88 inches and the depth 15 9 inches since it is three
3-in_ thick plates stacked up. Then the bearing area ({) = 43 .92 inches (Sea Drawing 3020935 [33]). The 4 884n.
height of the shear zone excludes the chamfer shown m Zone D3 (Sheet 3 of [33]) and is defermined from- 5.75-in
mimus {.5-n # tan 60). From Table 4-2, the ommimum condition design load {F) m the longyiudinal drection is
5831 kups. Therefore, the beanng stress on the section 15 as follows:

P _ 583.1kips _ 583.1kips

A Oinx4B8in 43927
The yield stresz for ASTM A36 (5= 36 ks1) may be nsed directly as an allowable companson since compression
on thys shear key zone 15 not based on flexural local buckling (1.e., small Length to Radies of Gyration ratic). K
followrs that the margin on local compressive yielding due to beanng stress 15:

= 13.3ksi

oy — Oy _ 36—13.3

Ty 36

Margin- = 63%

2.4 Combined Loading on Strongback End Stop Plate

The strongback’s end stop (shown in Figure 2-1) will take the worst-case longitudina] inertial load. Treating as a
beam, a umformly distnbuted load 15 apphed over the face of the end stop plate. Bending streszes in the plate
arise from the applied longitudingl load  From Table 4-2, the maximum condition design load (F) m the
longitudinal dvecton of 1386_3 kips applies to the end stop plate’s face. Conservatmvely, analyze the bending
stresses m the plate along the z-axs with the plate width of 56-m. The plate 15 3-m. thick and #-in_ tall

(See Drawing 3020935 [33]). Assume the beam is simply supported by the three end support nib plates, with a
center-to-center spacing betereen each of the nib plates of 17 mehes. Then the moment of inertia about the weak
ams (z-axis) is:

1 1
I, = —bk =—56x 3 = 126in*

1z 12
The maxammm moment i the plate oceurs at the cenfral nb support and 15 given by the equation (Figure 29 of
(32
1386.3ki oz
2 —==oonps ({17in)
H.mu:w—z{ i ) = 1138.2kip — in.

8 8
Therefore, the bending stress on the plate 15 as follows:
Me  1138.2kip-in. (L5in)
=T 126 in*
The maxmmm shear force occurs at the central nb and 15 deterrmned as follows (Figure 29 of [32]):

1386.3]:!'E .
. 5wg_= E[ Tim 17in

8 B
E follows, that the maxmunm shear stress 1o the plate 1s:
_F_ 3348 —
T A7 (56im X 3in)

A = 13.55kz=i

= 334.8 kips

kei

Ts
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Then the combined shear and bending stress on a sechion through the center of the plate 1s given as:

g = ol +r,t= ||1:a.552 + 2% = 13.7ksi

The yield stresz for ASTM A36 (5, = 36 ksi) may be used directly as an allowable comparnison since loading on
thus plate 15 not based on flexural local buckling (1.e., small Length to REadius of Gyration ratio]). It follows that
the margin on flexural welding due to the combined stress state 1s:

) 5,.—6:_36—13.?_52%
Margin- a, T

2.5 Compressive Stress on End Support Rib Plate

The stronghback’s end suppert nib plate {shown as the tnangular-shaped member in Figure 2-1) will take a porhion
of the lonmtudinal merhial load due to comprezszion. Compressive stress ocours from the longitudmal load applied
to the zone from the maxmum condifion test load. From Table 4-2, the maxmmum condition design load (F) m
the longitudimal drechon 1s 1386.3 kips. Conservatively analyze the compressive stresses on the nbs, assunung
the smallest y-ams width of the member (3-in. zone where 1t ties into the strongback beam). Each plate 15 2-in.
thick and there are six plates. The load 15 taken by the nb plate and the center plate of the maim beam whch 1= 3-
i wide by 36-in. tall Then the compressive area 15 provided as:

Ay = (2in x 3in)6 = 36 in?

Assume the axial load 15 equally distnbuted amongst the entire area, then the frachion of the load taken by the nbs
15 as follows:

A I6in®
Frgw=F (%J = 13863 | —— - — | = 346.6kips
rih T Apeam 36in + (3in x 36in)

Therefore, the compressive stress on the i m nb cross-section 15 as follows:
P 346.6kips
ﬂ'l: = e— —
Ay 36in?
The yreld stress for ASTM A36 (g,= 36 ksi) may be used directly as an allowable comparison since compression
on this b plate 15 not based on flexral local buckling (1.6, small Length to Radms of Gyration rabio). I follows
that the margin on local compressive yielding 1s:

= .63 k=i

oy —dp 36— 9.63
a 36

Marzin: =73%
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5.2.6 Central Beam Shear Continuity

The central beam sub-weldment of the strongback (see Azsembly A2 on [33]) 15 welded together using eight 3-in.
diameter shear keys holding the three 3an plates together. 3/8-n. welds on erther side of the stromgback for each
of the strongback shear keys retain the shear kevs in the plates. Check the shear strength capacity of the keys
from the verfical or longriudinal load cases. The lateral case is bounded by these evaluations. The strongback
shear key welds do not tran=far honzontal shear at their suter plate commection, therefore they do not require
evahlation.

The Central Beam Weldment {Assembly A2 of [33]) gravitational weight is apphed as a umform load distnbuted
over ifs entire 344-m. length. Using a static evaluation for the point loads along the beam, the reaction forces

(R, and R:) at the central plane of the two cradle saddles 1= determined (See Figure 5-T).

A shear diagram plot 15 generated for the beam and planar shear forces along the beam are computed. All
distances are from the left-hand end stop outer plate surface. These beam shear values are shown m Figure 5-8
and are developed using the followng approximations m the CALC-30201251-000.xlsx spreadsheet 1dentified in
Section 6.1:

= 2zvertical loadmg wath 1.1 struchural factor 15 applied to each of the drop-in weights and beam weight

#* The drop-in weights, inchoding the permanent drop-in weaghts on the strongback weldment (Le., Saddle
Lefthand and Righthand Bundles and Shear Eey Bundles) are each applied as gravitational point loads at
their individual CGs or X-axis midpoint of thewr ift lug. Based on the SW model, the saddle bundle CG
location 15 50.99 mnches from the prometnc centerline of the beam  Therefore, ther location from the
beam end 15 344/2-50.99 = 121.01-m. and 344/2+50.99 = 222 99-in_for each of the left and nght hand
saddle bundle, respectively.

#* The reaction loads at the front and rear saddles are calculated to be 296 kips and 623 kips, respectively
and are each located at the peometnc centerline of thew respective saddle cradle supports.

From spreadsheet CALC-30201251-000 xlsx, the maximum planar shear force of 387.1 kips along the beam
oceurs at Reachon Load K;. Conservatively, assume the maxmwm shear load 15 400 kips. Forst, caleulate the
allowable shear strength (F,= V,/L2) for the connections using the ATSC Steel Construction Maoual [17). Use
Equation G2-] from [17] for the normmal shear strength (F,) as:

Vo = 0.6F X Ay X Gy
Where, F; = Mimmum Yield Stress
A = Total Cross-Sectional Area of Shear keys
C. = Web Shear Coefficient {Assume = 1.0)
1 = Allowable Shear Safety Factor=1.5
By drniding Vs by Ay and substituting for C,, the nomimal shear stress Fy = 0.6F,. Dniding by 01, the allowable

shear stress then becomes F, =0.4F,. Since the ASTM A36 yield stress (F;) 15 36 k=i (See Table 4-1), the
allowable shear stresz F, = 14 4k=1.

Then, the minimum required shear area for the maximum 400-kip shear force is ($00kip/14.4k=1 = 27.8 in"). Each
shear key 15 in double shear due to the stack up of the three 3-4n. plates. Then for the 3-in. diameter shear key,
the calculated shear area for eight keys is, &, =8 = 1 = (3/2) = 2 chear planes = 113.1 in®. Therefore, the margin
on the shear stress given by the shear area 15 307%.
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Mext, check the maninmmm required shear area for a 1386.3-kap longitudmal shear force (See Table 4-2) assurmmg
exchisively pure shear transfer. Then, the minimmm required shear area is (1386.3 kip/14 4ksi = 96.3 in%).
Therefore, given the caleulated shear area of 113.1 in®, the marpin on the shear stress is 15%.

2/ 6,50
B 249 .50
B 22099
- 221.62
B 200.50
-~ | /200

143,50
~ 122.62 |

121.01

L 71.50 | | 1¥.38

Figure 5-7: Beam Load Distances and Reaction Force Locations at Cradle Saddles
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Figure 5-8: Beam Shear in Central Beam Weldment under 2g
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5.3 Lifting Evaluations

In accordance with Section 4.3.1, for hfting attachment evaluations, ASME BTH-1 (Chapter 3) [18] design
allowable cnitena are imposed. Based on anticipated wsage at TTCL structural bt points are categorized as
Design Category A, Service Class () in accordance with Chapter 2 of [18]. All hfis are expected to ocour mdoors
and the maximmm service temperature 1s assumed less than 150°F. Therefore, no reduction 1s required beyond the
strenzth minymumes required in the material specifications, and no null-ductility studies are requred for low
temperature hifts (See Fustified Assumption 3.2.6). The drop-in weaght values used for the puninmin and
maximum condibon test loads are identified m Table 5-16. However, a hagher maximmm it Weorking Load Linwt
(WLL) is provided in Drawing 3020460 [2] and Drawing 3020458 [3] for each of the drop-in weights. In
addition, per Section 4.3.1, a dynamuc load factor (DLF) of 1.15 15 applied to lifted loads. Per ASME BTH-1
Section 3-1.3 [18] (Design Category A, Service Class ) hifters), for allowable stresses, a nommal design factor of
2.0 to lmut states of yielding or buckling, and 2 4 to lumt states of fracture are apphed for margin evaloations.

5.3.1 Test Load Drop-dn Assembly Lift Points

The four drop-in weight assembhes used for the masormm test loads use the same hift log desipn and the two
drop-in plate assemblies for the oumimom test loads use the same hft lug design. The design geometries are
provided on drawing 3020460 [2] for the macrmm condition and 3020458 [3] for the mummwm condibon.

For the maximum condition lift ng m Figure 5-9, a central l-in thack plate in the drop-in bundle extends up
above the top of the assembly forming a lift point for nse with a 2-1/4-in. diameter pin shackle (e g, Skookum™
part mumber 626316 with 52 Ton WLL). The hog illustrated in Figure 5-9 and Figure 5-10 consists primanily of a
4 254in diameter round bar with a 2.31-m. diameter hole. The lug is welded to the central plate with an all-
around ¥-mn. fillet weld Of note, 2= called out 1n Sechion 4.1, the round bar doubler plate 1= specified a= an
ASTM ALDS, Grade 1018 [15] with minimum yield strength of 435 k=i and a munimum nltimate strength of 55 ksi.
However, ASTM A36 [12] 15 used as the hpuhng matenal condition n all evaluations.

For the mimmum condition lift lug in Figure 5-11, a central plate m the plate bundle extends up above the top of
the assembly formung a hift poant for use with a 1.38-an. diameter pn shackle with a WLL of 12 tons (e g,
Crosby® part mmmber 1018570). The lug illustrated in Fizure 5-11 consists primarily of a 3-in. diameter round bar
with a 1 44-m diameter hole. Unbke the maxmmum condibon, the mmmum condibon lift lng, there 15 no doubler
plate. Again the minmum condiion plate material 1s ASTM A36 [12].
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Figure 5-9: Typical Test Load Plate Assembly Lift Lug Design [Maximum Condition)
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Figure 5-11: Minimum Condition Lift Lug Geometry

Page I-58 May 1, 2019



Orano Federal Services
orano Title: Design and Prototype Fabrication of Railcars for Transport of
High-Level Radioactive Material Phase 3 — Prototype Fabrication and Delivery
Appendix |

Doc./Rev.: EIR-3021970-000
Project:  00225.03.0050 DOE Atlas Project

CALC-3021251-D00

Page 58 of 25
A AREVA Federal Services LLC
AREVA Title: Structwral Evalnation of the ATLAS Eailear Test Load
Doc. /Rev.: CALC-3021251-000
Project:  00225.03.0050 - DOE Aflas Railear Page 58 of 95
£3141 Static Strength of Lift Lug Pin Plates

The maxmmm condition drop-mn weight from Table 5-16 15 68,125 pounds for Drop-in Weight Assembly #3.
However, the maimmm permitted weight for this configuration 15 71,000 1b. (See Note on [2]). The mimmmm
condifion drop-in weight from Table 5-16 is 19,095 pounds for Drop-m Weight Assembly #2. However, the
maximm permitted weight for this confisuration 1s 21,000 Ib. (See Note on [3]). Smce the assemblies are hifted
straight up uwsmg a single poant hift with a shackle there 15 no additional load reduction from any shog angles or
center of gravity effects. From Sechion 4.2 there 15 an apphed dynamic load factor of 1.15 for hftng applications.
However, the actual drop-in weights are uwsed 1n evaluations identified m the Section 6.1 spreadsheet
CALC-30201251-000 xlsx with the 1.15 dynamec factor bounding the 71kip and 2 1kip drawnng WLL values for
the hift lugs.

The methods of paragraph 3-3.3.1 of ASME BTH-1 [1£] are used to check the stabe strength of this pinned

connection for both the mimmmm condibon drop-in weights without doubler plate and for the maxmmm condition

drop-in weights with doubler plate analyzed independently. The strength of a pin-connected plate m the region of
the pinhole shall be taken as the least value of:

#  the tensile strength of the effective area on a plane through the center of the pinhole perpendicular to the line
of action of the applied load (P,)

#*  the fracture strength beyond the pinkole on a single plane parzllel to the line of achion of the apphed load (Py)

the double plane shear strength beyond the pinhole parallel to the hne of action of the applied load (P,).

* In addition, per paragraph 3-3.3 4 of ASME BTH-1, the beanng stress between the pin and the plate 15
checked This bearing stress is based on the projected area of the pin and limited by the ASTM A36 yield
point (Equation 3-53 of [18]).

Of note, since the maromum condifion drop-in weight's doubler plate 15 welded to the base plate, and the weld 1=

analyzed separately in Section 5.3.1.2, then the doubler plate 15 analyzed usmg 1ts geometry mdependent of the

base plate. This 15 acceptable since the load is transferred through the weld to the base plate. In additiom, 1f 15

conservatrve, as the addiional matenal profile beyond the permmeter of the doubler plate would merease its

overall load capacity. Specifically, Section 5.3.1.2 demonstrates Y= of the doubler plate (Le., 50% margm) weld to
the lng can take the entire verfical hfting load. As such a fahure of the Liftimg lug around the doubler plate cannot
oceur, smee the bottom half of the weld 1= capable of transferrmg all ifhng loads.

Also, reviewing the tensile stress in the base plate through the bottom tangency of the doubler (Le. G=F/A)
provides a tensile stress in the section of .8 ka1 Thes value 15 computed using the paommm condition hift load of
78.3 kips from Table 5-21 divided by the zross cross-sectional area (3-in. x 1-n thick). MNote: Conservatively
assume the minimum plate width of 8-in , 1znonng the boms from the fillet radius. Provided the ASTM A6
base plate matenal strength values m Table 4-1, this vields a calculated margin of 45.6% on the allowable stress

from Equation 3-1 [18] (r.r: %)uflﬂh:i.

