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Revision History

Rev. Changes

000 Initial issue

001 Revised to update railcar to 12 axle design.
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003 Revised project background for editonal changes. Revision bars left from revision 2 for clanty.
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1.0 PURPOSE
1.1 Project Background
mwmw&mm&mmum&m;mm

Mh@hﬂmﬂm,mmﬂhamwdmmmm
management system With thas project the DOE will provide for the transportation of SNF and HLW by means of
a specific railcar (named by the DOE as the Atlas railcar) to carry SNF and HLW casks.

As part of this project, DOE has contracted with AREVA Federal Services (AFS) to design the Atlas railcar
mchding standardized attachment components (railcar te-down mterface), and transport package conceptual
cradle designs for the 17 SNF transportation casks (herein referred to as “packages™) histed in Attachment A of
the Statement of Work (SOW) [1].

The DOE Atlas railcar (and by extension to subsystems, the package cradles) must be designed and bult to satisfy
the requirements of Associahon of Amencan Ralroads (AAR) Standard S-2043 [2] and the AFS Design Basis
Requirements Document (DBRD) [3]. Apphication of this standard to the conceptual design analyses 1s described
m Section 2 0. The standardized attachment components are part of the railcar and must also meet the AAR
S-2043 requirements.
AFS has chosen to divide the 17 packages into 4 famihes based on the package tie-down methods. The packages
contained m each of these four fanmhes are histed below:

Family 1 TN-32B, TN-40, TN-40HT, HI-STAR 60, HI-STAR 100, HI-STAR 100HB (also referred to as

HI-STAR HB), HI-STAR 180, HI-STAR 190 SL and the HI-STAR 190 XL.

Family 2 MAGNATRAN® NAC-STC™ NAC-UMS UTC™, and the TN-68.
Family 3 MP-197, MP-197HB, and the TS125.
Family 4 MP-187.

The empty Atlas railcar will require a ballast load to meet the requirements of AAR Standard 5-2043. The ballast
load conceptual design is a separate payload from the cask/cradles and must be considered in the attachment
design.

1.2 Calculation Purpose
Thas calculation contams the structural evaluation of the Atlas Ralcar standardized attachment components. This
calculation also calculates the combined center of gravity (cg) and weight for the railcar, cradles and packages.

13 Atlas Railcar Standardized Attachment Components

The Atlas Railcar Standardized Attachment Components are depicted in AFS Drawing DWG-3015278 [4] and are
shown mn Figure 1-1 below. There are four center pin attachment blocks welded to the railcar that are used for
cradle designs m families 1 through 4. The cradles are secured laterally and vertically using four attachment pins
mserted through the center pm attachment blocks. Longitudinal restramt for cradle famihes 2 through 4 15
provided by shear blocks welded to the railcar. Famuly 1 cradles are restrained longitudinally by end stop
assembhes attached to the railcar using the outer eight attachment blocks, each of whuch has two pn locations.
The end stop assemblies are pinned in place.
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Figure 1-1: Atlas Railcar Standardized Attachment Components

2.0 METHODOLOGY

The conceptual design of each cradle and ballast load was evaluated to determine the tie-down loads applied to
the railcar via the standardized attachment components. Each cradle or ballast load 1s requured to support the
7.5g/2g/2g tie-down loads taken individually per Section 2.2.2.13 of the DBRD [3]. The bounding loads from the
17 package designs and associated conceptual cradle designs and the ballast load conceptual design are applied to
the standardized attachment components and the bounding loads are shown m Section 4.0.

Thas calculahion uses manual calculations to evaluate the standardized attachment components including the pin
attachment blocks, the shear blocks and the attachment pms shown m AFS drawing DWG-3015278 [4].

Matenal properties are taken at 100 °F per the DBRD [3].

The combmed cg and weight of the railcar and load 15 determuned using the package weights and vertical cg
locations, calculated weights and vertical cg locations of the conceptual cradle designs, calculated weight and
vertical cg location of the conceptual ballast design and the railcar deck height and railcar vertical cg location
prowvided by KASGRO [27].

The fahgue capabihity of the design wall be explored to provide reasonable assurance that the attachment
components will support the fatigue loads of Chapter 7 of M-1001 [28] for the design hife of the railcar. The
fatigue analy=is of the railcar should cover the weld details between the attachment components and the railcar.

21 Acceptance Criteria

Stresses for the attachment components shall be compared to the allowable stresses. The allowable stress for the
standardized attachment components 1s yield strength for tensile and compressive stresses per Section 2.2.2.13 of
[3], and 0.6 of yield stress for shear stresses. Where necessary, stresses will be combined to determine the von
Mises stress per equation 6-18 of [7] shown below and compared to the allowable tensile stress.

By = 'a,z + 31',-,2

Per Section 2.2.1.1 of [3], the cask car and buffer car must comply with the AAR’s Mamual of Standards and
Recommended Practices which ncludes M-1001 [28]. Per Section 2.1.3 of M-1001, the combmed cg of a fully
loaded car must be less than 98 mches. The combined weight of the railcar, cradle and loaded cask or railcar and
ballast load must be less than 65,750 pounds per axle (789,000 pound loaded car limt) per AFS-IN-16-0039 [6].
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The attachment components must allow for impact lmiter removal for all 17 of the packages hsted m Attachment
A of the SOW[1]

2.2 Margin of Safety

A margm of safety is used to indicate the degree of confidence in the allowable loads and stresses. For acceptance
the margin of safety must be greater or equal to zero. The margin of safety (MS) of component stresses 15
calculated as:

m_n.ﬂcrwable:itmss i
~  Actual Stress 2

Additional design confidence and increased conservatism 1s provided from 10% increase in load discussed in
Section 4.1. All calculated margins of safety greater than or equal to zero include this addifional factor.