Next, chack the beanng stress. The bearing stress (F,) shall not exceed the value given by (Equation 3-53 of
[18]:

2
Therefore, the allowable beanng strength (Pue) 15 given by:

Pygar = Fy W Apgar

L2% L.25 (36
%:TFE: ( }:Zﬁhf
i

Where,
Abeer =beanng area (pmn diameter (I,) = thickness of plate (1))
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Mext, the allowable tensile strength through the pinhole (F) s checked.
Ei 15 calcnlated as follows, (Equation 3-45 [18]):
R

P = ﬂ,m [:21: - .iJ,.H]
Where,
F, = Minmmwm Tensile Strength (ASTK A36 plate)
. = Strength Beducton Factor for pin-connected plates computed as follows (Eq. 3-46 [18])
Where,

Dp
6 =1-0275 [1--F
D
(]
D, = Hole Dhameter

The effective width (b, to each side of the pinhole shall be taken as the smaller of the values caleulated as
followrs (Eq. 3-47 and Eq. 348 [18]):

bf_f_f —4r < h,

Fy |Dy
b =b, 0.6m= |m=< b,
ef'f ] F:r b. =D
Where,

b, = actual width of pin-connected plate between the edge of the bole and the edge of the plate on 2 Ime
parpendicular fo the line of action of the applied load
Mext, the allowable single plane fracture strength beyond the pmbole (Py) 15 calmlated (Equation 3-49 [18]):

B=C Fe [113[}1 I""‘)+( 0.928, )]t
= O, ) AT S
12N, 2 F)
- 1+%/p
Where,

R =TDhstance from center of hole to plate edze
In accordance with Equation 3-30 [18], the allowable double plane shear strength beyond the pinhole (P,) 1s:

_ 0.TOR,
T 120N,

Where in accordance with Equation 3-51 and 3-32 [18],
A, =total area of the twro shear planes bevond the pinhole calculated from the following equation-
A= 2fa+2(1-cos®)]t  and

F (As)

=552
B =55.%
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Where,

a = distance from the edze of the pinhole to the edze of the plate mn the direction of the apphed load

&= shear plane lorating angle for pin-connected plates, (degrees)

The shear plane area defined by Equation 3-51 of [18] is based on the geometry of a plate with a straight edge
bevond the hole that 15 perpendicular to the line of action of the apphed load. If the edge of the plate 15 curved,
the loss of shear area due to the curvature must be accounted for. Smee the lift lug edge 15 corved and 1=
symmeincal about an axis defined by the line of achion of the apphed load, then the loss of length of one shear
plane, 7" 15 grven by Equation C-2 [18]:

o 2
E=r— |r2— (—:;-si.nlli!ﬁ:]

Where r1s the radms of curvature of the edgze of the plate, which equates to (R}, the distance from the hole center
to plate edge.
E follows that the distance (a) to the edge of the pinhole 15 grven by:

fi

a=R———Z'

2
Given the above strength checks and provided the detailed methodology in Secton 3-3.3.1 of ASME BTH-1 [18],
the allowable strength vahies of both the minmwm and maxmuom conditon drop-in weight assembhbies 15
determuned. Spreadsheet CALC-30201251-000.x]5x 1dentified in Section 6.1 provides the detailed computations
and Table 5-20 summanizes the Strength Allowables for P, P, P and P,

Table 5-20: Allowable Strength of Lift Lugs per ASME BTH-1

Minimum Condition Lug | Maxdmum Condition Lug
e Profile (kips) Profile (kips)
P,= Allowable Tensile Strength
! h the pighols 37.70 128.76
Py = Allowable Single Plane Fracture
5 h hevond the minhol 27.15 9541
P, = Allowable Diouble Plane Shear
5 h bevond the pinhol 26.74 04 80
P, . = Allowable Bearing Strength 30,94 13922

Based on the Table 5-20 strength allowables and the required strengihs determined m Table 5-21, the margins
from the allowables are determined alzo m Table 5-21. Since all margins are positive, the design of both the
mmmum and maxmum condition bt lngs for all ASME BTH-1 strength requirements 15 acceptable.
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Table 5-21: Lifting Load Strength Requirements and Margins to Allowable Strengths

Load Eequirements Margins
Drop-In Weight Dirop-in Weight from | Dhymamic Lifited Force ele|p|p

Identifier Tahble £-16 (pounds) |Lifit Factor | Requirement (kips) | ~° ’ | e
Min. Drop-In #1 (self) 16041 1.15 18.4 51% [32% [31% |40%
Min. Drop-In #2 (selfy |19095 1.15 220 429 | 10% |18% [20%
Max. Drop-In #1 40472 1.15 46.5 64% [51% [51% [6T% |
Mlax. Drop-In #2 63896 1.15 73.5 43% |23% [22% |47%
Max. Drop-In #3 GE125 1.15 78.3 30% [18% [17% [44%
Max. Drop-In #4 67806 1.15 78.0 39% [15% [18% [44%

5.3.1.2 Weld Stress

The weld design for the lug doubler comphes with the requrements of paragraph 3-3 4.3 of ASME BTH-1 [18].
As called out in Section 4.1, the doubler round bar material is specified as ASTM A108, Grade 1018 with a 45-k=1
mmmum yield sirength and a 55-k=1 mimmum tensile strength. Since the punmum tensile strength of the ASTM
ALQE matenal [15] is lower than that of the ASTM A36 material [12] (38-k=), the bounding 55-k=1 for ASTM
AL0E 15 used m the computation. The design factor for fracture 15 used (e, N;= 2.4} from Section 4.3.1.

The ¥s-in. fillet welds on both sides of the lug jom the round bar to the vertical plate (See Sheet 3 of [2]). These
welds would have to fal mn shear before the lng would shear out of the plate. The followmg weld evaluaton
shows the adequacy of the connection:

Tenzile Strength- R, = 55 ksi
Allowable Shear Stress per Equation 3-55 [18]: :ﬂ: .6 (55) — 11.46 ki
1ZN, 1.2(24)
Nomimal Weld Size: k=.75in.
Weld Pattern Radms (See Figure 5-10): r=2125in
Weld Area: A=2(La14)m x h ¥ r = 2(1.414)% .75 % 2125 = 1416 in.®
Lift Lug Load- F = 71kip % 1.15 = 81.65 kip
Shear Stress from Vertical Load: F 8165 )
LT a1 5.76 kei
n- F,—T 11.46 — 5.76
Mo ‘E', tE e~ 0%
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5.3.2 Strongback Main Beam Lifting

The cenfral beam assembly (strongback main beam) 15 designed for the heaviest condifion hft using shings
confizured in a choker confisuration in the designated hift zones marked on the central beam (see drawmg
3020935 [33] and Figure 5-12). The beam may be configured with the mastinmmm amount of drop-an weights as
shown in Figure 5-12. Other confiswrations, with lesser quantifies of drop-in weights are also authorized
CAUTION: The Maximmmm Drop-in Weight Assembly #4 mmust be removed when hiftimg thas maxamum allowable
Lifting configuration {Le., Assembly AS from drawimg 3020460 [2T).

The only credible failure method for the central beam 15 due o bending or buckbng. As indicated, the worst-case
hifting load case placed on the central beam weldment occurs with the maximmm test load confizuration and
Assembly A5 removed (1e., Maxamum Dirop-in Weight Assembly #4). As shown m Figare 5-13, the maxammm
total load in this condition is 3493 kips with a CG located within an inch of the half-beam length (1e., B5-n.
along X-axis). Consider a mawnmm sling spacing location between the hift points as 236-m. This offset along
the X-axs will conservatively be included in the bending moment apphed to the beam. K follows that the lLifting
load wnth consideration for the 1.15 dynamic hiftmg factor 1=:

W = 1.15(349.3) = 4017 kips

Mote: Drop-1n #4 Weight (not shown)
must be removed when lifting max

ondition test load beam
236 in. warstcaze

M distance betwesn slings
129 in. waight
distribution zane

Indicated Lifting Areas

E] [
¥ L.=Unbracad
Length

Figure 5-12: Maximum Allowable Lifted Test Load Configuration
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Assyming that the beam 15 amply supported by the slings, the maxinm bending moment 1 the beam 15
caleulated conservatively assuming the entire assembly weight is partially distributed wmformly over the central
189-in saction of the beam (defined as length &) (See Figure 2 of [32]). Then the maximuwm moment (M) mn the
beam is determined, grven that the 189-mn. weight distribution is shifted 35-in within the 236 mches hift zone
length (). R;1s the reachion load at the left end of the beam and (a) 15 the end offset distance from the left end as:
((236-(189+ 85)W2 = 23.075 mches). It then follows that the offset distance (¢) from the right end i= 23 925
inches. It follows that R; is (Figure 2 of [32]):

1 =57 (2e+b) 20236) 2 ) ) ips

And 1t follows that A 1s:

R, 2016
Mmzﬂl(a+$):2ﬂl.6 23.075 4+ =14,213 kip - in

2(*017/ 1ga)

The ASTM A36 beam 15 made up of three 3-in thick plates welded together. The pmnimmm eross sechon of the
central beam sub-weldment 15 9 inches wide (¢} and 36 mnches deep (d) [33]. This cross sechion 15 conservatively
evahiated for the maxinmm bending moment at the beam center.
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Figure 5-13: Mass Properties of Maximum Allowable Lifted Test Load Configuration
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Sectin ] B a -

Beam Depth: d = 36 im

Beam Width: w=9in

Beam Area: A=dxw=324in?

3
Major Axis Moment of Inertia: 3E6) _ 4992 i

e =
Paragraph 3-2.3 3 of ASME BTH-1 is used to determmine the allowable bending siress of the rectangular section.
The structural beam is loaded in bending arcund its major aas enly. For Equation 3-19 [18], the Maxmum
Unbraced Length (L,) 15 the greater of the maximum distance between supports or the distance between the tero
points of applied load that are farthest apart. As shown m Figore 5-12, L, 15 the distance from the apphed load to
the strongback saddle end plate. From the dimensions on drawing 3020935 [33] and the 236-in. macommm shng
posthions, this 15 caleulated as followrs:

236

Maxmmum Unbraced Length L, :T—§—29—16:59in.ﬂiﬂ:pncinitotbemmsrwﬂdedphmj
Bending Stress in Beam Section:
Elastic Modulus of Steel: E=29x 10" ksi
Yield Strength of ASTM A36: F,=36ksi
Stahility Check (Eqn. 3-19 of [18]): Lyd < OLOBE  59(36) _0.08(29 x 10%)
t* = F = - 36
26.2 < 64.4 ~ TRUE
. 1.10: 1L.10( 36
Allowable Bending Stress: Fy :N—Fy:%: 19.8 k=i
d
. ) _ Mpmar(d/2)  14,213(36/2)
Bending Stress: fo= T, = Ti95z - = 7.3 ksi
F, — 192.8—7.3
Marzin on Bending Stress: b fu: = 63%
F 19.8

The margm 1s positive; thus, if 15 acceptable to Lift the test load as configured in Figure 5-12.
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5.4 Weld Evaluations

Of note, dus to the large base metal cross-sections and some scoping evaluations of the base metal component™s
available strengths, only the weld joints themselves are analyzed m the following subsections, as these are the
controllng strength elements of interest. Therefore, the weld metal strength allowables are exclusmvely emploved
in venfication checks. This 15 conmistent with strength checks under AISC code and Table 12.5 of the SCM [17]

for partial penetration groove welds and fillet welds under shear loading.

541 Saddle Strongback End Stop Welds

The maxmmm test load confimwration 15 restramed longitedinal by in both directhons by the two large End Stop
weldments {See Figure 2-3) attached to the railcar on both ends. Wood shonng 15 placed between the end stop
plates of the test load (See Figure 2-1) and these weldments. Six 2-in. thick gussets (end stop support ribs) act to
reinforce a 3-in. beam section transferming loads to the end stop plates. Three of these end stop support ribs are
located on each side of the 3-in. thick beam

48-in_long fillet welds attach the beam to the center nb and the inside jomts of the upper and lower nbs (See
Sheet 3 of [33]). 48-1n long zroove welds on erther side of the 3-in. thack beam plate connect the outside jomts of
the upper and lower nbs. Check the weld size of these welds for adequacy. These welded joants are loaded m
compression slong the weld axs. Assorming the fillets take the load, according to ATSC code (Table J2.5 of [17]),
compression loads m parts jomed parallel to a fillet weld axis need not be considered in the design. Therefore,
these joints do not require an evaluaton

Mext, review the welded connection of the central 3-in strongback beam plate to the outer 3-in. central beam
plates (See central beam weldment detail view on Sheet 3 of [33]). Since load is trensferred through the central
strongback plate and the ribs, there 15 no bonzontal shear transfer through these connecting welds. They simply
allow a portion of the apphied load to pass mto the cuter plates of the central beam  Therefore, the rum size
is not checked.

Wext, review the welded connection of the b gussets to the 3-in. thick end stop plate. The 3-in. end stop plate is
attached to each of the six rib plates with fillet welds along the 22 5-in_ long edge of the rib plate. The
longitudinal inertial load will act in shear fransverse to the weld axis. The tofal area of each of the six rib plates
welds treating as a bme 15 gZiven as:

A = 2(22.5in.)(6) = 270 in.
The maammm longitudinal load applied to the weld group 1= provided m Table 4-2 as 1386.3 kaps. Therefore, the
required sirength per inch of weld is:
_ 13863kips _ kips
LT
From Table 3.2 of [35] for Group I base metals (1.e., ASTM A36), the mnimmm matching strength filler metal 15
an E603CK electrode wath mmimmm 60-k=1 tensile strength. The momimmum allowable weld shear stress m
accordance with AWS D1.1 [35], Table 2.3 15 0.3 x classification tensile strength of the filler metal
Therafore, the minmmm fillet weld size 15 equal to:
_ 513 kips/in _
W = b707(0.3) (60ksT)
Therefore, grven the mummm fillet weld size of .4 0-in., then if follows that 3 momimmm $2-n. fillet weld joumnz
these nb plates to the end stop plate 15 adequate. Since sheet 3 of drawing 3020935 [33] calls out 2 3/4-m. wide
fillet wald, the weld group connecting the nbs to the end stop plate 15 acceptable with a 47% margin.

40in.
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In addition, fillet welds have a pumimmm leg size for thack plates due to the fast cooling and greater mestraint. This
miminmm size 15 checked given Table 3 of [34]. For plates within the range 2-1/4 to 6 mches, the minmmm fillet
weld mize 15 Y4-in. Sinee the end plate thickness is 3 inches, then Y-in is the mininmm required weld size. Since
sheet 3 of drawing 3020935 [33] calls out a 3/4-in. wide fillet weld, the size check is acceptable with a 50%
margin

5.4.2 Central Assembly Circular Plate Attachment Welds

All of the drop-in plate bundle assembhies that are permanently fixed to the strongback beam (see sub-assembly
A3 and A4 on [33]) are welded to the central beam wath four fillet welds that are 20-mn. long each. The bottom-
end Saddle Bundle Assembly (44) will expenience the highest loading smece 1t supports the full weight of the test
load as it rests on the cradle, and support the Dirop-in #3 and #4 heavy weights in the maxammum test load
condifion (See Figure 2-7). Since the welds are all identical in size and length the bottom-end Saddle Bundle
Assembly fillet weld connections will bound the welded connection strength on the top end Saddle Bundle
Aszzembly and the central Shear Eey Weaght weldment to the strongback mam beam

£.4.2.1 Primary Shear from the Total Test Load Weight
Furst check the weld size for primary shear stress on a smgle vertical plane apphed to the fillet weld joint at the
outside of the stromgback sndeap saddle plate (See Figure 2-1). The most conservative loading ocenrs when the
test load 15 mn 1fs maxmmm test load confipnration, and a 2g lateral mertial load 15 apphied. The mawmnmm shear
forces on the weld ocour at the outside of the strongback endeap saddle plate on the beam end secunng the Diop-
in #3 and # beavy weights. From Section 5.2.6, the shear load oecuming at this particular weld plane 15 323.7
kips. From Section DD of drawimg 3020935 [33], the lensth of one weld pass is 20 inches. Then, the total
length of strongback endeap saddle plate welds freating as a hne, with one weld on each side of the beam 15 mven
as:

A = 2(20in.) = 40 in.

The maximmm lateral load applied fo the weld group 15 provided m Section 5.2.6 as 3257 kips. Thevefore, the
required strength per inch of weld 15:
325.7kips Lips
"= T a0in. in.
From Table 3.2 of [35] for Group I base metals (1., ASTM A36), the mmmmmm matchimg strength filler metal 15

an E6030K electrode with mmimmm 60-ks1 tensile strength. The monimmm allowable weld shear stress m
accordance with AWS D1.1 [35], Table 2.3 15 0.3 x classificahon tensile strength of the filler metal

Therefore, the minmmm fillet weld size 15 equal to:
_ Bidkipsfin i
¥ T 0.707(0.3)(60ksi) -
Therefore, grven the mampum weld size of 64-m , then it follows that a mimmmmm 1o, fillet weld joining the
strongback endeap saddle plate to the beam 15 adequate (See drawmg 3020935 [33]). Therefore, the welds on thas
plane connechng the stronghack endeap saddle plate to the central beam sub-weldment are adequate for this load
with a 36% margm.
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5.4.2.2 Loading from Drop-in Weight #3 and #4 and Saddle Bundle Assemblies

Mext, the two welds analyred in Section 5.4.2 1, along with the welds on the other side of the saddle bundle
assembly are also analyzed as a separate, combined weld group. The load case evaluated includes the combmed
weight from Maxmuwm Drop-in Weights #3 and #4 applied to the neutral axis of the welds (See Figure 5-14).
Thus loading condition 15 congruent with that evaluated for the strongback endcap saddle plate bolt pattern m
Secton 522 and meludes a weight contnbution from the Saddle Bundle itself However, in confrast to Sechon
5431, the remaming weight of the strongback 15 not normahred as a separate load apphed to the weld group.