3.0 ASSUMPTIONS

31 Unverified Inputs/Assumptions
None.

3.2 Justified Assumptions

None.

4.0 DESIGN INPUTS

41 Transportation Package Design Inputs

Design inputs for the tie-down loading are taken from the following calculations:
Atlas Ranlcar Famuly 1 Conceptual Cradle Structural Calculation [10]
Atlas Railcar Famuly 2 Conceptual Cradle Structural Calculation [11]
Atlas Railcar Family 3 Conceptual Cradle Structural Calculation [12]
Atlas Railcar Family 4 Conceptual Cradle Structural Calculation [13]
Atlas Railcar Conceptual Ballast Load Structural Calculation [17]

Th:hg-&ownlnﬂmgforachczi family were taken from the above calculations and compiled to list the
maxmmm loading value at each attachment pomt as shown m Table 4-1. P locations are shown in Figure 4-1.

Yo

'. % g

'!. I ].

'il L-l'} ]T =l |

! '] ﬁ 1 mﬂ’
% { v

Figure 4-1: Atlas Railcar Pin Location Nomenclature
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Table 4-1: Initial Tie-Down Loading Inputs (kips)
Pin Location 1™ Pin Location2™ Pin Location 3'" Pin Location 4"
vertical (+2) 664 664 664 664
vertical (-z) 664 664 664 664
lateral (y)™ 555 555 555 555
Shear Block™
axial (x) 2,655
Pin Location 58® | Pin Location 9-12®' | Pin Location 13-16® | Pin Location 17-20®
Axial (+x) 0 858 207 0
Axial (-x) 0 207 858 0
vertical (+z) 107 979 979 107
vertical (-z) 979 107 107 979
lateral (y) 132 132 132 132
Notes:

1. The bounding vertical and axial (longitudinal) loads are from the MAGNATRAN
package per Table 6-1 of [11]. The bounding lateral load 1s from Table 2.2 of HI-
STAR 190 XL [10].

The bounding vertical load 15 calculated based on the following assumptions: 1) the
Famuly 1 casks are assumed to be restrained without motion by the end stop
assembhies and impact Limuter and shims (if required) are assumed to be ngid under
the securement tie-down loads (7.5 g). 2) if crush of the impact homter could occur
under load, the cask vendor will need to add a shear key and address other features
of the cradle that may be affected by the new load path. The vendor will also need
to ensure that all SAR requirements are met 3) shims (if required) are assumed to
be ngd and captured.

2. The bounding loads for Pin locations 5-20 are taken from Table 2.2 of [10] or
Table 6-1 of [17].

3. The maximmm lateral load 1s from the HI-STAR 190 XL package per [10].

Conservatively, the lateral loading 15 assumed to result in a combined loading

at one pin location. The maximmum vertical load from any lateral load case 1s

283.6 kaps from Table 2.2 of [10].
The standardized attachment components will be fabricated and attached to the Aflas railcar. These
attachment points must accommeodate both the conceptual and the final cradle designs for all 17
packages histed in the SOW. The conceptual cradle designs are not final and some small changes are
anticipated in the final cradle design (to be performed at a later date). Therefore, an additional factor of
1.1 was added to the loadings to provide increased conservatism in the attachment component design.
Final tie-down loadmg mputs are shown m Table 4-2.
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Table 4-2: Final Tie-Down Loading Inputs (kips)

Pin Location 1 Pin Location 2 Pin Location 3 Pin Location 4
vertical (+2) 730 730 730 730
vertical (-z) 730 730 - i
lateral (y)"” 611 611 611 611
Shear Block
axial (x) 2,921

Pin Location 5-8 | Pin Location 9-12 | Pin Location 13-16 | Pin Location 17-20

Axial (+x) 0 944 228 0
Axial (-x) 0 228 944 0
vertical (+2) 118 1,077 1,077 118
vertical (-z) 1077 118 118 1,077
lateral (y) 145 145 145 145

Notes: 1. The adjusted maximum vertical load to be combined with the lateral load in the
lateral load case 15 283.6(1.1) =312 kips

To calculate the combimed weight and center of gravity location, the maximmm (loaded) cask weight, cask vertical
cg location, minimum cradle weight, cradle verical cg location as well as the railcar weight, deck height (when
loaded) and railcar vertical cg location are required. The cask weights and cg locations are shown m Table 4-3.
Cradle design inputs are shown in Table 4-4.
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Table 4-3: Cask Design Inputs
Cask Family Maximum Minimum Cask Vertical cg Reference
(Loaded) Cask | (Empty) Cask | from railcar deck,
Weight, Ib Weight, Ib" in'®
NAC-STC 2 254,589 188,767 67.50+0.5=68.00 | Table B-2 of[11]
NAC-UMS UTC 2 255,022 178,798 67.50+0.5=68.00 | Table B-2 of[11]
MAGNATRAN 2 312,000 208,000 67.50+0.5=68.00 | Table B-2 of[11]
HI-STAR 100 1 279,893 179,710 66.00+05=6650 | Tabled.1of[10]
HI-STAR 100HB 1 187,200 - 66.00+05=6650 | Tabled.10of[10]
HI-STAR 180 1 308,647 <308,647 64.50+0.5=65.00 | Table4.10of[10]
HI-STAR 60 1 164,000 <164,000 59.63+0.5=60.13 Table 4.1 of [10]
HI-STAR 150 SL 1 382,746 282,746 64.50+0.5=65.00 | Table4.10f[10]
HI-STAR 190 XL 1 420,769" 304,369 64.50+0.5=65.00 | Table4.10f[10]
MP187 3 271,300 150,200 645405 =65.00 Table 4.1 of [13]
MP197 3 265,100 176,710 62.00+0.5=62.50 | Table 5.3-1 of [12]
MP1S7HB 3 303,600 179,000 64.00+0.5=64.50 | Table 5.3-1of [12]
TN-32B 1 263,000 - 725+05=73.00 Table 4.1 of [10]
TN-40 1 271,500 - 725+05=73.00 Table 4.1 of [10]
TN4OHT 1 242,343 . 725+05=73.00 Table 4.1 of [10]
TN-68 2 272,000 <272,000 77.50+0.5=78.00 | Table B4 of[11]
T5125 3 285,000 196,118 72.80+0.5=73.30 | Table 5.3-1 of [12]
Notes:

1. The empty cask weights are taken from the DOE SOW Attachment A [1].

2. The cgis increased by 0.5 inches due to the standardized attachment
components shim plate.

3. The maxmum weight for the HI-STAR 190 XL cask 1s from AFS-RFI-0015 [5].
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Table 4-4: Cradle Design Inputs
Cask Family Nominal Cradle Vertical cg Reference
Cradle from railcar deck,
Weight, Ib in'"

NAC-STC 2 42,000 27405=275 Table B-1 of [11]
NAC-UMS UTC 2 42,000 27405=275 Table B-1 of [11]
MAGNATRAN 2 42,000 27405=275 Table B-1 of [11]
HI-STAR 100 1 67,091" 445+05=450 Tabie 6.1 of [10]
HI-STAR 100HB 1 73,1829 57.2+05=577 Table 6.1 of [10]

HI-STAR 180 1 58,273" 54 4+05=549 Table 6.1 of [10]
HI-STAR 60 1 83,7279 60.1+0.5 = 60.6 Table 6.1 of [10]
HI-STAR 190 SL 1 55,909 520405 =525 Table 6.1 of [10]
HI-STAR 190 XL 1 53,6367 516+05=52.1 Table 6.1 of [10]

MP187 4 32,500 285+05=29.0 Table 4-1 of [13]

MP157 3 26,000 17+05=175 Table 5.3-1 of [12]

MP197HB 3 26,000 175+05=180 Table 5.3-1 of [12]

TN-328B 1 74,000” 488+05=493 Table 6.1 of [10]

TN-30 1 75,0917 47.0+05 =475 Table 6.1 of [10]
TN4OHT 1 75,091% 47.0+05=475 Table 6.1 of [10]
TN-68 2 27,000 26+05=265 Table B-3 of [11]
TS125 3 30,000 245+05=250 Table 5.3-1 of [12]
Notes: 1. mq;mwo-smmmumdmw
shim p!

2.  The central cradle weight 15 added to the end stop weight to calculate to total
nomunal cradle weight. Values are scaled from maximum

42 Material Properties

The matenial properties histed in Table 4-5 are used in the design. The yield and ultimate strengths are the
minimum values found m the ASTM standards [14] and [15]. Matenal density 15 from ASME B&PV Code
Section II, Part D Table PRD [16]. The structure 1s primanly ASTM A572, Grade 50, high-strength low-alloy
columbium-vanadium structural steel. Matenal properties at 100 °F are used. The attachment pins are constructed
from ASTM A564, Type 630, Condition H1025, hot-rolled and cold-fimshed age-hardening stamnless steel.

Table 4-5: Material Properties

Yield Stress | Ultimate Stress
Material (ksi) (ksi)
ASTM A572, Grade 50 50 65
ASTM AS64, Type 630, Condition H1025 145 155
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5.0 CALCULATIONS

51 Allowable Stresses

The allowable minimum yield strength and ultimate strength of ASTM AS572, Grade 50 15 50 ksi and 65 ka1
respectively [14]. The mimmum yield and ultimate stress for ASTM A564, Type 630, Condition H1025 is 145
ksi and 155 kei respectively [15].

The tie-down loading stresses for the 7.5/2/2¢ load cases are compared directly agamst yield strength. The pin
attachment blocks and shear blocks are ASTM AS572, Grade 50. The attachment pins are ASTM A564, Type 630,
Condition H1025. The allowable stresses are:

Attachment Block/Shear Block allowable stress: Sar =Sy = 50ksi

Attachment Block/Shear Block allowable shear stress:  S,¢ = 0.65, = 30 ksi

Attachment Pin allowable stress: Sases = Sy = 145 ksi
5.2 Standardized Attachment Components

The following components are evaluated to determuine the adequacy of the attachment component design-
®  Center Pin Attachment Blocks
®  Shear Blocks
*  QOuter Pm Attachment Blocks
* Attachment Pins
5.21 Center Pin Attachment Blocks
The center pin attachment blocks (Item 7 and 8 of [4]) are shown m Figure 5-1 and are used to secure the cradles

to the railcar. The pm blocks are subjected to lateral and vertical tie-down loads. Using the bounding loads from
Table 4-2 the tie-down loading 15:

Center pin block (CPB) lateral tie-down load, Fopg 1= 611 kip and the vertical load from lateral tie-down load,
Fers_ e = 312 kip (load is shared by two blocks, Item 7 and 8 of [4]) is taken from Section 4.1 (Note 1 following
Table 4-2).