Both the moment from the load mduced at the welds and the shear force are apphed to the welds, meluding the
contributing shear force from the saddle bundle weight iiself. In a lateral 2g load case, these Drop-in Weaght
assemblies apply a bending load in the weak axis of the weld group. Of note, the bottom-end Drop-in Weight #1
15 also bolted to the strongback endeap saddle plate, but provides a countervathng torque, so ifs counteracting
moment on the weld group 1s conservatively omitted from the weld evaloation.
These drop-in plate bundle assembhes A4 and A5 of [2] are bolted to the saddle weldment. As shown m CALC-
302012 51-000 xlsx spreadsheet identified in Section 6.1, the distance from the centreid of the combined weight to
the boltmg surface 15 28 97 mehes. The distance from this surface to the contrond of the weld group 15 the plate
thickness (3-m.) plus half the 16-in. saddle bundle assembly stack height (Sheet 5 of [33]). Thas value is 11
mches. The combined weight of the two drop-mn assemblies hsted 1n Table 5-16 1= conservatively rounded up to
140 kips (68.1 kips + 67.8). Therefore, the torsional moment apphed to the weld group 1= as follows:

M, = 140kip=(28.97 + 11in.) = 5595.8 kip — in
The total length of the saddle end plate welds, freating as a hne, with two welds on each side of the saddle bundle
15 EIven as:

A =2(20in.)}(2) = 80 im.

The maarmmm distance from the center of the neutral axis to the weld is the sum of the square root of the distance
b betwreen the weld joints (16-1.25:2=13.5-in.), the length of the welds (d = 20-mn.) and the depth of the beam
section which 1= 9 mches (See Figure 5-14). Then, the mammmm distance to the top of the weld 1= ziven as:

a (13.5)z N (zn)z . (9]2 129
G = > 3 3) =1& in.
The polar moment inertia of the weld group 1= grven as:
d 20
I =E(3b2 +d?) x 2 jointe = ?{3 » 1367 + 20%) x 2 = 6311.7in.?

The combmed shear force acting on the weld 15 the drop-in weights and the saddle bundle weight of 26.9 kips
(See Section 6.1 spreadsheet CAT.C-30201251-000 xlsx) acting on the weld group as followrs:

140kips + 26.9kips kip
= = 2.09—

= 80 in. T in.

The torsional load on the weld proup around the z-axs from the moment 15:
M, %c, 55958 x12.9 kip
f= [ ™

The resultant load on the weld gZroup 1= grven as:

kip
f= f+Rt=Jr00t + 11447 = 1163—
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Figure 5-14: Weld Group attaching saddle bundle assembly to strongback beam

From Table 3.2 of [35] for Group I base metals (i.e , ASTM A36), the minitmm matehing strength filler metal 15
an E6030K electrode with mumirmrn 60-k=1 ten=ile strength. The monirmm allowrable weld shear stress m
accordance with AWS D1 [35], Table 2.3 15 0.3 x classification tensile strength of the filler metal.

Therefore, the minmmm fillet weld size 15 equal to:

_ 1163 kips/in — oy4;
w_n.?ﬂ?{u.aj(snkxi}_' -
Therefore, grven the mampmm weld size of 914an , then 1t follows that a pummmom 1-m. fllet weld joimng these
nib plates fo the beam 15 adequate with a 8.6% margin. Smce the drawing 3020935 [33] calls out 1-in. wide fillet
gelds the weld groups connecting the saddle lundles to the central beam sub-weldment are adequate for thes load

case.
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5.5 Wood End Chocking Evaluation

Thus optional struoctural evaluation section provides monitmm strength requirensents for lumber used as chocking
between the end stop weldments and the end stop plate for the maxmmum condition test load. While the ultimate
decision on any wood cribbing and checking 15 DOE’ s, the gmdance mn fhis secton may be used for sizmg and
selection. This evaluation is based on National Desizn Specification™ (MDS®) for Wood Construction desizn
procedures [36]. Allowzble Stress Design (ASD) methodology 1s used A beanng stress evaluation 15 used to
check the compression stress 15 within the adjusted compression design value for the maxnmm longitudimal
inerhal loading erferia provided in Table 4-2. Tt is assumed that that the chocks will be loaded perpendicular to
the gram_ since this 1= a3 more conservative allowable strength requrement (parallel to the grain compressive stress
Limits are higher).

Therefore, the basic equation for desizn venfication checks of compression members 15 £, =F, '

Where,

F.,' = adjusted compression perpendicular to gram capacity, psi

f.: = required compression perpendicular to gram, ps1

The admusted desipn value (F. ") 15 the reference compression perpendicular to grain design value (F, ) multphed
by adjustment factors. The reference compression perpendicular to grain (F.) 1s tabulated m Tables 4A-4F of
[37]. (F..) apphes at a deformation level of .0d-m. (Section 4.2.6 of [36]) which is acceptable for this appheation,
smee there 15 an offset between the impact howter and the cradle strap of 50-m. This indicates the deflection linat
occurs with no enpagement of the cradle strap dunng longrindinal loading. In accordance wath Table 4.3.1 of

NDS [36], the adjusted compression perpendicular to the pram 1= provided by:
Fo'=Fo = Cyx G=Gx Gy

Where,

Coy=Wet Sarmace Factor (067 for Tables 4A4F of NDS Supplement [37])

C, = Temperature Factor (1.0 for Temperatures = 100°F, Table 2.3.3 of [36])

Mote: 100°F 15 an acceptable maximmm per § 2.5.8 of [6]

C; = Incismg Factor (1.00 for perpendicular to gramn compression, Table 4.3 8 of [36])

C,, = Bearmg Area Factor (1.00 for bearng length 6-in. or more) (Table 3.10.4 of [36])

E follows that, Fu'=Fu=06T=10=100=10=F., = &7

From Table 4-2, the mawimmm condition inertial load (F,..) 15 1386.3 kips. The nominal test load end plate
dimensions are 56-in. x 44-in. from drawing 3020935 [33], then the bearing area (4) = 2464in® However,
assuming the chocking will extend beyond the edges of the end stop plate, the effective area of load distnbution
may be shghtly increased. According to Section 6§ of [38], 2 pummmny 30 pum extension to each end of the
contact area may be apphed Assume this 30 mm 15 limited to an inch per side of end stop plate, then the effective
total area (4. 1= mereased to 38-m. x46-in. = 2668in’. Therefore the compressive strass is as follows:
£ =Pyl Ay
fd_=1336.3kips.-'21563in2=.52kxi
Therefore, 1t follows that, F,, = 67=520psa. Asarmsult F, =7755pa
As long as the wood 1s rated to a compression perpendicular to the graim (F.) of 7735 psi or higher, then the

wood may be used. From Tables 4A-4F of [37], quahified species would be any grade of mixed oak, northern red
oak, red oak or whafe oak.
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5.6 Test Load Modal Analysis

Modal analyses of the test loads are discussed in this secion. The natural frequencies of the test loads’ bending
modes are related to both the stiffness and mass of each of the test loads (ouninmm and masmmm conditons
shown in Figure 2-5 and Figure 2-3, respectrvely). Of note, the test load should be nzid enough that the test
load’s lowest bending frequency 1s not excited by the mﬂna:testmpnt The actual TTCI dynamc testing
program will be performed at T3mph over vertical and lateral frack perfwrbations of a 39-foot wavelength. Thas
coresponds to an mput frequency of 2.82 Hz [39]. As stated in § 2.2 4.3 of the DBED [8], the lowest bending
frequency of the test load omst be at least 3-5 tmes the lowest bending frequency of the loaded railcar or at least
3-5 times the mput frequency {Le_, 3-5 tomes 2 82 Hz). Because the bending frequency of the loaded raalear 1s
unavailable, the pyuninmim allowable linat will be taken as 5 = 2.82 Hr or 14.1 Hz. Incidentally, according to
[39], the test load’s bending frequency will not significantly affect the first order vertical lateral and torsional
bending fraquency of a loaded ranlear.

ANSYS® Mechanical Workbench, Version 17.1 is used to perform a modal analysis of the minimum and
maximm weight condition test loads via a Fmite Element Analy=is (FEA) solufion. To linat the computational
resources required to perform the amalysis, a half-scale model of the stated weight condition test loads was
adopted. In addition, the test load cradles are not within the scope of the analysis (See § 2.2.4.3 of [6]) and
therefore are pot modeled 1n this anaky=is.

Symmetry plane boundary condibions were applied to the central plate, and three center beam faces, as lnghlighted
in red m Figure 5-15 and Figure 5-16 for the oonimum and masnmm condition test loads, respectrvely. All
contacts between the plates are of the “bonded” constramnt type, indicating all degrees of freedom have been fixed
for both translation and rotation.

All components 1n the model use ASTM A36 [12] matenal wath the following mechameal property input valoes:

=  Density: 0.28 Ibiin’
*  Young's Modulus: 29 4=10° ps
*  Poisson's FEaho: 0.3

For the Minimmum Condibion Test Load a fine mesh (620,548 elements) with global element size of 1.0-m. 15
adopted for all components with charactenstics as shown m Figure 5-17. As shown in Figure 5-15, the blue-
colored bottom cylindncal plate swrfaces (labelled “A”™) are mn beanng contact with the saddle cyhndncal support
on the cradle. The boundary condinons for this support are fixed m the radial and tanFenhal direchion and free
the zonal direction. All other surfaces are free. The resultant modes and associated natural frequencies are shown
m Table 5-22.

The Maxpmmwm Condriton Test Load was modelled with 3 medium mesh (334,471 elements) with a global element
size of 2 0. for all components with charactenstics as shown In Figure 5-18. As shown m Figmre 5-16, the
blue-colored bottom cylindnical plate surfaces (labelled “A™) are in bearing contact with the saddle cylindrical
and free in the axnal direction. All other surfaces are free. The resultant modes and associated natural frequencies
are shown in Table 5-22.

Table 5-22 shows that the lowest mode frequency 1s 15.47]1 Hz and 40.038 Hz for the minimwmm and moasnmmm
condition test loads, respectively.

The resulis of the modal analysis from Table 5-22 showr that the first order bending frequencies of the miminmm
and maimmm condifion test loads are 15471 and 40.038 Hz, respectively. These values are greater than the
allowable momironm of 14.1 He (See Table 4-4) by a margin of 9.7% and 84% for the momimmm and mamimmm
test loads, respectively. As a result, the design of the test load’s lowest bending frequency 1s not excited by the
railear test mmputs.
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Table 5-22: Minimum and Maximum Condition Test Load Modes and Matural Frequency Results

Ainimom Maximum

Mod Condition Test Condition Test

| Tead __ Load
Frequency (Hz) Frequency (Hz)

1 15471 40.038

2 40.284 53 880

3 44 738 53152

4 48573 106.67

5 56.815 14202

[ 91.9 158

Lt 3 L)) R T

wall i

Figure 5-15: Minimum Condition Test Load, Half-Symmetry Boundary Conditions
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1 Sin i el ]

] i
Figure 5-16: Maximum Condition Test Load, Half-Symmetry Boundary Conditions

Hote: (red) Symmetry Plane and (blue) cylindrical suppert [radial fixed, axial free. tangential fixed]
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Figure 5-17: Minimum Condition Test Load Half-Symmetry Mesh with Characteristics and Values
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Figure 5-18: Maximum Condition Test Load Half-Symmetry Mesh with Characteristics and Values
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6.0 COMPUTER SOFTWARE USAGE

Hand calenlations are used through the support of Microsoft Excel® as identified in Section 6.1, In addition,
Solidworks" Preminm 2016 CAD software is used for determinations of basic component peometry, density,
weight, CG, and MMI. 5W File listings are output as a divectory listing and inchoded in Appendix B. File lishngs
include date and time of most recent save, file size in bytes, and file name. Each Solidwaorks" caleulation modsl
consists of a large mumber of part models as well as associated assembly models. In addifion, weights, CG
assessments, and MMI determinations are output from the SW models. The outputted resulis of each ST BRI
and O computation are saved in the spreadsheet Mass Props Tables xlsx identified m Secton 6.1 The tables
within the caleulahon where inertial owtput information 1s reported include: Table 5-2, Table 5-3, Table 5-4,
Table 5-5, Table 5-6, Table 5-7, Table 5-9, Table 5-10, Table 5-11, Table 5-12, Table 5-13, Table 5-14,

Figure 3-13, Table A-1, Table A-2, Table A-3, and Table A-4. Solidworks™ Preminm 2016 has been dedicated as
documented 1o Software Release Authonzation SD-SOLIDWORKS-2016-5RA-3019536-000 [42] and
qualification report SD-SOLIDWORES-2016-CALC-3019535 [40]. There are no emor notices for Solidworks®
Premium 2016 requinng review.

In Section 5.6, ANSYS® Mechanical Workbench Version 17.1 is used to resolve the FEA sohitions for the
mummum and maxmwm condition test load modal analyses. ANSYS has been validated for the modal analy=is
solufions evaluated herein, as documented in Software Release Authorization SD-ANSYS-17 1-SEA-3018359-
000 [41]. The computer run records used in this analy=is are included m Table §-2 and Table §-3. In accordance
with Section 5.1.5 of AFS-EN-PRC-013 [1], in-use test nin cases were solved in Section §.2.2. Emor Notices in
ANSYS® Mechaniral Workbench were reviewed for applicability and none apply.