Center pin block vertical tie-down load, Fpg , = 730 kips (load is shared by two blocks, Item 7 and 8 of [4]).

As shown m Section 5.2.7, the load on the attachment pm which 15 apphed to the center pin attachment blocks is
not shared equally. The load can be offset in either direction. The maximum load distnbution 1s 379.5/730 = 52.
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Figure 5-1: Center Pin Attachment Block

Center Pin Attachment Blocks - Vertical Load
The center pin attachment blocks are subjected to tension loading, shear tear-out, and bearing from the vertical
tie-down load.
Tenale loadins
The munimum fensile area is located at the hole center and 1s:
A = (12.00 — 5.37)(3.62) = 24.0 in?

where the block length 15 12.00 inches, the slotted hole length is 5.37 inches and the block thickness 15 3.75-0.13
= 3.62 mches (maxamum stainless steel facing of 0.13 mches allowed per flag note 8 of [4] 1s conservatively
neglected) at the hole per the drawing dimensions [4]. The tensile stress 1s:

Fepg »  730(.52)

T T = 15.8 ksi

From Section 5.1, the allowable tensile stress, S,; = 50 ksi. The margin of safety 1s:

50
MS = ———1 = +2.16
158

Shear tear-out

The pm block is subjected to shear-tear out from vertical loading. The shear tear-out area is conservatively
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4.37
A=(2) (16.0 —-10.0 —T) (3.62) = 27.6 in®

where the height of the pin block chamfer 15 16.0 mnches, the height of the slotted hole 15 10.0 inches, the slot
diameter 15 4. 37 mches and the thickness of the block 1s 3.62 inches (see discussion above) per the drawing
dimensions [4]. Conservatively, this neglects the matenal at less than the full 3.75 inch thickness. The shear tear-
out stress 1s:

From Section 5.1, the allowable shear stress, 5,5 = 30 ksi. The margin of safety is:

MS = 3 -1=+117
_m = .

Beannz sfress
The pm attachment block features a slotted hole that interfaces wath the round attachment pin. However, there is
no normal loading condition that wall exceed the weight of the cask and cradle to load the pm and attachment
block. Therefore, beanng is not a concern for normal loading. The tie-down loading wall load the pm; however
beanng is not considered a fathure and wall not be evaluated here.
Center Pin Attachment Blocks - Lateral Load

The center pm attachment blocks are subjected to shear and bending from the lateral load. There 15 also combmed
stress from the vertical load created from the lateral load moment The pm attachment blocks support the lateral
load at their base. The blocks have a 4.00 inch thick boss that extends 2 inches up the 18 inch high block. This
boss face with the opposite pmn block boss face create the 11.75 inch opening for cradle I-beam insertion. The
lateral load results m a shear stress at the base of the block as well as a bending stress from the 2 inch hugh contact
region The moment i1s apphed at the center of the contact or 1.25 mches (2.0 contact rezion and 0.5 inch hugh
pad on railcar deck (2-0.5)2+0.5 = 1.25 mches) from the railcar deck. Due to the moment and resisting load
created by the lateral load being applied at the package cg, there 1s also a vertical load on the pin block. The
tensile load 15 added to the bending stress and then combined with the shear stress to determune the combined
stress. The combimed tension and shear is also checked at the hole location.

The center pin block (CPB) lateral load, Fpg =611 kip

The CPB vertical load from lateral tie-down load. Fees v = 312 kip (load is shared by two blocks) is taken from
Section 4.1.

At Block base
The pm block 15 subjected to shear, bending and tension at the base. The base cross-sechion area 1s:
A =(12.00)(3.87) = 46.4 in?

where the width of the attachment block is 12.00 inches, and the thickness of the block at the base 15 4.00-0.13 =
387 mches (maamum stammless streel facing of 0.13 inches allowed per flag note 8 of [4] 15 conservatively
neglected) per [4]. The moment of inertia at the base 1s:

1= %(1::1.00)(3.37)3 = 58.0in’
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The tensile stress is:
_ Fern,,, (52)  312(52) A
e =350 ksi
The shear stress 1s:
F,
yorcragar 611 ks
A 464
The bending moment 15:
M = (Fcpay,)(1.25) = (611)(1.25) = 764 in — kip
The bending stress 15:
y  764(5)
&= ’ —53— =263 ksi

where the overall thickness is conservatively used. The combmed stress 1s:
oy = (o +0p)? + 372 = (3.50 + 26.3)% + 3(13.2)% = 37.6 ksi

From Section 5.1, the allowable tensile stress, S,; = 50 ksi. The margin of safety 1s:

50
M5 = =————1 = +0.33
37.6

5.2.2 Center Pin Attachment Block Welds
The weld connection to the railcar deck will be specified by KASGRO Rail. The transportation loads applied to
the center pin attachment blocks are histed below. The weld is loaded separately from the vertical and lateral fie-
down loadmg with the lateral loading producing a combined load.
The vertical load shown below 15 apphied separately at the pin hole:

Pin hole, center pin block (CPB) vertical load, Fepg , = 730 kups (load 1s shared by two blocks)
The vertical and lateral loads shown below are applied simultaneously at the pin hole:

Pin hole, center pin block lateral load, Fors e =611 kip

Pin hole, vertical load from lateral tie-down load, Fpg i = 312 kip (load is shared by two blocks)