6.1 Hon-Engineering Application Software

Computations were tabulated using Microsoft Fxcal® Version 14.0.7194.5000 (32-bit) on the same hardware and
software configuration used for SW and 1dentified 1n Table 6-1. One file was generated for this caleulafion to
calculate the he-rod and bolt loads and margins from allowables, the main stronghback beam shear forces, and the
hift lng strength venification checks. The file 1= identified as follows:

Filename Purpose Date and Tume Size
CALC-30201251-000.xl=x See Above 4/3v2018 601 PM 1453 kB
Mazs Props Tables xlsx See Above 3/28/2018 7-43 PM E5kBE

Table 6-1: Computer Run Record for SW Applicability

COMPUTER RUN RE.CDRD -
o See mput'output file names m Appendix B and the

Run description discussions in the body of the calculation
Softwrare used Solidworks”™ Premium 2016 =64 Edition, 5P 5.0
Softerare Venfication Venfied under AFS-EN-PRC-013

Softerare Release Authonzaton Document 1ID:

SD-SOLIDWORES-2016-SEA-3019536-000 [42]
Computer name CBACEUS3

1 4 T o " e 12 |

Hard Descriotion Intel” Heon™ CPU E5-1620 +v2 @ 3.70 GHz, 16GE
Operating System &4-bat Windows 7 Enterprise, 2009, Service Pack 1
Unique mn identifier / See mput'output file names m Appendix B with
List of output files associated date'tome stamps
Dhzk Storage Description All files stored in Coldstor along with calculation
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Table 6-2- Computer Run Record for Maximum Condition Test Load Modal Analysis
COMPUTER EUN EECORD
Fun Deseription Masamwum Test Weight Modal Anaby=is
Software used ANSYS® Mechanical Workbench Version 17.1
Diate/Time 41073018, 10:05 AM (PST)
Computer name TBLOWE]
Hardware Description Intel” Seon® CPU E5-1620 +2 @ 3.70 GIz, 16.0
GERAM
| Operating System Microsoft Windows 7 Enterpnise, 2009, 5P 1
Diick Storage Space All files stored m Coldstor along with caleulation
File Description Filename=
ANSYS v17.1 Project 'O File  Maxiwmum Test Weight Modal Anaby=sis whpj
STEP File (Geometry)' Max Tast Weight Assembly GJ.STEP
" Naote: Step File created by performing SW “Save As...™ on “Max Test Weight
Assembly GJ.sldasm™ from Appendx B
Table 6-3: Computer Run Record for Minimum Condition Test Load Modal Analysis
COMPUTER EUN EECORD
Run Deseripion Mmirmim Test Weight Modal Analysis
Software used ANSYS® Mechanical Workbench Version 17.1
Diate/Time 4972018, 1:13 PM (P5T)
Computer name TBELOWEIL
Hardware Deseription Intel® Xeon™ CPU E5-1620+v2 @ 3.70 GHz, 16.0
GE RAM
Operating Svstem Microsoft Windows 7 Enterpmse, 2009, 5P 1
Dusk Storage Space Al files stored in Coldstor along with caleulation
Filel =— Fil
AMSYS v17.1 Project 'O File  Mimmum Test Weaight hModal Anaby=is whpj
STEF File EGeun:ztrjr}l Min Test Weizht Assembly GISTEP
Mote: Step File created by performing SW “Save Az . " on “Min Test Weight
Aszembly GJ.sldasm”™ from Appendix B
6.2 In-Use Testing

In accordance with Section 5.1.5 of AFS-FN-PRC-013 [43], an in-use test run case was solved for Solidworks®
Premium 2016 in Section 6.2.1. In addition, an in-use test mn case was solved for ANSYS® Mechanical
Workbench Version 17.1 in Section §.2.2.
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6.2.1 Solidworks® Premium 2016 In-Use Testing Record

Test case number 1 (Test Shape 1 _sldprt) from [40] was chosen for this m-use test, since 1t nchides a check for all
of the as-used inertial properties: weight, CG, and MMI The qualification of SW on computer CBACEUS3
(hardware confipwation listed 1 Table 6-1) by the calculahon preparer validate the sofiware for use m this
calculation. The computer mun record for the in-use test 15 included m Table 6-4. The mass properties of the part
model and section properties of the front face were computed using the SW “Evaluate/Mass Properhes™ and
“Evaluate’Saction Properties” funchonahty within the 5W program.  The results from nimning these tero functions
produced the output reports shown in Figure 6-1 and Figure 6-2, respectively. Companng these resulis with
Section 5.1.1 of [40] computations for the idenfical information, shows there 15 (%% discrepaney betwreen the two
datasets, showing acceptability for use on computer name: CBACETTS3.

Table 6-4: CALC-3019535 5W Test Case 1 - Computer Run Record for In-Use testing

[Fun Tdentifier: [Test Case | from SD-SOLIDWORES 2016 CALC-3019535 (Sechion 5.1.1 of [40]) |
IDate Time: 372772018, 7-09 PM (PST)
IComputer: chackus.adom. ad.corp

escription: In_ﬂh:l.;ﬁngh.& of Test Shape 1

ardware Description: |Intel™ Xenon™ CPU E5-1620+v2 i@ 3.70GH=, 16GE EAM
IME Swstem: Lﬁ_ﬂmufthuim T Enterprise, 2009, 5P 1

Dhrectory:
Mode LastWnteTime Length MName
-a— 3272018 709 PM 59345 Test Shape 1. SLDFRT

[Filenames:

] =itm erta # Rl
Il taw v d imanin e
Srpa

ECRTRL ST IS BT Ay ]
o e ool
CERS EEpSe TR ]
Jurtior 3¢ - 200 &L coumn
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Figure 6-1: Test Shape 1 Mass Properties
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Figure 6-2: Test Shape 1 Section Properties of Front Face

G.2.2 ANSYS® Mechanical Workbench 17.1 In-Use Testing Record

Test case VMMECHO03 from the ANSYS® Mechanical Workbench Verification Mammal [44] was selected for
the m-use test bacause of the sivmlanty of the test schematic and use of a eylndneal boundary condifion with
respect to the test load annular test plates. The test case consists of an assembly of three anmilar plates having
cylmdncal supports (fixed in the radial, tangenfial, and axial directions) apphed on cyhndncal surfaces of a hole.
Sizmng control wath element size of 0.54n. 15 apphed to the cylindncal swrface of the hole. The first =ix modes of
natural frequencies are determined The target results of the test case are listed in the ANSYS® Mechanical
Workbench Venfication Mamual [44]. These results were replicated by computer ran ID VARMMECH003_Test on
computer TBLOWEL. Therefore, the soffware remains acceptable for use, smee the in-use results (See Table 6-6)
for the test case comespond fo the target test case from [44]. The computer files for test case VMMECHO003_Test
are hsted in Table 6-5.
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Table 6-5: ANSYS" Mechanical Workbench Computer Run Record for In-Use Testing

Fun Identifier: VMMECHO03 TEST
Diate/Tinse: 41172018, 8:58 AM (PST)
Computer: TELOWEIL
Deseniphion- MModal Anabysis of Anmlar Flate
Hardwrare Tntel® Keon® CPU E5-1620 v2 @ 3.70 GHz, 16.0 GB EAM
Operating Mlicrosoft Windows 7 Enterprise, 2009, SP 1
System-
Fienama:: Name Catc modificd Type Sizc
URARITC LD _TST flas 4 MIRRSAAN  [ie Falder
VRARITC L IDTLSTTR LI0F0IA TP STTF File S5 En
A v o) ALNTEEE AN AMUYSLIL wkpy Dl 214 K0
Table 6-6: ANSYS® Mechanical Workbench Test Case VMMECHO0032 Results
Target Case Ansys" Mechanical
Results CT'Iﬂ[ﬂ] VMMECH®3 TEST on EI(%[ “}r
ase TBLOWEL

15t Frequency Moda (Hz) | 310.911 311.04 0.04

2nd Frequency Mode 318.086 3165

(Hz) 050

Ird Frequency Mode (Hz) | 318.085 31654 049

4th Frequency Mode (Hz) | 351.569 347.77 -1.08

5th Fraquency Mode (Hz) | 351.569 34778 -1.08

6th Frequency Mode (Hz) [ 442451 43619 142

Page 1-80 May 1, 2019



Orano Federal Services
orano Title: Design and Prototype Fabrication of Railcars for Transport of
High-Level Radioactive Material Phase 3 — Prototype Fabrication and Delivery
Appendix |

Doc./Rev.: EIR-3021970-000
Project:  00225.03.0050 DOE Atlas Project

CALC-3021251-D00

Page B0 of 25
A AREVA Federal Services LLC
AREVA Title: Structwral Fvalmation of the ATTAS Exlear Test Load
Doc/Rev.: CALC-3021251-000
Project: 0022503 0050 - DOE Atlas Railear Page 80 of 95

7.0 RESULTS/CONCLUSIONS

7 Inertial Properties Assessment

Takle 7-1 balow shows the companson between the mertial property requrement from Table 4-6 and the
computed value for each merhial property for the mumimum condition test load cask/cradle combmation (See
Fizure 5-1). The left column hsts the requrement, while the mmuddle column reports the computed value, and the
right-hand columm hsts the vanance from nommnal and a compliance statement  Smmlarly, data compansons are
reported in Table XY, for the maxinmm condition test load cask/cradle combination.

All mertial properiies comply with the companson requirements from the desipn phase, except for the followmg:
*  Maxmwm (Loaded) Cask/Cradle Weight (Tb)

In the case of the weight of the maximmm condition fest load and eradle, the miniwum requiremnent 1s 433,137
pounds, but the computed value is at 430 858 pounds. Thi= 2 279 pound vananee (40.5%) 15 m fact desrable to
reach mn thys calenlation, as the actual weaght of the test load will be greater than that computed (due to Tustified
Assumphon 3.2.T). The DBED [§] requirement states i § 2.2.4.2 a that the tolerance 1s for the “fabricated
maximum test load”, not the as-modelled maxmum test load with cradle design. Therefore, post-fabrication, the
actual weight will increase. and will mest the 433,137 to 446,131 pound range requured. If necessary, the abiity
to add matenal to the test loads to adjust for overall tarpet weight 1= allowed per flag note 12 m [2].
For the owverall ralear maximum condihon vertical O asseszment, Section 5.1.2.1 calculated thas value. For the
overall ralear vertical CG location from the rails, the vahoe 15 9519 mnches. Por Section 4.3.2 2, the macoinmmm
acceptable overall CG from the rail fracks 15 98 mches. Therefore, the test load on railear masammm vertical CG
Table 7-1: Test Load Inertial Property Comparison Assessment from Design Phase Requirement - Minimum
Condition Test Load Cask/Cradle Combination

Camparator Mins Cﬂrﬂe:ll Test
Est Eempty NP 157 Cack | CooECradle | ement”

Cradle) (See Table 46) o pot® o ),
Winirmm (Empty) Cazk/Cradle Weight (k) | = -5% of 201,076 195,186 3% Vs
Vertical OG from railear deck (inches) +251n of 56.96 56.97 +0.01 Yes
Lateral C& from railear center (inches) + 50 of -0.028 -0.0001 +0.0279  |Yes
Longmitudinal CG from ratlear center (inches) |+ 50-m. of 1.07 1.01 -0.06 Tes
Rotational MMI Vertical Axis (b = i) |<10% of 807.993.293  [838840049  [+38%  |Ves
Fotational MMI I ataral Awiz (Ib = in®) £10% of 824202094  [853287506  |+3.5%  [Yes
Rm—.:nm%al MMI Longitndinal Axis £10% of 278.839.838  [275276,750  |-13%  [Yes
(b = m
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Table 7-2- Test Load Inertial Property Comparison Assessment from Design Phase Reguirement - Maximum
Condition Test Load Cask/Cradle Combination

Comparater Namimuh | Calculated Test
Tnertial P - (Loaded HIStar 190 XL Load C:askl'Craﬂ]e T?I]'l.llfﬂ] Cmn;rlua m.tE
E Value Variance |Regquirement’
Cask on Cradle) (See Fi 5.2)
{See Table 4-7) rgure 5-2
Maxmmum (Loaded) Cask/Cradle Weight | = +5% of 433,137 430,858 2279 Mo
(k)
Vertical CG from railear deck (meches) |+ 25an. of 63.73 63.78 .05 Tes
Lateral C& from railear center (inches)  [+.50-in of O 0 0 Yes
Longitudmal CG from railear center + 50-n of 17.19 17.136 £0.034 Tes
(inches)
Fotational MMI Vertical Axis (Jb = m®)  |+10% of 2,451,205,788 |2,379,956,039 -2.9% Tes
Rotational MMI Lateral Axds (Ib = in®)  [+10% of 2.462.970,267 [2,379,821,638 4% Tes
Rotational MMI Longitudinal Axis +10% of 647,686,241 633,502,857 -2 2% Tes
(b = m’)
7.2 Test Load Structural Assessment

Table 7-3 below hists the results of the structural assessments conducted for the test loads. The results inchode the
margn results for various structural analyses from the allowable requiremsent=. All results show positive margm.

In Section 5.6, the results of the modal analysis from Table 5-22 show that the first order bending frequencies of
the minimum and maxmmum condition test loads are 15.471 and 40.038 Hz, respectively. These values are greater
than the allowable mrnivnm of 14.1 Hz (See Table 4-4) by a margin of 9.7% and 84% for the mmirmm and
maximum test loads, respectrvely. As a result, the desipn of the test load’s lowest bending frequency is not
exciied by the milear test mputs (See Table 7-3).

Table 7-3F: Test Load Structural Evaluations and Margins from Allowables

Loading Margin from
Component Analyzed and Property Evaluated Conditi Allowable Source
Ship Resistance for Tie-Rods on Drop-In Weight Bundles Lateral or Ranpe: 60-20% |Table 5-16
Vertical Inerhial
Shear Strength for Tie-Rods on Drop-In Weight Bundles Lateral or Fange: 15-80% |Table 5-16
Vertical Inertial
Tenmle Strength for Tie-Fods on Drop-In Weight Bundles Longitudinal  |Range: 32-84% [Table 5-16
Inerhial
Shp Resistance for Bolts on Dirop-In Weight Bundles Lateral Inerfial |Eange: 63-89% |Table 5-19
Shp Resistance for Bolts on Drop-In Weight Bundles Vertical Inertial |Range: 64-89% (Table 5-19
Shear Strength for Bolts on Drop-In Weight Bundles Lateral Inarfial |Range: 26-76% |Table 5-19
Shear Strength for Bolts on Drop-In Weight Bundles Vertical Inertial |[Eange: 27-77% |Table 5-19
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Component Analyzed and Property Evaluated Condifion Allawahle Source

Tensile Strength for Bolts en Drop-In Weight Bundles Longitudinal  |Eange: 39-81% |Table 5-19
Inerhal

Internal Thread Shear for Bolts on Drop-In Wenght Bundles All Inertzal 53% Mimmum |Secton 5.2.2.1

Beanng Stress on Shear Eey Reachon Fone of Strongback Lopmtudinal |63% Section 5.2.3
Inerhal

Combined Shear and Bending Stress on Strongback End Stop  |Longtudinal  [62% Section 5.2.4

Plate Inerhal

Compressive Stress on Strongback End Stop Support Bib Plate (Longitudinal — |73% Section 5.2.5
Inerhal

Shear Stress in Strongback Beam Shear Keys Vertical Inertial [307% Section 5.2.6

Shear Stress in Strongback Beam Shear Eeys Longitudinal  |15% Section 5.2.6
Inerhal

Tensile strength through hft lug at plane tangent to bottom of  (Liftmg 45.6% Section 5.3.1.1

doubler

Tensile Strength through the hift lug pimhole on Drop-In Weight |Lifting Fange: 39-64% [Table 5-21

Bundles

Single Plane Fracture Strength bevond the 1ift lug pinhole on Liftng FRange: 18-51% |Table 5-21

Dirop-In Weight Bundles

Diouble Plane Shear Strength beyond the lift lng pinhole on Liftmg Range: 17-51% |Table 5-21

Drop-In Weaight Bundles

Beanng Strength through the hift lng pinheole on Drop-In Weight |Lifting Range: 29-57% [Table 5-21

Bundles

Weld Strength for the hft lug doubler Lifting 50%% Section 5.3.1.2

Bendmng Stress in Strongback Beam Lifthng 63% Section 5.3.2

Shear Stress in End Stop Rib Gusset Fillet Welds to End Stop  |Longmitudinal  [47% Section 54.1

Flate Inerhal

End Stop Fab Gusset to End Stop Fillet Weld Size Check MA 50% Secton 54.1

Primary Shear Strength in Bottom-End Saddle Bundle Lateral Inertial |36% Section 54.2.1

Assembly Fillet Weld connection to Strongback Beam

Combined Loadmg Capacity in Bottom-End Saddle Bundle Lateral Inertial |B.6% Section 54.2.2

Assembly Fillet Weld connection to Strongback Beam

Mimmmum Condition Test Load First Order Mode Natural Modal Analysis |9.7% Section 5.6

Frequency

Maxmum Condition Test Load First Order Mode Matural Modal Analysis | 84% Section 5.6

Frequency
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7.3 Results of Applicable Literature Searches or Other Background Data

In accordance with the AREVA Federal Services caleulation procedure AFS-EN-PRC002, Section 5.5.2 [45] no
hterature searches, or other apphecable background data were pursued m the completion of ths report. This does
not inchude appropnate usage of the references indicated in Section 8.0 as cited herem
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APPENDIX A: ANALYZED COMPARISON REFERENCE DATA

Ths Appendix provides weight, CG and MM mformation for the referenced design phase components. This
data 15 used as a baselme for these merfial properties” compansons.

A MP-197 Cradle
Table A-1: MP-197 Cradle Weight from 5W Models of Appendix A3 of [20]

Total : Top-
File Name Quantity | Mass |Density Weight SW-Material Level
Weight |

MP197-100-A5 T072.36 |0.28 T072.36 |Top Subassembly 707236
MP197-100-08 2662.61 |0.28 332522 |Low-Alloy'Carbon Steel
MP197-100-09 74589 |0.2B 1451 78 |Low-Alloy/Carbon Steal
MP197-100-10 17768 |028 25536 |Low-Allow/'Carbon Steel

MP197THE-100-A3(A] Default) 3379.14 028 6758.27 |Top Subassembly 673827
MP197HBE-100-01{A] Defaulf) 1736.95 |0.28 M732  |Low-Alloy/Carbon Steel
MP197HE-100-02{A1 Default) 84098 028 3363.93 |Low-Alloy/'Carbon Steel

MMP197-100-44 2053.64 |0.28 4107.28 |Top Subassembly 410728
MP197-100-04 280956 |02B 323826 |Low-Alloy/Carbon Steel
MP197-100-06 271.22 |0.28 3345 | Low-Alloy'Carbon Steal
MP197-100-07 4776 028 19103 |Low-Alloy'Carbon Steel

MP197-100-05(Detanlt)
BAR 3 X 93_5(A1 Default)

3528 028 141.12  |Low-Alloy/Carbon Steal
471.09 |0.28 1884 36 |Low-AlloyCarbon Steel | 1884 36

= ESI RS I B R I P B T ] o I I ] R ) o ] T ] O] O

MP197-100-A6 9033 |028 [1806.61 |Top Subassembly 1806.61
MP197-100-14 §38.88 |0.28 167775 |Low-Alloy/Carbon Steel
MP197-100-13 3221|008 |17885 |Low-Alloy/Carbon Steel

[MP157-100-11 84596 _[029 (84596 |High Alloy/Stainless Steel |845.96

PLATE I.BEAM DOUBLER 159.76 [0.28  |639.04 |Low-Alloy/Carbon Steel |639.04

MP197-100-12 1329 [028 53161 |Low-Alloy/Carbon Steel |531.61

1021174 103 [0297 [411.99 |Crosby Custom 411.99

PIPE. 45 @ 6251 |028 [250.05 |Low-Alloy/Carbon Steel |250.05

MP197-100-15 738|028  [29.11 |Low-Alloy/Carbon Steel [29.11

PLATE END CAP 718|028 [2872 |Low-Alloy/Carbon Stesl |25.72

MP197-100-16 035|028 |1 Tow-Alloy/Carbon Steel |1

Total Weight 14366.4
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Table A-2: MP-197 Cradle Weight, CG and MMI from 5W Models of Appendix A3 of [20]

[ass properties of MP197-100-A2

Confipuration: Al Default

Coordinate svstem: Ealear Center

|Bdass = 2436636 pounds

[Vohmme = 86836.42 cubic mches

Surface area = 13819502 sguare inches

Center of mass: ( inches )

H=002

=002

Z=16.80

|Jmertia: { pounds * square inches )

Principal axes of merha and principal moments of

Taken at the center of mass.

T = ( 100, 0.00, 0.00)

Px=50158278.57

Ty = ( 0.00, 1.00, 0.00)

Py =50623981.11

Tz=( 0.00. 0.00, 1.00)

Pz =T8164217.77

M oments of inerha: { pounds ¥* sguare mches )

Taken at the center of mass and ahgned with the

output coordnate system.
Lxx = 50158278.91 Lxy= 6251 Lxz=13019.13
Lyx =-62.51 Lyv= 50623981 42 [Lvz=-2968.34
Lz =3019.13 Lzy=-2068.34 Lz==T81564217.13
M oments of inerhia- { pounds * sguare mehes )
Taken at the cutput coordinate system.
bex = 57035400.27 By =-69.16 ez = 10416.32
byx =-65.16 By =357301114.17 [lyz==-9153 8%
= 10416.22 Izy =-9153.89 [z== = T8164230.65
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A2 HI-Star 190 XL Cradle

Table A-3: HI-5tar 190 X1 Cradle Weight from 5W Models of Appendix A1 of [20]
File Name Quantity| Mass |Density 1}:"."1! STW-Material T{'{"L""

1903 Saddle Assembly 3606339 10256 [T212.677| Top Subassembly TI2ETT

19031 Base Block 1631.8596 |0.28 3263.792| Low-Alloy/Carbon Stesl
19031 Saddle Flate 245768 |028 1966151 | Low-Alloy/ Carbon Stesl
19031 Cask holder plate - long 782122 |0.28 1564244 Low-Alloy/Carbon Steel

2
2
8
2
19031 Lower gusset plate 4 28451 JO2B 113 846 |Low-Alloy/Carbon Steel
3
3
1
rl
2

T90%L Rubber - Long 77554 [0.04 |[111.814 |General Rubber
1903L Saddle top plate(190 SL) 71162 |028 |84.649 |Low-Alloy/Carbon Steel

TO03L Upper Gusset plate 8146|028 |72586 |Low-Alloy/Carbon Steel

T903L Uppervertical gusset 5899|028 |35.595 |Low-Alloy/Carbon Steel
T903L Skid beam assembly(Defaul) 807711 |028  |3615422|Top Subassembly 540

1903L BASE I BEAM 2 1350492 [0.28  |2718.983|Low-Alloy/Carbon Steel

TO00LL Skid | beam close plate(190 L) |3 112055 |028 |HM8.219 |Low Alloy/Carbon Steel

TO00LL Skid 1 beam close plate r) 112055 |028  |M8210 |Low-Alloy/Carbon Steel
OFPOSITE(190 1)
1903L Strap Assembly 2 764.384 |0.242 |1528.767|Top Subassembly 1525.767

1000 Strap 3 654018 |028  |1309.836|Low-Alloy/Carbon Steel

1903L Strap connection block{190 SL) |4 44672 [|028 |178.687 |Low-Alloy/Carbon Steel

1903L Strap Rubber 2 0122 |0.04 |40248 |General Rubber
FBOLT 1 2500-Tx5=2 150 3 7450|028 [7377 |Low Alloy Steel 7377
FABOLT 1.0000-8x7x1-N 1 1918|028 |1.918 |Low Alloy Steel 1918
1903L 18 hex mut 1 0251 |028 |1.003 |Low-Alloy/Carbon Steel 1.003
Regular FW 1 1 018|028 [0.721 |Low Alloy Steal 0.721

Total Waight 123679
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Table A-4: HI-5tar 190XL Cradle Weight, CG and MMI from 5W Models of Appendix A 1 of [20]
E&iasspmpertiﬁnfl?ﬂ}{l Skid Assembly
Confimration: Defanlt
Coordinate system- Eailear Center

|Mass = 12367 886 pounds
[Volume = 47429 406 cubic inches

Surface area = 107746 698 square mohes

Center of mass: ( inches )

=017
T =0.001
Z=22118

Prneipal axes of mmerhia and prineipal moment=
of mertia: { pounds * square mches )
Taken at the center of mass.

T = ( 1000, 0.000.-0.001) [Px= 29548013520

Ty = ( 0.000, 1.000. 0.000) |Py=37932622.660
Iz=( 0.001, 0.000, 1.000) [Pz=47747972.780

[Moments of inertia: { pounds * square mches )
Taken at the center of mass and ahgned with

the cutput coordinate system.
Lo = 29548022 077 [Lxy = 1667.335 Lxz=-12235.047
[Lyx = 1667.335 [Lyy =37932622.740  |Ly==-2013.157
Lz =-12235.047 [Lzy =-2013.157 L=z = 47747964 143

|Moments of inertia- { pounds ¥ square mehes )
Taken at the output coordinate system

box = 35508324771 Loy = 1665.541 ez = -G0612.607
yx = 1665.541 Iyy =43983312 247  |lyz=-1T88 807
[l = -60612.607 =y = -1785_807 == = 47748350973
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APPENDIX B: SW MODELS LISTING
Diate Time File Size File Name
2212018 1:52 PM 484,612 1021174 SLDPRET
22772018 12:16 PM 47,302 190 5L - X1 Base Block SLDPRET
312018 634 PM 61,738 190 5L - XL Saddle top plate SLDPRT
312018 6:34 PM 89 800 190 5L - XL 5EID BASE I BEAM SLDPRT
312018 6:34 PM 65,501 190 5L - XL Skid I beam close plate OPPOSITE SLDPRT
312018 634 PM 949,500 190 5L - XL Skid I beam close plate SLDFRET
3/29/2018 11:36 AM 85,007 190 5L - XL Strap Assembly SLDASM
312018 634 PM 61,258 190 5L - XL Strap connection block SLOPRET
312018 6:34 PM 90,508 190 5L - XL Stap SLDPRT
3/29/2018 11:36 AM 118 568 190 5L - XL TH-40 Saddle Assembly SLDASM
312018 6:34 PM 47,743 190 5L - X1 Uppervertical gusset SLDPRT
312018 6:34 PM 73,713 190 5L - XLCask holder plate - long SLDPRT
312018 6:34 PM 55,508 190 5L - XL Lower Gusset plate SLDPRT
3/29/2018 11:36 AM 83,351 190 5L - XLTH-40 5kid beam sssembly SLDASM
3/29/2018 11:36 AM 68,360 190 5L - XL Upper Gusset plate SLDPRT
37142018 4:56 PM 67,913 190 5L = XL Saddle Plate SLDEET
3162016 B:06 AM 189 052 190 SL-X1.H-Star 100 Middle plate SLDPET
3/29/2018 11:36 AM 120,180 190 XL end stop assembly. SLDASM
3/29/2018 11:36 AM 1,136,984 | 190 XL Skid Assembly SLDASM
27262018 302 PM 1,033,867 | 1903L 1-8 hex mut SLDPRT
3292018 11:36 AN 54,201 19031 Alipn plate SLDPRET
3/29/2018 11:36 AM 45 382 19031 Base Block SLDFRT
3/29/2018 11:36 AM 58,910 19031 Cask holder plate - long SLDFRT
3/28/2018 558 PM 157,950 190XL Cask SLDPFET
3/29/2018 11:36 AM 89 268 19031 Cemter high musset SLDFRT
312018 4:14 PM 41 4461 19031 end stop attched SLDFRT
312018 414 PM 42151 19031 end stop front plate SLDPRT
3/29/2018 11:36 AM 51,306 19031 Gusset plate SLDPRT
3/29/2018 11:36 AM 43 841 19031 Lower gusset plate SLDPRT
332017 56 AM 104,406 190XL Middle plate SLDPET
3/29/2018 11:36 AM 56,858 19031 Fubber - Long. SLDPET
332017 o056 AM 124028 19031 Bubber - Short SLDPET
3/29/2018 11:36 AM 97411 19031 Saddle Assembly SLDASM
2726/2018 3:02 PM 54,205 19031 Saddle Plate SLDFET
2726/2018 3:02 PM 59,633 19031 Saddle top plate SLDPET
2726/2018 3:02 PM 87,363 1901 SEID BASE I BEAM SIL.DFRET
3/29/2018 11:36 AM 62,1461 19031 Skid beam assembly SLDASM
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Diate Time File Size File Name
226/2018 302 PM 119,716 1901 Skid I beam close plate OPPOSITE SLDPRT
2726/2018 3:02 PM 82 503 19031 Skid I beam close plate SLOPRT
3/29/2018 11:36 AM 76,128 19031 Strap Assembly SLDASM
2726/2018 3:02 PM 58,056 19031 Strap connection block SLDPRT
2262018 3:02 PM 58,138 19031 Strap Fubber SLDPRT
312018 12:20 PM 73,397 190XL Strap SLDPRT
3292018 11:36 AM 23843 | 190%L Upper Gusset plate SLDPRET
3/29/2018 11:36 AM 39503 190XL Uppervertical pusset SLDPRT
312018 414 FM 50,606 190X L VERTICAL PFLATE SLDFRT
312018 4:14 FM 125,120 1903 L Gusset short SLDPET
32002018 11:36 AM 120,240 | 190XI Stop end assembly SLDASM
3/15/2018 3:1TPM 1,555,235 ;ﬁ%ﬂ?ﬁ% HEAVY HEX HEAD STRU!
91583A359 GALVANIFED STL HEAVY HEX HEAD
3/14/2018 12:52PM L3607 | crovyTUDAT BOLT GILSLDPRT
312018 1:41 FM 450,005 ?;U“%iglﬂﬁl;?TI')E 7ALLOY STEEL HEX
98427TAS00 HEX NUT FOR ASTM A325 STRUCTURAL
312018 1:41 PM 489 431 BDITS_GI._ELDF‘RT
2272018 12:41 PM 85297 Al-14 Key SLDPRT
3/29/2018 11:36 AM 219,234 Al-Min Load Test Cradle Assy. SLDASM
2272018 12:41 BM 83,030 A201 W 18X 119 5LDPET
2272018 12:41 BM 41,224 A2-02 Plate 13X 12X 11 3 SLDPRT
22772018 12:41 PM 52,836 A?03 Plate 1.0 X 178.1 X 162 SLDPET
272772018 12:41 PM 39044 A2 Plate 1.0 X 24.0 X 15 5 5LDPET
32042018 4:3TPFM 65,635 AZ05 Plate 1.0 X 112 0X 500 SLDPRT
2272018 12:41 PM 73,661 AZ-06 Plate 1.0 X 122 5 X 825 SLDPRT
227018 12:41 PM 41, 848 AZ-10 Plate 2.0 X 24.0 X 15 5 5LDPET
2272018 12:41 PM B0, 666 A72-11 Plae 2.0 X 14.7 X 6§25 5LDPET
2272018 12:41 PM 124,506 AT-12 Plate 3.0 X 835 X 37.75.5LDPET
2272018 12:41 PM 43,261 AZ-13 Plate 3.0 X 835 X 95 5L.DPFRT
2272018 12:41 PM 42 022 AZ-15 Plate 3.0 X 6.0 X 93 5 5LDPRET
2272018 12:41 BM 63,907 A2-16 Found 6.5 DIA X 11.25 SLDPRT
3/29/2018 11:36 AM 135,133 A2-Base Weldment Assembly SLDASM
3/29/2018 11:36 AM 51,279 A?-Beam Weldment STDASK
3/29/2018 11:36 AM 56,480 A2 Key Sob assy. SLDASM
3/29/2018 11:36 AM 116,147 Al-Saddle Sub Weldment STTDASM
227018 12:41 PM 81,311 A3-0T Plate 4-Bolt SLDPET
227018 12:41 PM 61,206 A3-0E Plate 4-Bolt SLDPET
2272018 12:41 PM 144,740 A3 4-Bolt SLDPET
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227018 12:41 PM 54 510 A30X Cap 4-Bolt SLDPET
3/29/2018 11:36 AM 95,237 A3-4-Bolt Tiedown Weldment STIASK
3182018 626 PM 95 427 ATLAS PILLOW PLATE SLDPRET
3182018 626 PM 47,508 ATLAS PLATE PAD SLDPRET
3182018 626 PM 112366 ATLAS U-BLOCE B NEW . SLDPET
3182018 &:26 PM 138,847 ATLAS U-BLOCE CHEW.SLDEET
3212018 10:04 AM 126,620 ATLAS TU-BLOCE NEW . SLDPFET
2212018 1:52 PM §4,206 BAR 3 X 93 5 SLDPRT
3/29/2018 11:36 AM 667,256 CADDIE CAR SLDASM
2212018 6:22 PM 46,340 CADDIE CAF SILDFRT
322018 438 PM 40,454 Center Beam Extension GJ SLDPFRT
3/29/2018 11:36 AM 45,792 Center Beam SubWeldment GJ.SLDASM
32772018 431 PM 571,543 | Dvopin Weight Hesvy End]_|THE GISLDPRT
3222018 12:04 PM 338283 | Dropin Weight Heavy End]l_3THE_GJ.SLDPRT
32TR01E 431 PM 115,867 | Dwopin Weight Heavy End?_1THE. rear GTL.SLDPRT
32272018 12:01 PM 263,993 | Dropin Weight Heavy End?_3THE. rear GISLDPRT
372018 12:42 PM 144004 | Dropin Waizht Heavy_2.75THE_GJ.SLDPRT
327018 4:32PM 155814 | Dvopin Waizht Heavy_GI.SLOPRET
3752018 T48 PM 47 408 End Plate_GI.SLDFRT
3/15/2018 323 FPM 131,781 end-chock SLDFET
2212018 622 PM 232 456 flathed camage SLOPET
3/29/2018 11:36 AM 1,282 310 | flathed rail car. SLDASM
2272018 12:58 PM 59,523 FlaiWasher 1 GISLDPET
2212018 622 PM 374,791 freight train wheel SLOPRT
32272018 12:42 PM 45,380 Gusset_GI.SLDPET
312018 139 PM 139,801 HEOQLT 1.0:00-Ex 7= 71 sldprt
312018 1:39 PM 201 486 HEOLT 1.2500-Tx5x2. T5-M.sldprt
312018 1:30 PM 150,978 HEX NUT 1.750-5 SLDPFRT
3/29/2018 11:36 AM 183,793 Hi-5Star 190X Test Load Cradle sldasm
3/18/2018 6:26 PM 252813 HX-S5HCS 0.625-11x1_25x1.25-N.sldprt
3/18/2018 520 PM 187 316 HX-S5HCS 1.375-6x4 25x3 . 5-N sldprt
3272018 1:16 PM 59,881 Lifi L ug Reinforce GI.SLDPRT
3292018 11:36 AM 5,258,847 | Max Test Weight Assembly 7 SLDASM
382018 B45PM 585,047 Max Weight Tie Rod_3_GJ.SLDPRT
3152018 12:59 PM 448,206 Max Weight Tie Rod 4 GISLDPRT
32272018 218 FM 565,256 Max Weight Tie Fod GI.SLDPRET
3292018 11:36 AM 785,580 | Max _Add Weight 1 GISLDASM
3292018 11:36 AM 850864 | Max Add Weight 2 GILSLDASM
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Diate Time File Size File Name
3202018 11:36 AM 206,058 | Max_Add Waight 3 GI.SLDASM
3292018 11:36 AM 796,157 | Max_Add Weight 4 G1.SLDASM
3292018 11:36 AM 2,200,408 | Min Test Weight Assembly GTSLDASM
3/28/2018 621 PM TE4, T4 Min Weight Added Tie Rod GI.SLDPRT
3272018 430 FM 222 508 Min Weight Plate 1THE GIL.SLDPET
3272018 4:41 PM 172,642 | Min Weight Plate 1THE GJ LH SLDPRT
3/15/2018 332 PM 623,470 Min Weight Tie Fod_ GT.SLDFRT
3292018 11:36 AM 800036 | Min Add Weizht 7_GI.SLDASM
3202018 11:36 AM 004,550 | Min Add Weight ] LH SLDASM
3/29/2018 11:36 AM 34111 Mirror]1 80 XL end stop assembly SLTDASM
3/29/2018 11:36 AM 34,105 Mirror] 80 XL end stop assemblyl SLDASM
3/29/2018 11:36 AM 32,602 Mirror] 80X Align plate SLDPFRET
3/29/2018 11:36 AM 35,925 Mirror ] 90X Center high asset SLDFRT
3/29/2018 11:36 AM 30,486 Mirror M0FL end stop atiched SLDPRT
3/29/2018 11:36 AM 31,517 Mirror] #0XL end stop front plate SLDPFERT
3/29/2018 11:36 AM 30,460 Mirror] M0FL Gusset plate SLDPRET
3/29/2018 11:36 AM 32,007 Mirmorl #0EL VERTICAL FLATE SLDPET
3292018 11:36 AM 34,562 Mlirror ] 0L Gusset short SLDPRT
Mirror08427A600 HEX NUT FOR ASTM A325