523 Shear Blocks

The shear blocks (Item 9 of [4]) are shown m Figure 5-2 and are used to react the axial tie-down loads from the
cradles. The shear blocks are subjected to the longitudinal load only. Using the bounding loads from Table 4-2,
the loading 1s:

Shear block (SB) longitudinal load, Fss we = 2,921 kap
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Figure 5-2: Shear Blocks

The shear blocks are subjected to shear from the longitudinal load. The shear area 1s:
A = (90.00)(21.00) = 1,890 in?
where the shear block wadth 1s 90.00 mches and the shear block length 1= 21 00 inches per the drawing dimensions
[4] The shear stress 1s:
,=Tinsmg 2521
A
From Section 5.1, the allowable shear stress, Sus =30 ksi. The margm of safety 1s:

= 1.55 ksi

MS ho 1=+18.4
T 155 -

5.24 Shear Blocks Weld
The weld connection to the railcar deck will be specified by KASGRO Rail The transportation loads apphied to
the shear block are listed below.
The weld is loaded from the longitudinal tie-down loading

Shear block longitudinal load, Fsp e = 2,921 kips

525 Outer Pin Attachment Blocks

The outer pmn attachment blocks are used to secure the end stops to the rallcar. The longitudinal tie-down load
apphes a combimned longitudinal and vertical load (at P9-P12 and P13-P16) and a vertical load (at P5-P8 and P17-
P20) to the outer pin blocks. See Figure 4-1 for pm locations and Figure 5-4 and Figure 5-5 for loadmg. The outer
pin blocks are also loaded separately by the lateral and vertical he-down loads. These loads are very small as the
outer attachment blocks only restrain the end stop structure weight or ballast weight in these directions. The
lateral and verhical ie-down loads are bounded by the loads apphied at the center pm attachment blocks. The
center pin attachment blocks are subjected to much higher loads and have a much shorter length
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Figure 5-3: Outer Pin Attachment Block Nomenclature

Enel Srop Assembly
Longiudmal Tre-dosen load
- —_—

Tnhaarl ouler pin - Outhoard ouwder pin
e

Figure 5-4: Outer Pin Attachment Block Tie-down Loading

Outer Pin Attachment Blocks —Loading

These loads are applied simultaneously. Using the bounding loads from Table 4-2, the loading is:
Inboard outer pin (IOPB) longitudinal load, Fiors ey = 944 kip

Inboard outer pin (FOPB) vertical (+) load, Fyops , = 1,077 kip

Outboard outer pin (OOPB) vertical (-) load, Foors v = 1,077 kip

The combined load at the inboard pin location is:

Fiops c = 9442 + 1,077 = 1,432 kip
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Figure 5-5: Outer Pin Attachment Block Loading

The outer pin attachment blocks (See Figure 5-9) are subjected to tension loading shear tear-out, and bending
from the combined longitudinal and vertical loads.

Tension

The mminmm tensile area 1s perpendicular to the hine of action of the force as shown m Figure 5-6 below.

'
I

- |
I

|

L3

~
Tensile arca planc

Figure 5-6: Tensile Area
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combined force are
1,077
g =zrmn(m) =48.8°
a=90—0=412°

To calculate the edge distance, L, the chamfer line 15 extended down to the height of the pin hole to form the
tnangle shown m Figure 5-7 below.

Chamfer

13" 1.0

Figure 5-7: Chamfer Distance

The distance d 15 calculated as:
d = 1.0tan(15) =.268 in

The tnangle formed by the intersection of the pm hole, extended chamfer line and distance L 15 shown in
Figure 5-8 below.

af(

hs
8.0+d

Figure 5-8: Tensile Area Geometry
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The angles § and £ can be calculated as:
B =90 —15 = 75°
£=180—75—41.2 = 63.8°
The distance L can then be calculated using the law of sines
_ sin(B)(8.0 +d) _ sin(75)(8.0 +.268)
sin(e) sin(63.8)

=890 in
The tensile area 15
A=2(2) (a.so —ﬂ) (3.87) = 103.9in?
2

where the block leg thickness 15 4.0-.13 = 3.87 inches (maximmum stamnless steel facing of (.13 mches allowed per
flag note 8 of [4] 15 conservatively neglected), and there are two block legs per the drawing dimensions [4]. The
tensile stress 1s:

- Fiopp ¢ _ 1432

A 103.9
From Section 5.1, the allowable tensile stress, S 7 = 50 ksi. The margin of safety 1s:

= 13.8 ksi

50
MS = m——1 = +2.62
13.8

3 L
o e W
- o
T - P
sy o
— e —— ’
v " 2.
1 ¢ " -y
f - . 5 — — —— — — \
e T 3 & G '
Lo - —— = L]
I € T
4 = — — - !
1 T r— ;
h S - )

Figure 5-9: Outer Pin Attachment Block

The pm block 15 subjected to shear-tear out from combined loading at the mboard hole location. The shear tear-
out area 1s conservatively calculated using twice the straight hme vertical distance:
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437
A=2(2) (16.0 —10.0 —T) (3.87) = 59.1in?

where the height of the pin block chamfer 15 16.0 mches, the center of the hole 15 10.0 mches, the hole diameter 15
4 37 mmches and the thickness of the block leg 15 3. 87 inches (as discussed above), and there are two legs per [4].
Conservatively, this neglects the matenial at less than the full 4.0 mch thickness. Conservatively applying the
combmed load to the vertical tear-out area, the shear tear-out stress 1s:
T_".IDPI_:‘_ 1,432
T A 594
From Section 5.1, the allowable tensile stress, Sas = 30 ksi1. The margin of safety 1s:
30

Ms=m"l=+024

=242 ksi

Bending
The outer pin blocks are not subjected to bending from bounding longitudinal tie-down load. The tensile and
shear tear-out evaluations performed above are bounding.