3/29/2018 11:36 AM 82 467 STRUCTURAL BEJLTS_GJ'.SLDP‘RT
3/29/2018 11:36 AM 29 867 Mirmorend-chock SLDPET
3/29/2018 11:36 AM 28174 MirrorMimor] 90 XL end stop assembly. SLDASM
3/29/2018 11:36 AM 32,100 Mirrorhiimor] WXL end stop font plate SLDPET
3/29/2018 11:36 AM 36,500 MirrorSaddle Bundle Strongback (GJ sldasm
3/29/2018 11:36 AM 89 806 MimrorSaddle End Cap Plate_GT SLDFRT
3/29/2018 11:36 AM 184,054 MirrorSaddle Rimg Tie Rod GISLDFRT
3/29/2018 11:36 AM 33,301 MimrorSaddle Rimg 2 .0THE _GI SLDPRT
3/29/2018 11:36 AM 33,114 MirrorSaddle Rimg GT.SLDPRT
3/29/2018 11:36 AM 112 661 MirrorShear Eey Ring 3THE_GI.SLDPET
32042018 453 FPM 129 305 MP197 Cask SLDFRT
32042018 122 FM 74,606 MP197 IL.SLDFET
2212018 1:52 PM 66,658 MP197-100-04 SLDPET
2212018 1:52 PM 39,008 MP197-100-05_SLDPET
2212018 1:52 PM §1 361 MP197-100-06.5LDPET
2721/2018 1:52 PM 51,361 MP197-100-07_ SLDPET
32042018 354 PM 64356 MP197-100-08 SLDPET
2212018 1:52 PM 42 606 MP197-100-09_SLDPET
2212018 1:52 PM 43 011 MP197-100-10_5LDPET
2272018 11:580 AM 82 814 MP197-100-11_ SLDPET
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2212018 1:52 PM 68 688 MP197-100-12 SLDPET
221/2018 1:52 PM 58,085 MP197-100-13_ SLDPET
2212018 1:52 PM 91,439 MP197-100-14.5LDPET
2212018 1:52 PM B4, 501 MP197-100-15_5LDPET
27212018 152 FM 4,017 MP197-100-16.5LDPRT
3292018 11:36 AN 435,188 MP197-100-A2 SLIASK
3/29/2018 11:36 AM 96,300 MP107-100-A4 SL.DASK
3/29/2018 11:36 AM 56,022 MP197-100-A5 SLDASKM
3/29/2018 11:36 AM 77,8903 MP197-100-A8 SLDASKM
3/29/2018 11:36 AM 111,819 MP197 SLDASM
2212018 1:52 PM 72,107 MP1OTHB-100-01_SLDPET
2212018 6:43 PM 63,975 MP1OTHB-100-02_SLDPET
3/29/2018 11:36 AM 10,287 MP19THE-100-A3 SLDASM
312018 6:34 FM 56,914 p BLOCE SLDASM
3182018 626 PM 121,677 FIN 5TOF FLATE SLDFRT
3182018 626 PM 85,213 PIN TRAY VERT.SLDPET
2192018 T40 FM 137,198 PFIN TRAY .SLDFRT
2272018 11:16 AN BT 428 PIFE, 4.5 DIA SLDPRET
37182018 626 PM 45830 FLATE 38 THE RATIL.CAR SILDPRT
2212018 1:52 PM 67,602 FLATE END CAP SILDPET
2721/2018 1:52 PM 112,500 PLATE I-BEAM DOUBLEFR SLDFET
3/18/2018 6:26 PM T0,264 PLATE PENDULUM .25 THE SLDPET
32042018 @10 PM 89 441 rail rack SILDPRT
ME2016 T8 AM 97,792 Bailcar Cask hold plate SLDPET
3/29/2018 11:36 AM TO,082 FEATL.CAF FLOOE SLDASK
3182018 626 PM 162,149 FATLCAFR PIN 4 DIA 20LG SLDPET
3182018 626 PM 83,218 FAILCAF. PIN 4 DIA 36LG. SLDPRT
312018 139 PM 111,183 Fegular FW 1.sldprt
3292018 11:36 AN 169,133 Saddle Bundle Stromghack (GJ.sldasm
32772018 52 AM 337,513 Saddle End Cap Plate GI.SLDFRT
32272018 12:22 PM 553,481 Saddle Ring Tie Rod_GI.SLDPRT
362018 T24 PM 75,617 Saddle Ring_ 2 0THE _GI.SLDPFRT
2272018 T48 PM 68,015 Saddle RinE_G-.T.SLDP‘RT
227018 12:16 PM 212307 SHCS 1.75-5x8 x4 5-N SLDPRT
2272018 T48 PM 637,150 Shear Key Ring Tie Rod_GI SLDPRT
3222018 12:28 PM 327,622 | Shear Key Ring 3THE GJ.SLDPET
3152018 430 FM 73,121 Shear Eey Ring GISLDPRT
3/29/2018 11:36 AM 907,325 Shear ey Weight GISLDASM
3182018 &:26 PM 109,190 SIDE BLOCE A 12 WIDE.SLDPET
3182018 &:26 PM 116,008 SIDE BLOCE B 12 WIDE. SLDPFET

Page 1-95 May 1, 2019



Orano Federal Services
orano Title: Design and Prototype Fabrication of Railcars for Transport of
High-Level Radioactive Material Phase 3 — Prototype Fabrication and Delivery
Appendix |

Doc./Rev.: EIR-3021970-000
Project:  00225.03.0050 DOE Atlas Project

CALC-3021251-D00

Page 55 o755
A AREVA Federal Services LLC
AREVA Title: Structural Evalmation of the ATT.AS Exlear Test Load
Doc/Bev.: CALC-3021251-000
Project:  00225.03.0050 - DOE Atlas Railear Page 95 of 95
Drate Time File Size File Name
3/15/2018 216 PM 76,258 Solid Center Beam GJ SLDPRT
3/29/2018 11:36 AM 5,513,835 | Test Load Railcar Top-Level SLTDASM
3/29/2018 11:36 AM 517,342 Test Load Bailcar Top-Level SLDORW
3/29/2018 11:36 AM 411 460 Test Weight Sronpback GI.SLDASM
27212018 622 FM §4,740 train axle SLDFRT
2212018 &22 PM 597,711 frain spring. SLDPRT
312018 1:41 PM B4.280 WASHEE. 1.75 NOM SLDPRT
3/29/2018 11:36 AM 650,326 Wheel Asm STDASM
2721/2018 622 PM 158,731 wheel side frame SLDPRET
192 File () 52,037,715 bytes
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DWW5-3020457-001

DWG-3020457-001, BALLAST TEST LOAD

8 I 7 [ 6 5 v 4 3 P 3020457 B i !
NOTES, UNLESS OTHERWISE SPECIFIED: — LIST OF MATERIALS
so | as | WY | %N [mEmNo PART NO DESCRIPTION SPECIFICATION
1. ALL WELDS ARE FULL PENETRATION WELDS UNLESS OTHERWISE SPECIFIED. Al BALLAST TEST LOAD
2. WELDING SHALL BE PERFORMED IN ACGORDANGE WITH AWS D1.1. 2 | A UNITBALLAST TEST LOAR ASSEMBLY
2 A3 MAIN BALLAST LOAD WELDMENT
. 3. FABRICATE IN ACCORDANCE WITH SPECIFICATION PKG-GF-SPC-003, = = e e g G
VEEJFY ALIGNMENT BY INSERTING A 4.06 DIA ROUND BAR EXTENDING THRU BOTH P T TIE DOWN WELDMENT
PLATES.
5, ﬁbﬁ%ﬁl‘f MATERIALS MAY BE USED WITH THE APPROVAL OF THE DESIGN e : i PLATE, 2.5 THIK X 85 % 48 ASTM ABE3
‘ NITS 3 7 2 PLATE, 3.5 THK X 106 X 48 ASTM A588
5> ??é'é?n‘e?ﬁﬁf AS REQUIRED TC ACHIEVE ASSEMBLY FIT-UP BETWEEN ITEM 4 AND s : 3 = FLATE. 26 THR R G4 % 166 ASTH ABSS
NITS 1 4 PLATE, 1.5 THK X 68 X 46.4 ASTM A588
TWO SHAGKLES (ITEM 13) ARE REQUIRED TO LIFT EACH A3 OR A4 WELDMENTS, = - = TR T
STENCIL THE FOLLOWING USING 1" HIGH LETTERS: "WARNING: MAX LIFTING LOAD NITS ] P PLATE. 2.5 THK X 106 X 48 ASTM A588
44,1 KIP OVER 2 ATTACHMENTS. DO NOT LIFT A2 AS ONE ASSEMBLY, LIFT A3 AND A4
AS SEPERATE ASSEMBLIES ONLY." "REMOVE A5 PRIOR TO LIFTING". NITS 2 7 PLATE, 2.5 THK X 10 X 48 ASTM A58
NITS 1 8 PLATE, 2.5 THK X 15 X 48 ASTM AS8B
9. LENGTH AND WIDTH DIMENSIONS FOR RAW MATERIAL IN THE LIST OF MATERIALS
DESCRIPTION COLUMN ARE FOR REFERENCE ONLY, WITH THE EXCEPTION OF THE NITS | 1 9 PLATE, 20 THKX 2 X B ASTM A588
STOCK PLATE ITEMS 1,3, 7 & 8. MANFUFACTURER SHALL CONFIRM ACTUAL Py e PLATE, 5 THKX1X 3 ASTM A588
e AT M 76-8 STAINLESS STEEL GUICK RELEASE PIN &
NITS 4 11 94075A488 L AR, Banis. 2 5 USABLE LENGTH McMASTER-CARR .
¢ NITS 4 12 92185A240 SOCKET HEAD CAP SCR, 10-24 UNC-2A X .38 McMASTER-CARR
NITS AR 13 1015659 SHACKLE, 1-3/d, 25T WLL e CROSBY |
11, ALLTEST LOAD PLATE SURFACES SHALL BE BLAST CLEANED PER SSPC-SPB. AFTER
ASSEMBLY, SHOP PRIMER SHALL BE APPLIED TO THE EXPOSED SURFACES OF THE
TEST LOAD ASSEMBLIES PER GOATING MANUFAGTURER'S INSTRUGTIONS.
TABLE 1- ASSEMBLY WEIGHT LIMITS
MINIMUM | MAXIMUM
ASSEMBLY | WEIGHT (LB) | WEIGHT (LB) <
Al 190,000 210,000
A3 38,000 42,000
A4 19,000 21,000
B
1| ECN NO. 3020457R0-E1
0 | INITIAL RELEASE
REV DESCRIPTION
REVISION HISTORY
NAME/SIGNATURE DATE P
Orano Federal Services LLC
- Packa}thglmg Projects
orano Federal Way, WA 98003
EM DSH AL G et |2/ 12/ 5 [owe e A
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DWG-3020458-001, MINIMUM TEST LOAD

8 | 7 | 6 5 o 4 3 | [ 3020458 1 T | 1
NOTES, UNLESS OTHERWISE SPECIFIED: LIST OF MATERIALS
so | % | [N |memng PART NO DESGRIFTION SPECIFICATION
1. FABRICATE IN ACCORDANCE WITH SPECIFICATION PKG-GF-SPC-003, At MINIMUM TEST LOAD ASSEMBLY
3. MATERIAL SIZES LISTED IN THE DESCRIPTION COLUMN ARE FOR REFERENCE ONLY. MANUFACTURER SHALL CONFIRM 1 a2 MINIMUM WEIGHT 7 PLATE ASSEMBLY
ACTUAL REQUIREMENTS PRIOR TO FABRICATION. 1 A3 MINIMUM WEIGHT 8 PLATE ASSEMBLY
INSTALL FASTENERS USING TURN-OF-NUT METHOD. AFTER SNUG TIGHT, 1/2 TURN FOR ITEM 12, 2/3 TURN FOR ITEM 4. D
NITS 1 1 3020935 CENTRAL ASSEMBLY
4. FASTENERS MAY BE REUSED ONLY IF THE NUT CAN BE THREADED BY HAND AFTER INITIAL USAGE, OTHERWISE
REFLACE FASTENER. (16 »[8 »| NS 16 2 ANCHOR ROD; $1-8X 13.0 LG ASTM A193, GRADE BY
5. ALL PLATE SURFACES SHALL BE BLAST CLEANED PER SSPC-SPG. N 18 a HARDENER WASHER:] ASTM P45, THFEA
J NITS 16 4 HEAVY HEX NUT, 1-8 UNC-28 ASTM A563, GRADE DH
B> THE LIFT POINTS SHALL BE LOAD TESTED TO 125% OF THE RATED LOAD (21 KIP X 1.25= 26.25 KIP) FOR DURATION OF
AT LEAST 10 MINUTES. THE MATERIAL ADJAGENT TO THE LIFT POINT SHALL BE VISUALLY INSPECTED TO ENSURE NTS | 1 1 5 PLATE WITH LUG, 1 THKX $112.0 X 116.0 ASTM A38
THERE ARE NO CRACKS OR DEFORMATION AFTER THE LOAD TEST. NITS 3 6 PLATE NO LUG, 1 THK X ¢112.0 ASTM A36
STENCIL THE FOLLOWING USING 1 INCH HIGH LETTERS: "LIFTING ATTACHMENTS RATED FOR 21 KIPS". INSTALL WITH NITS 8 7 PLATE, 1 THK X @112.0 ASTM A36 [
PAINT FACING OUTWARDS. USE EPOXY PAINT. GOLOR SHALL BE HIGH CONTRAST WITH BASE PRIMER COAT. NTS | 4 7 PLATE. 1 THRX @ 112.0 ASTM A3B
8. ALTERNATE MATERIAL MAY BE USED WITH THE APPROVAL OF THE DESIGN AUTHORITY. B> nrs | 4 9 ANCHOR ROD, @ 1 1/2 X 12.0 LG ASTM A193, GRADE B7
AN D 4 A193, GRADE B7
[§°> ALTERNATE ANGHOR ROD MATERIAL SHALL HAVE A YIELD STRENGTH OF AT LEAST 105 KS1. [3>| s A 12 BHORROD; AR 11 HLS ABTM V133, 2
NS | 8 8 11 HARDENED WASHER, 1 1/2 ASTM F438, TYPE 1
APPLY LOCTITE 2047 TO ALL FASTENERS BEFORE INSTALLATION. T A : + T T R ey
11, FOR LIFTING, A SCREW PIN SHACKLE WITH 1-3/8 PIN DIAMETER AND 12 TON WORKING LOAD LIMIT IS ACCEPTABLE
(USE CROSBY PART NO. 1018570 OR EQUIVALENT). c
ASSEMBLIES A2 AND A MAY BE FABRICATED BY ALTERNATE MANUFAGTURING METHODS SUCH AS CASTING, OR THE
PLATE THICKNESS ALTERED IN THE EXISTING DESIGN TO AGHIVE THE OVERALL ASSEMBLY WEIGHT, AS APPROVED BY TABLE 1-ASSEMBLY WEIGHT LIMITS
THE DESIGN AUTHORITY. MINIMUM MAXIMUM
ASSEMBLY WEIGHT (LB) WEIGHT (LB)
[13.> THE WEIGHTS OF THE A1, A2, AND A3 ASSEMBLIES MUST MEET THE LIMITS SHOWN IN TABLE 1. THE WEIGHTS OF THE = T e
A2 AND A3 ASSEMBLIES SHALL BE ADJUSTED WITHIN THEIR RESPECTIVE RANGES TO MEET THE WEIGHT RANGE FOR : .
THE A1 ASSEMBLY. WEIGH AND MARK THE A2 AND A3 ASSEMBLY WITH THE DRAWING ASSEMBLY NUMBER AND Az 15,000 16,300
WEIGHT USING 1-INGH HIGH LETTERS LOCATED APPROXIMATELY AS SHOWN. FE 18,000 79.400
DELETED, —
DELETED.
INSTALL ITEM 2 WITH THE SHORTER THREADED LENGTH GOING INTO THE CENTRAL ASSEMBLY PLATES. A THIN HEX
NUT (E.G. McMASTER-GARR PART 9501DA175) MAY BE USED AS A JAM NUT TO INSTALL THE ANCHOR ROD,
[17> AFTER ASSEMBLY, SHOP PRIMER SHALL BE APPLIED TO THE EXPOSED SURFACES OF TEST LOAD ASSEMBLIES A2 AND
A3 PER COATING MANUFACTURER'S INSTRUCTIONS, WITH THE EXCEPTION OF INSIDE SURFACES OF BOLT HOLES AND
THE INDICATED SURFACES IN CONTACT WITH THE CENTRAL ASSEMBLY,
i B
Orano Federal Services
July 11, 2018
Records Management
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Cii5-3020459-001

DWG-3020459-001, MINIMUM TEST LOAD CRADLE

8 [ 7 | 6 [ i 4 3 | ™™ 5020053 T i
LIST OF MATERIALS
NOTES, UNLESS OTHERWISE SPECIFIED: an [ ary | @
so | % | % | W [ITEMNO| PART NO DESCRIPTION SPECIFICATION
1. ALL WELDS VISUALLY INSPECTED PER AWS D1.1,
Al MINIMUM TEST LOAD CRADLE
2. WELDING SHALL BE PERFORMED IN ACCORDANCE WITH AWS D1.1. 1 Az BASE WELDMENT
STRAIGHTEN AND OR MACHINE BEAM TO ACHIEVE DIMENSIONS SHOWN. REMOVE NO MORE THAN 19 2 A3 TIE DOWNWELDMENT
INGHES FROM ANY SURFACE. THE BEAM MAY BE OPTIONALLY FABRICATED FROM PLATES OF EQUAL
THICKNESS AND MATERIALS OF EQUAL OR GREATER YIELD STRENGTH. FABRICATED BEAMS SHALL UTILIZE
FULL PENETRANT WELDS. NITS 1 1 PLATE, 6,0 THK X 22.6 X 22.1 ASTM A5G4 XM-16 H900
4. ALL SURFACES OF THE CRADLE, EXCEPT FOR LIFTING HOLES AND THE 4.13 DIAMETER HOLES SHALL BE [ >|NiTs A, # SHABIATYS SRCHELHERROAPSCREW, 50 S UNG ARBED McMASTER-CARR
BLAST CLEANED PER SSPC-SP-6 AND COATED WITH SELF-PRIMING ENAMEL, 2 COATS. THE NON-PAINTED NITS 1 3 PLATE, 3.0 THK X 35.8 X 93.5 ASTM AS14
WELDMENT SURFACES SHALL BE LIGHTLY COATED WITH NUCLEAR GRADE 'NEVER SEEZ' GREASE.
NITS 1 4 PLATE, 3,0 THK X 35.8 X 93.5 ASTM AS14
[5> OVERALL CAMBER IN BEAM AFTER WELDING SHALL BE LIMITED FROM .0 TO 13 INCHES. NITS 2 P PLATE. 3.0 THK X 9.5 X 93.5 ASTM AG14
6. FABRICATE IN ACCORDANGE WITH SPECIFICATION PKG-GF-SPC-003. NITS 2 8 PLATE, 2.0 THK X 9.5 X 24 ASTM A514
19, 178
7. LENGTH AND WIDTH DIMENSIONS FOR RAW MATERIAL IN THE LIST OF MATERIALS DESCRIPTION COLUMN [E WIS = t WARAAS e o ASTARSZ
ARE FOR REFERENCE ONLY, WITH THE EXCEPTION OF THE STOCK PLATE ITEMS 5, 6, 12 & 15, NITS 4 8 PLATE, 1.0 THK x 16.9 X 178.2 ASTM A514
MANFUFACTURER SHALL CONFIRM ACTUAL REQUIREMENTS PRIOR TO FABRIGATION. = . = S LATE, A% (L% 190 =TT
8. MINIMUM TEST LOAD CRADLE BASED ON MP187 CONCEPUAL DESIGN. DRAWING 3015139-000, NITS 4 10 BAR, @6.25 X 11.3LG ASTM A276, TYPE 304
DIMENSIONS SHALL MEET ANSVASME B18.3. NITS 4 L FLATE, 1.0/ Bk A §1204455 ASTMAS14
NITS 4 12 PLATE, 1.0 THK X 8.0 x21.0 ASTM A51¢
VERIFY ALIGNMENT BY INSERTING A 4.06 DIA ROUND BAR EXTENDING THRU BOTH BEAMS.
NITS 4 13 PLATE, 2.0 THK X 8.0 X 14.75 ASTM A514
MAY BE FABRICATED FROM MULTIPLE PIECES USING FULL PENETRATION WELDS. P = 7y PLATE, 1.0 THK X 120.0 X 8.0 AT AR
DIMENSION APPLIES FROM DATUM LINES F THRU G AND H THRU J. NITS 2 15 PLATE, 15 THK X 6.0 X 93.5 ASTM A514
TO BE USED FOR LIFTING ASSEMBLY A3 ONLY. NTS | 1 16 PLATE, 1.0 THK X 187.0 X 8.0 ASTM A514
NTS | 1 17 PLATE, 1.13 THK X 112.0 X 74.0 ASTM AS14
THE WEIGHT OF THE A1 ASSEMBLY MUST MEET THE LIMITS SHOWN IN TABLE 1, STENCIL THE
CORRESPONDING WEIGHT ON THE ASSEMBLY USING 1" HIGH LETTERS IN THE APPROXIMATE AREA AS NS | 2 1 FLAE S0 R0 ARTH AST4
SHOWN BELOW: NITS | 2 19 PLATE, 1.0 THK X 12.0 X 8.0 ASTM A514
ORANO DWG 3020458 A1 ASSEMBLY
WEIGHT: XX, XXX LBS
WHERE XX, XXX IS CORRESPONDING ASSEMBLY WEIGHT,
TABLE 1-ASSEMBLY WEIGHT LIMITS
MINIMUM MAXIMUM
PSSEMBLY. WEIGHT (LB) WEIGHT (LB)
Al 20,300 22,900
7__[ECN NO. 3020459R0-E1
0 |INITIAL RELEASE
REV DESCRIFTION
REVISION HISTORY
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APPENDIX |-5

DW5-3020460-001

Page 1 0of 8

DWG-3020460-001, MAXIMUM TEST LOAD

4 I % l & 5 v 4 5 | ™ 3020880 1 T ] 1
LIST OF MATERIALS
NOTES, UNLESS OTHERWISE SPECIFIED: o I i 0 [ s el el BT T PART NO DESCRIPTION SPECIFICATION
A1 MAXIMUM TEST LOAD ASSEMBLY
1. FABRICATE IN ACCORDANCE WITH SPECIFICATION PKG-GF-SPC-003. = o TR T e e e ey
2. MATERIAL SIZES LISTED IN THE DESCRIPTION COLUMN ARE FOR REFERENCE ONLY, 2 A3 MAXIMUM WEIGHT 25 PLATE ASSEMBLY
MANUFACTURER SHALL CONFIRM AGTUAL REQUIREMENTS PRIOR TO FABRICATION.
1 A4 MAXIMUM WEIGHT 29 PLATE ASSEMBLY
3. WELDING PROCEDURES AND WELDING PERSONNEL SHALL BE QUALIFIED IN ACCORDANCE 1 A MR TMON EIGHT 2% PLATE ASSEMELY
WITH ASME B&PV CODE, SECTION IX OR AWS D1.1.
; HALL BE VISUALL £ A
4 ALL WELDS SHA ISUALLY INSPECTED PER AWS D1.1 e : . T T TTRETIETT
5> l:f;ﬁg?\l FASTENERS (ITEMS 15 AND 18) USING TURN-OF-NUT METHOD. AFTER SNUG TIGHT, NTS | 8 8 B 8 2 HEAVY HEX NUT, 1 1/2-6 UNC-2B ASTM A563, GRADE DH
] nTs| 8 [ 8 [ 8 | 8 3 HARDENED WASHER, 1 1/2 ASTM F438, TYPE 1
6. FASTENERS (HEX BOLTS AND HEX NUTS) MAY BE REUSED ONLY IF THE NUT CAN BE NS | p T ; 7 BAR, § 43X 27510 ASTM A103, GRADE 1018
THREADED BY HAND AFTER INITIAL USAGE, OTHERWISE REPLAGE FASTENER.
NITS 1 1 5 PLATE, 3 THK X @116.0 ASTM A3B
7. ALL PLATE SURFACES SHALL BE BLAST CLEANED PER SSPC-SPB. == = = BIATE S THEX 160 X 1220 TIAE
THE LIFT POINTS SHALL BE LOAD TESTED TO 125% OF THE RATED LOAD (71 KIP X 1.25 = B8.75 NITS 1 7 PLATE. 3 THK X ®116.0 ASTM A36
KIP) FOR DURATION OF AT LEAST 10 MINUTES. THE MATERIAL ADJACENT TO THE LIFT POINT
SHALL BE VISUALLY INSPECTED TO ENSURE THERE ARE NO CRACKS OR DEFORMATION NITS 3 B ANCHOR ROD, 1 1/2X 38.0 L& ASTM AN, GRADEBZ
AFTER THE LOAD TEST. NITS 1 9 PLATE, 3 THK X $115.0 ASTM A36
THE LOAD RATING (71 KIP) FOR THE LIFT POINT ON ASSEMBLIES A2, A3, A4, AND AS SHALL BE NTS | 1 10 PLATE, 3 THK X @115.0 ASTM A36
PAINTED ON THE OUTER PERIMETER OF THE ASSEMBLY IN CLOSE PROXIMITY TO THE LIFT YT " PLATE, 1 THRX B115.0 %1210 ASTM A6
POINT-IN 34 INCH HIGH LETTERING. USE EPOXY PAINT. COLOR SHALL BE HIGH CONTRAST
WITH BASE PRIMER COAT. NITS | 18 12 PLATE, 1 THK X $115.0 ASTM A36
NITS | 4 13 ANCHOR ROD, (1 1/2 X 25.0 LG ASTM A193, GRADE B
STEEL SHIMS TO BE ADDED, AS REQUIRED, BETWEEN THE BOLTING LUGS OF ASSEMBLY A3 ¢ 1 e 1
AND ITEM 1 DURING ASSEMBLY. NITS | 4 14 PLATE, 3 THK X $115.0 ASTM A36
[T1> ITEMS MAY BE FABRICATED FROM MULTIPLE PLATES, ADJOINING WELDS SHALL BE FULL HITS 2] 8 RV BOA A ING2A XD ASTN F3128, CRADE A8
PENETRATION WELDS, UNLESS APPROVED BY THE DESIGN AUTHORITY. NITS 0 | 18 HEAVY HEX BOLT, 1 1/4-7 UNC-2A X 6 LG ASTM F3125, GRADE A325
[12> ASSEMBLIES A2, A3, A4, AND A5 MAY BE FABRIGATED BY ALTERNATE MANUFACTURING NITS 4 17 ANCHOR ROD, @11/2X33.0LG ASTM A193, GRADE B7
METHODS SUCH AS CASTING, OR THE PLATE THICKNESSES ALTERED IN THE EXISTING DESIGN NITS 16 18 PLATE, 1 THK X #1160 ASTM A36
TO ACHIEVE THE OVERALL ASSEMBLY DIMENSIONS AND WEIGHT, AS APPROVED BY THE
DESIGN AUTHORITY. NITS 4 19 ANCHOR ROD, @11/2 X285 LG ASTM A193, GRADE B7
NITS 2 20 PLATE, 2.75 THK X/89.0 X 92.5 ASTM A36
THE WEIGHTS OF THE Af, A2, A3, A4, AND A5 ASSEMBLIES MUST MEET THE LIMITS SHOWN IN
TABLE 1. THE WEIGHTS OF ASSEMBLIES A2 THROUGH A5 MAY BE ADJUSTED WITHIN THEIR NITS 1 21 PLATE, 1 THK X (080.0 X 92.0 ASTM A36
RESPECTIVE RANGES TO MEET THE WEIGHT RANGE FOR THE A1 ASSEMBLY. WEIGH AND
MARK THE A2, A3, Ad AND A5 ASSEMBLIES WITH THE DRAWING/ASSEMBLY NUMBER AND Ll 22 2 PLATE, VTHK X @/80.0 X26.0 DM AR
WEIGHT USING 1-INCH HIGH LETTERS LOCATED APPROXIMATELY AS SHOWN, NITS 1 23 PLATE, 1 THK X $116.0 X 122.0 ASTM A28
DELETED. NITS 31 24 PLATE, 1 THK X 3116.0 ASTM A36
NITS 10 25 PLATE, 1 THK X $116.0 ASTM A36

DELETED,

DELETED.

HOLES FOR FASTENERS IN ASSEMBLIES A2, A3, A4, AND A5 MAY BE MATCH DRILLED AFTER
ASSEMBLY, AS REQUIRED.

APPLY LOCTITE 2047 TO ALL FASTENERS BEFORE INSTALLATION.

19.  FOR LIFTING, A SCREW PIN SHACKLE WITH 2-1/4 PIN DIAMETER AND 52 TON WORKING LOAD
LIMIT IS ACCEPTABLE (USE SKOOKUM PART NO. 626316 OR EQUIVALENT).

INSTALL USING HYDRAULIC TENSIONER (HTI MODEL 10897 OR EQUIVALENT) WITH A
PRETENSION OF 123 KIP, ANCHOR RQDS ARE TO HAVE EXTRA INITIAL LENGTH FOR
INSTALLATION. FINAL ROD LENGTH ESTABLISHED BY CUTTING AFTER INSTALLATION.