5.2.6 OQOuter Pin Attachment Block Welds

The weld connection to the milcar deck will be specified by EASGRO Rail. The transportation loads applied to

The longtudinal and vertical loads shown below are apphed simmltaneously.
Applied at the pin hole, inboard outer pin block (I0PB) longitudinal load, Fiops wey = 944 kip
Applied at the pin hole, inboard outer pin block (IOPB) vertical (+) load, Fiops ,. = 1,077 kip
Applied at the pin hole, outboard outer pin block (OOPB) vertical (-) load. Fooes +.= 1,077 kip

527 Attachment Pin

The attachment pins used by the center pin attachment blocks (Item 15 of [4]) are used to secure the cradles to the
railcar. They are inserted through the center pin attachment blocks and the holes i the cradle man beams. The
attachment pins used by the outer pin attachment blocks (Item 16 of [4]) to secure the end stop assembhes are
double length and are used to secure both legs of the end stop. However the loading condifion on each pm 15
similar for each location (double or single).

Pin at Center Pin Attachment Block
The maximmum load on the attachment pmn at the center pin attachment blocks is from the vertical te-down load
taken from Section 5.2.1:

Fpin=Fepg y = 730 kip
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Figure 5-10: Attachment Pin Connection (item 15)
The pm is subjected to shear and bending from the gap between the center pin attachment blocks and the cradle
beams. The pin cross sectional area 13:
A =-E(4.oo)1 = 12.6 in?
where the pm diameter 15 4.00 inches from [4]. The pm section modulus 1s:
i s -3
5_32(4.00) =6.28in
Using Table 42, Case 5 of [19] and conservatively assuming the gap 15 maxmmized toward one end leaving only a
0.25 mch gap due to the boss at the block bottom, the load P 1s:
P = (Fpm)/2 = 730/2 = 365 kip
As shown on Figure 5-11, the reactions R1 and R2 are:
_P(L—a+c) 365(12.25 — 0.735 + 0.25)

L = T = 1225 = 3505 kip
P(L—c+a) 365(12.25 —0.25 + 0.735
i SR, A, ) — 3795 kip
L 12.25

where the opening between the center pin attachment blocks 1s, L = (11.75+0.25+0.25) = 12.25 inches per [4], the
mg cradle I-beam 1s W18x119 per [20], [21], [22], [23] and [24]. per [25], the width b= 11 265, the length
a=12.25-11.265-0.25 = 0.735 inches and the length ¢ = 0.25 inches. The bending moments are:

M; = Rya = 350.5(0.735) = 257.6 in — kip
M; = Ryc = 379.5(0.25) = 94.9 in — kip
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Figure 5-11: Attachment Pin Bending

The shear stress 1s:
MAX(R,,R;) 3795 ]
= A T 30.1 ksi
The bendmg stress 15
MAX(M,, M. 257.6
gy = (M, Mz) = = 41.0 ksi
s 6.28
The von Mises stress 1s:

oy =y op% + 3(7%) = /(41.0)% + 3(30.1)® = 66.3 ksi
From Section 5.1, the allowable tensile stress, Sasss = 145 ksi. The margin of safety 1s:
145

NS:E—I =+1L19

Pin at Outer Pin Attachment Block
The maximmm load on the attachment pin used at the outer pin attachment block is taken from Section 5.2.5 as:
Fpm = F:opg_g =1432 kip
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Figure 5-12: Attachment Pin Connection (item 16)

The pm is subjected to shear and bending from the gap between the outer pin attachment blocks and the end stop
plates. The pin cross sechonal area 1s:

A :%(4.00}2 =12.6in®
where the pm diameter 15 4.00 inches from [4]. The pm section modulus 1s:
_1 3 _ -3
S= 32(4.00) =6.28in
Again using Table 42, Case 5 of [19] the load P is:
P = (Fp)/2 = 1432/2 = 716 kip

As shown on Figure 5-11, the reactions R1 and R2 are:
_P(L—a+¢) 716(3.00— 0+ 0.50)

Ry = T = 250 = 835.3 kip
P(L—c+a) 716(3.00 —0.50 +0)
R; = T = 3 = 596.7 kip

where the opening between the outer pm attachment blocks 15, L = 3.00 inches per [4], the connecting end stop
plates are 2.00 +.25 +25 inches (Ttems 4(2x) and 5 of [20]) wide, b = 2.50 inches, the length a=3.00-2.50-0.50 =
0 mches and the length ¢ =0.50 inches. The bending moments are:

M, = R,a = 835.3(0) =0 in — kip
M, = R,c = 596.7(0.50) = 298.4 in — kip
The shear stress 1s:
,_MAX(R,R;) 8353
A 12.6

= 66.3 ksi
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The bendng stress 1s:

_ MAX(M,, M;) 2984

= = 47.5 ksi
% s 6.28 =

The von Mises stress 1s:

oy = Jop? + 3(72) = ,[(47.5)? + 3(66.3)2 = 124.3 k=i
From Section 5.1, the allowable tensile stress, Sysss = 145 ksi. The margin of safety 1s:
145

MS=T3a3

—1=+4+0.17

5.3 Cradle Weight

Weaghts for the conceptual cradle designs are listed in Table 4-4. To bound the dynamuc response of the railcar
and any changes m the future final cradle designs, a range of £10% 15 added to the cradle weight The nommal
maximmum, and minimum cradle weights are shown in Table 5-1 below:

Table 5-1: Adjusted Cradle Weights

. Maximum e 2

Cask Family "“‘:;';;:‘E‘;"e (:racnelbWeimt, ""m';‘hflrgd'e
NAC-STC 2 42,000 46,200 37,800
NAC-UMS UTC 2 42,000 46,200 37,800
MAGNATRAN 2 22,000 46,200 37,800
HI-STAR 100 1 67,091 73,800 60,382
HI-STAR 100HB 1 73.182 80,500 65,864
HESTAR 180 1 58,273 64,100 52,446
HI-STAR 60 1 83,727 92,100 75,354
HI-STAR 190 SL 1 1 55,909 61,500 50,318
HI-STAR 190 XL 1 53,636 59,000 28,272
MP187 s 32,500 35,750 29,250
MP157 3 26,000 28,600 23,400
MP197HB 3 26,000 28,600 23,400
Tn-328 1 74,000 81,400 66,600
TN-40 1 75,091 82,600 67,582
TNGOHT R 75,091 82,600 67,582
™NGE 2 27,000 29,700 24,300
TS125 3 30,000 33,000 27,000

54 Combined cg and Railcar Weight

In order to meet the combined cg requirement of 98 mches, as required by Rule 89 of the AAR Field Manual of
the AAR Interchange Rules [8], the railcar weight must be considered. The required railcar weight 1s determmed
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cg locations, the attachment components (AC) calculated weights and vertical cg locations (Appendix A), the
ballast load weight and vertical cg location and the railcar deck height and railcar vertical cg location provided by
KASGRO [27]).

The total cg of the cask, cradle and ratlcar 1s shown in the followmg table. The unloaded railcar deck height was
provided by KASGRO to be 59.25 inches [27]. Thus value 1s lower when under load Per KASGRO, the loaded
deck height from the rails is 55.375 inches [27]. Conservatively, the unloaded deck height of 59.25 inches will be
used. This value was used to adjust the cask and cradle cg’s provided m Table 4-3 and Table 4-4. The railcar cg
(unloaded condition) 15 35.3 inches from the rails [27]. To calculate the worst case cg for each cask and cradle
combination, the maximum cask weight 15 used from Table 4-3 and the mimmum cradle weight is used from
Table 5-1. The mininmm attachment components weight 15 used from Appendix A The total cg 1s calculated as
follows:
Railcar W X Railcar cg + ACW X AC cg + Cradle W X Cradle cg + Cask W X Cask cg
Total Weight

The combmed total cg’s are calculated and shown in Table 5-2, Table 5-3 and Table 5-4 below. Three railcar
weights are considered, 195,000 Ib., 200,000 Ib. and 205,000 Ib.. These weights were selected based on the range
provided by KASGRO. 'i‘hemini:mmraﬂczwdghofl‘)SOOOIb was selected to provide the minimmum required
railcar weight needed to meet the cg linut with an acceptable margin  The allowable cg 15 98 inches per Section
2.1. The cg margins for each of the casks are calculated in Table 5-5. The bounding cask 15 the HI-STAR 190
X1 which has 2 margin of 98-96.08 = 1.92 inches for a 195,000 Ib. railcar.

The maxinmm railear weight of 205,000 1b. was selected to meet the maxamum allowed combmed weight. The
maxmmm combined weight of the railcar, cradle and loaded cask must be less than 65,750 pounds per axle
(789.000 pound loaded car limf) per AFS-IN-16-0039 [6]. The maximum combined weight 15 calculated usmg
the maxamum cask weight from Table 4-3, the maximum cradle weight from Table 5-1, the maximum attachment
components weight calculated m Appendix A and the ralcar weight. Maximum weaghts are shown m Table 5-6
below. The minmum margm 15 73,066 pounds for the HI-STAR 190 XL loaded on a 205,000 pound railcar.
The maximmum ballast load weaght and cg are taken from Table 4.2 of [17] as 220,600 Ib. and 32.42 inches (from
the bottom of the ballast load assembly). The ballast cgz from the rails can be calculated as 3242 -7.5 + 10 +59.25
=94 .17 mches [4][18]. The maxanmm combined ballast and railcar cg1s:
Railcar W x Railcar cg + ACW X AC cg + Ballast W x Ballast cg
Total Weight
195,000 x 35.3 + 31,165 x 67.24 + 220,600 x 94.17
195,000 + 31,165 + 220,600

total cg = 66.60 inches
where the maxamum attachments components weight (31,165 Ib.) and cg height (67.24 inches) 1s used from
Appendix A. The ballast load cg is very low compared to the conceptual cradle and cask payload and wall not be
bounding for the maximum cg case.

total cg =

totalcg =

totalcg =
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Table 5-2: Combined CG Height, 195,000 Ib. Railcar