[21°» THE WIDTH AND NUMBER OF PLATES MAY BE ADJUSTED FOR ASSEMBLY A5 IN ORDER TO
ACHIEVE THE TARGET WEIGHT OF THE OVERALL LEST LOAD ASSEMBLY. A WEIGHT
EXCEEDING THE RATED LIFTING LOAD OF 71,000 LB FOR ASSEMBLY A5 REQUIRES EVALUATION
BY THE DESIGN AUTHORITY.

TABLE 1-ASSEMBLY WEIGHT LIMITS

ASSEMBLY

MINIMUM
WEIGHT (LB)

MAXIMUM
WEIGHT (LB)

Al

420,770

435,350

AZ

63,300

67,000

A3

40,000

42,900

Ad

67,500

71,000

A5

67,000

77,100

ECN NO 3020460R0-E1

INITIAL RELEASE

DESCRIPTION

REVISION HISTORY

NAMEISIGNATURE

DATE

Orano Federal Services LLC
Packa\g’ing Projects
Federal Way, WA 98003

[22°> AFTER ASSEMBLY, SHOP PRIMER SHALL BE APPLIED TO THE EXPOSED SURFACES OF TEST . EM D5l ATHA I g | 7710 /I®  |omammie
LOAD ASSEMBLIES A2, A3, A4, AND A5 PER COATING MANUFACTURER'S INSTRUCTIONS, WITH Orano Federal Services RE S.ilen 2z | 7118 MAXIMUM TEST LOAD
THE EXCEPTION OF INSIDE SURFACES OF BOLT HOLES AND THE INDICATED SURFACES. TECHCHK| S, IKlen S22x . | 7111 /(8 ATLAS RAILCAR TEST LOADS
July 11, 2018 NA NA DFTG CHR|D. WY i | 7471 B .
NEXTABSY | FINALASSY |ORAWN | T.E. MARTIN 7018 ! y SoALE, -BHOWN lﬂ =
Records Management THIRD ANGLE PROJECTION - T e bechnia s ot REV: 1 SHEET 10OF B
UNLESS OTHERWISE SPECIFIED: 1FLACE DECIMALS £ 1 DWG [DWG NO
INTERPRET ORAWINGS & TOLERANCES PER ASME Y 14.5-2009 SIZE
{@ 'E : El' TERPRET WELD GALLOUTS PER ANSIAWS AZA D 3020460
DIMENSIONS ARE IN INCHES CADFILE: 3020460R1.SLDDRW
* | DWG-3020460-001
8 7 N 6 5 4 | 3 2 1
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APPENDIX I-6 DWG-3020461-001, MAXIMUM TEST LOAD CRADLE
8 I 7 | 6 | 5 * 4 5 ‘ BWEHE 2000461 REV Sy 1
LIST OF MATERIALS
NOTES, UNLESS OTHERWISE SPECIFIED: eo | T M| % % | W Mo PART NO DESCRIPTION SPECIFICATION
=~ Al MAXIMIM TEST LOAD CRADLE
8% 1. ALL WELDS VISUALLY INSPEGTED PER AWS D1.1. " e A CRADLE WELDMERT
2 =) 2, FABRICATION SHALL BE PERFORMED IN ACCORDANGE WITH SPECIFICATION PKG-GF-SPC-003. 2 A3 END STOP WELDMENT (LH)
Hope
@ D 3. LENGTH AND WIDTH DIMENSIONS FOR RAW MATERIAL IN THE LIST OF MATERIALS DESCRIPTION COLUMN ARE 2 Ad END STOF WELDMENT (RH)
2 FOR REFERENCE ONLY, WITH THE EXCEPTION OF THE STOCK PLATE ITEMS 7, 8, 11 & 17. MANFUFACTURER SHALL 2 A5 TIE DOWN WELDMENT
2 CONFIRM ACTUAL REQUIREMENTS PRIOR TO FABRICATION.
4, ALL SURFACES OF THE CRADLE WELDMENT, EXCEPT FOR THREADED HOLES AND THE 4.13 DIAMETER
HOLES, SHALL BE BLAST CLEANED PER SSPC-SP-6 AND COATED WITH SELF-PRIMING ENAMEL, 2 COATS. i : : Al0dAS 1 SHES AN DN 2RO L MEMASTER CARR
THE NON-PAINTED CRADLE WELDMENT SURFAGES SHALL BE LIGHTLY COATED WITH NUCLEAR GRADE NITS 4 2 28119A112 WASHER, 1-3/4 NOM McMASTER-CARR
HEVER-SEEZ" BREASE. NITS 4 3 91845A044 HEX NUT, 1-3/4-5 UNC-2B McMASTER-CARR
[5_> STRAIGHTEN AND OR MACHINE BEAM TO ACHIEVE DIMENSIONS SHOWN. REMOVE NO MORE THAN .19 INCHES NITS 1 1 4 PLATE, 2 THK X 62.0 X 116.0 ASTM A572, GR 50
FROM ANY SURFACES. THE BEAM MAY BE OPTIONALLY FABRICATED FROM PLATES OF EQUAL THICKNESS AND CF
EQUAL OR GREATER YIELD STRENGTH. FABRICATED BEAMS SHALL UTILIZE FULL PENETRANT WELDS. NITS 1 1 5 PLATE, 2 THK X 83.0 X 88.25 ASTM A572, GR 50
NITS 1 1 6 PLATE, 2 THK X 83.0 X 112.0 ASTM A572, GR 50
[(6_> OVERALL CAMBER IN BEAM AFTER WELDING SHALL BE LIMITED FROM .0 TQ 13 INCHES.
NITS 4 4 7 PLATE, 2 X 3.25 X 64 ASTM A572, GR 50
7. PRIOR TO TESTING, INSTALL SHIMS BETWEEN END STOPS AND CENTRAL ASSEMBLY END PLATES TO CLOSE GAP. =y " j . PLATE, 1 THK X 23.25 X 30.6 ASTM AS7Z, GR 50
USE SLOTTED HOLES AT THE LOCATIONS SHOWN AND INSTALL ENDLESS STRAPS FOR LIFTING END STOP NITS 4 4 9 PLATE, 1.25 THK X 12.0 X 64.0 ASTM A572, GR 50
WELDMERFAISEMBLICR A3 6N 0A, NITS 1 1 10 PLATE, 2 THK X 4.0 X 111.75 ASTM A572, GR 50
[[8_> VERIFY ALIGNMENT BY INSERTING A 4.06 DIA ROUND BAR EXTENDING THRU BOTH BEAMS OR END STOP (5> NiTs 2 11 BEAM W1BX119 X 137 LG ASTM Ag92
c WELDMENT, AS APPLICABLE.
NITS 8 12 PLATE, 1.0 THK X 16,9 X 24.5 ASTM A572, GR 50
10.  MAXIMUM TEST LOAD CRADLE BASED ON HI-STAR 190XL CONCEPTUAL DRAWING, 3015137-001, NITS 4 13 PLATE, 1 THK X 52.5 X 116.0 ASTM A572, GR 50
11. FOR REFERANCE OF CRADLE ATTACHMENT SEE DRAWING 3015278-002. NITS 4 14 PLATE, 1 THK X 12.9 X 12.0 ASTM A572, GR 50
NITS 2 15 PLATE, 1 THK X 120 X 125
12, WELDING SHALL BE PERFORMED IN ACCORDANCE WITH AWS D1.1. GHIMRGTE A O
NITS 4 18 PLATE, .50 THK X 10.0 X 20.3 ASTM A572, GR 50
THE WEIGHTS OF THE A2, A%, A, AND A5 ASSEMBLIES MUST MEET THE LIMITS SHOWN IN TABLE 1. TS 3 7 AARAD %28 REaT e
ADDITIONAL MATERIAL MAY BE ADDED TO THE A2 ASSEMBLY TO MEET THE WEIGHT REQUIREMENTS OF TABLE 1. NITS 4 18 PLATE, .50 THK X 10.0 X 21.5 ASTM A572, GR 50
0 APPROVAL IS REQUIRED FOR ALL M ;
—p ORAND APPROVAL IS REQUIRED FOR ALL MATERIAL ADDITIONS = T 7 S ATE, SRR R R RI0D AT ARTZ SR
[A5_> WEIGH AND STENCIL THE CORRESPONDING COMBINED WEIGHT OF THE A2 AND BOTH A5 ASSEMELIES USING 1" NITS | 1 20 PLATE, 1 THK X 12.0 X 193.5 ASTM A572, GR 50
HIGH LETTERS IN THE APPROXIMATE AREA AS SHOWN BELOW:
ORANO DWG 3020461 NTS | 2 21 BAR, 4.0 X4.3 X 12.0 ASTM A572, GR 50
CENTRAL CRADLE ASSEMBLY
WEIGHT: XX XXX LBS
WHERE XX, XXX IS THE CORRESPONDING ASSEMBLY WEIGHT. LE L ASEEELT NS EINGS
WEIGH AND STENGIL THE CORRESPONDING COMBINED WEIGHT OF THE A3 ASSEMBLY USING 1" HIGH LETTERS IN NRSEREEY MINIMUM MAXIMUM
THE APPROXIMATE AREA AS SHOWN BELOW: WEIGHT (LB) ‘WEIGHT (LB)
B ORANO DWG 3020461 A3 ASSEMBLY A2 12,380 13,580
WEIGHT; XX XXX L0S
WHERE ¥¥, XY 15 THE CORRESFUNDING ASSEMBLY WEIGHT, A3 10,000 11,000
Ad 10,000 11,000
WEIGH AND STENCIL THE CORRESPONDING COMBINED WEIGHT OF THE A4 ASSEMBLY USING 1" HIGH LETTERS IN A5 630 700
THE APPROXIMATE AREA AS SHOWN BELOW:
ORANO DWG 3020461 A4 ASSEMBLY D O TS 13,840 14,880
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APPENDIX |-7 DWG-3020935-001. CENTRAL ASSEMBLY

8 I 7 I 6 5 v 4 3 l PRETS 3020935 Fa 7 | 1
— n
e LIST OF MATERIALS
oLy ary QaTy aTy aTry
s/D ITEM NO PART NO DESCRIPTION
28 NOTES, UNLESS OTHERWISE SPECIFIED: SR (B, S B BE 9L 1L SPECEIEATI
a5 A CENTRAL ASSEMBLY
g 1. FABRICATE IN ACCORDANGE WITH SPECIFICATION PKG-GF-SPC-003,
{ 1 a2 CENTRAL BEAM WELDMENT
2 2. MATERIAL SIZES LISTED IN THE DESCRIPTION COLUMN ARE FOR REFERENGE ONLY, MANUFACTURER 1 A3 BUNDLE ASSEMBLY
= SHALL CONFIRM ACTUAL REQUIREMENTS PRIOR TQ FABRICATION,
D 2 Ad SADDLE BUNDLE ASSEMBLY D
3. WELDING PROCEDURES AND WELDING PERSONNEL SHALL BE QUALIFIED IN ACCORDANCE WITH
ASME B&PV CODE, SEGTION IX OR AWS D11,
NITS |1 1 PLATE, 3 THK X ©91.5 ASTM A3
4. ALLWELDS SHALL BE VISUALLY INSPEGTED PER AWS D1.1. o 3 5 FLATE STHbE AT R R B AsTV A
5. ALL PLATE SURFACES SHALL BE BLAST GLEANED PER SSPC-SPS. NITS 1 3 PLATE, 3 THK X 57.5 X 338.0 ASTM A36
APPLY LOCTITE 2047 TO FASTENERS BEFORE INSTALLATION. NITS 2 4 PLATE, 3 THK X 44.0 X 56.0 ASTM A36
NITS 12 1 PLATE, 2 THK X 22.5 X 48.0 ASTM A36]
INDICATED ITEM MAY BE MACHINED AS REQUIRED TO ACHIEVE ASSEMBLED DIMENSION,
— NITS 2 6 PLATE, 3 THK X ©94.0 ASTM AZ6l—
ALTERNATE ANCHOR ROD MATERIAL SHALL HAVE A MINIMUM YIELD STRENGTH OF 105 KSI OR GREATER. NITS P 2 SATE I TR R B ST
[9°> SLOT WIDTH OF ITEMS 1, 6, 7,11 AND 12 SHALL BE ADJUSTED AS REQUIRED TO ENSURE PROPER EIT NITS 4 8 ANCHOR ROD, @1.5 X 28.0 LG ASTM A193, GRADE 87,
WITL ASEEMBLY AZ; NITS 8 9 HEAV'Y HEX NUT, 1 1/2-6 UNC ASTM A563, GRADE DH|
10. ITEM 11 MAY BE FABRICATED FROM MULTIPLE PLATE AS REQUIRED USING A FULL PENETRATION WELDS. NITS | 4 10 ANCHOR ROD, @1.5 X 15.0 LG ASTM A193, GRADE B7]
11. FASTENERS MAY BE REUSED ONLY IF THE NUT CAN BE THREADED BY HAND AFTER INITIAL USAGE, LaLEH S H PLATE, 3 THK X £116.0 ASTM A3
QTHERWISE, REPLACE FASTENER. NITS | 10 12 PLATE, 1 THK X @91.5 ASTM A38|
c [12_> INDICATED AREA IS TO BE PAINTED ON BOTH SIDES OF ASSEMBLY USING COMPATIBLE EPOXY PAINT, NS | 8 8 13 HARDENED WASHER. 1 1/2 ASTM F436, TYPE 1| C
COLOR: YELLOW. APPLY 1 INGH HIGH LETTERING OVER PAINTED AREA ON BOTH SIDES: "LIFT HERE ONLY" NS = P BAR. D3X 8.0 LG S TRAAE
COLOR SHALL BE HIGH GONTRAST WITH BASE PAINT COLOR.
INSTALL USING HYDRAULIC TENSIONER (HTI MODEL 10897 OR EQUIVALENT) WITH A PRETENSION OF 123 KIP.
ANCHOR RODS ARE TO HAVE EXTRA INITIAL LENGTH FOR INSTALLATION. FINAL ROD LENGTH ESTABLISHED
BY CUTTING AFTER INSTALLATION.
TABLE 1-ASSEMBLY WEIGHT LIMITS
ASSEMBLIES A3 AND A4 MAY BY FABRICATED BY ALTERNATE MANUFAGTURING METHODS SUCH AS CASTING,
OR THE PLATE THICKNESS ALTERED IN THE EXISTING DESIGN TO ACHIEVE THE OVERALL ASSEMBLY WEIGHT ASSEMBLY weiar ey W,
B AND DIMENSIONS, AS APPROVED BY THE DESIGN AUTHORITY. g
A1 132,900 141,100
FIT OF ITEM 14 INTO ITEMS 2 AND 3 1S AN RC8 LOOSE RUNNING FIT. PLATES MAY BE MACHINED OR MATGH 2 35.900 38100
DRILLED TO ACCOMMODATE FiT.
A3 44,600 47,400
{6 AFTER ASSEMBLY, SHOP PRIMER SHALL BE APPLIED TO THE EXPOSED SURFACES OF ASSEMBLIES A2, A3, A4 26,200 27,800
AND A4 PER COATING MANUFAGTURER'S INSTRUCTIONS, WITH THE EXCEPTION OF INSIDE SURFACES OF
BOLT HOLES AND THE INDICATED SURFACES.
THE WEIGHTS OF THE A1, A2, A3, AND A4 ASSEMBLIES MUST MEET THE LIMITS SHOWN IN TABLE 1. WEIGH THE
A2, A3, AND A4 ASSEMBLIES AND MARK EACH WITH THE DRAWING/ASSEMBLY NUMBER AND WEIGHT ON AN
B EXTERIOR FLAT SURFACE IN 1-INCH HIGH LETTERS, B
STENCIL THE CORRESPONDING WEIGHT OF THE A1 ASSEMBLY USING 1" HIGH LETTERS IN THE APPROXIMATE
INDICATED AREA AS SHOWN BELOW: x
ORANO DWG 3020935 A1 ASSENBLY Orano Federal Services
WEIGHT: XXX XXX LES
WHERE XXX, XXX IS THE CORRESPONDING ASSEMBLY WEIGHT. July 11, 2018
Records Management
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