Cask Family Cg'slf Ila:_( Cask Cr"a.dle Min_Cracle :l'otal Tota_l

cg™ in | Weight, Ib | cg™, in | Weight, Ib | Weight™, Ib | cg™, in
NAC-STC 2 127.25 254 589 86.75 37,800 512,887 8632
NAC-UMS UTC 2 127.25 255,022 86.75 37,800 513,320 86.36
MAGNATRAN 2 127.25 312,000 86.75 37,800 570,298 50.44
HI-STAR 100 1 12575 279,893 104.25 60,382 560,773 £9.32
HI-STAR 100HB 1 12575 187,200 116.95 65,864 473,562 8413
HI-STAR 180 1 12425 308,647 114.15 52,446 581,550 91.02
HI-STAR 60 i 11938 164,000 11985 75,354 459,853 8091
HI-STAR 190 SL 1 124 25 382 746 11175 50,318 653 562 9452
HI-STAR 190 XL 1 124 25 420,769 11135 48,272 689,540 96.08
MP187 4 124 25 271,300 88.25 29,250 521,048 86.15
MP197 3 12175 265,100 76.75 23,400 508,998 83.83
MP197HE 3 12375 303,600 77.25 23,400 547,498 87.63
TN-32B 1 13225 263,000 108.55 66,600 550,098 92.00
TN-40 1 13225 271,500 106.75 67,582 559,580 92.42
TN4OHT 1 13225 242343 106.75 67,582 530,423 90.23
TN-68 2 137.25 272,000 85.75 24300 516,798 9291
TS125 3 13255 285,000 84.25 27,000 532,498 91.36

Notes:

1. A value of 59.25 mches 1s added for the deck height of the railcar. The cg1s
measured from the rails.
(25,498 Ib) and cg 7.99+ 59.25 = 67.24 inches from the rail

&
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Table 5-3: Combined CG Height, 200,000 Ib. Railcar

Cask Family Cg'slf Ila:_( Cask Cr"a.dle Ilin_Cradle _Total Tg:al
cg™, in | Weight, Ib | cg™, in | Weight, Ib | Weight®, Ib | cg™, in
NAC-STC 2 127.25 254 589 86.75 37,800 517,887 8583
NAC-UMS UTC 2 127.25 255,022 86.75 37,800 518 320 85.86
MAGNATRAN 2 127.25 312,000 86.75 37,800 575,298 89.96
HI-STAR 100 1 12575 279,893 104.25 60,382 565,773 88.84
HI-STAR 100HB 1 12575 187,200 116.95 65,864 478,562 83.62
HI-STAR 180 1 12425 308,647 114.15 52,445 586,590 90.54
HI-STAR 60 i 11938 164,000 11985 75,355 464 853 80.42
HI-STAR 190 SL 1 124 25 382 746 11175 50,318 658,562 94.07
HI-STAR 190 XL 1 124 25 420,769 11135 48,273 694 540 95.65
MP187 4 124 25 271,300 88.25 29,250 526,048 85.67
MP197 3 12175 265,100 76.75 23,400 513,998 83.36
MP197HE 3 12375 303,600 77.25 23,400 552 498 87.15
TN-32B 1 13225 263,000 108.55 66,600 555,098 9149
TN-40 1 13225 271,500 106.75 67,582 564,580 91.92
TN4OHT 1 13225 242343 106.75 67,582 535,423 83.72
TN-68 2 137.25 272 000 85.75 24 300 521,798 9235
TS125 3 13255 285,000 84.25 27,000 537,498 90.84
Notes:

1. A value of 59.25 mches 1s added for the deck height of the railcar. The cg1s
measured from the rails.
(25,498 Ib) and cg 7.99+ 59.25 = 67.24 inches from the rail

&
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Table 5-4: Combined CG Height, 205,000 Ib. Railcar

Cask Family Cg'slf Ila:_( Cask Cr"a.dle Ilin_Cradle _Total Tg:al
cg™, in | Weight, Ib | cg™, in | Weight, Ib | Weight®, Ib | cg™, in
NAC-STC 2 127.25 254 589 86.75 37,800 522 887 8535
NAC-UMS UTC 2 127.25 255,022 86.75 37,800 523,320 85.38
MAGNATRAN 2 127.25 312,000 86.75 37,800 580,298 89.49
HI-STAR 100 1 12575 279,893 104.25 60,382 570,773 88.38
HI-STAR 100HB 1 12575 187,200 116.95 65,864 483,562 83.12
HI-STAR 180 1 12425 308,647 114.15 52,445 591,550 90.07
HI-STAR 60 i 11938 164,000 11985 75,355 469,853 79.94
HI-STAR 190 SL 1 124 25 382 746 11175 50,318 663,562 93.63
HI-STAR 190 XL 1 124 25 420,769 11135 48,273 699,540 95.22
MP187 4 124 25 271,300 88.25 29,250 531,048 85.19
MP197 3 12175 265,100 76.75 23,400 518,998 82.90
MP197HE 3 12375 303,600 77.25 23,400 557,498 86.69
TN-32B 1 13225 263,000 108.55 66,600 560,098 90.99
TN-40 1 13225 271,500 106.75 67,582 569,580 91.42
TN4OHT 1 13225 242343 106.75 67,582 540,423 89.22
TN-68 2 137.25 272 000 85.75 24 300 526,798 9181
TS125 3 13255 285,000 84.25 27,000 542,498 90.33
Notes:

1. A value of 59.25 mches 1s added for the deck height of the railcar. The cg1s
measured from the rails.
(25,498 Ib) and cg 7.99+ 59.25 = 67.24 inches from the rail

&
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Table 5-5: Total cg's and Margin to 98 inches

195,000 Ib. railcar 200,000 Ib. railcar 205,000 Ib. railcar
Cask Family | total cg, | margin, | total cg, | margin, | total cg, | margin,
in in in in in in

NAC-STC 2 86.32 1168 85.83 12.17 85.35 12.65
NAC-UMS UTC 2 86.36 1164 85.86 12.14 85.38 12.62
MAGNATRAN 2 90.44 7.56 89.96 8.04 89.49 851
HI-STAR 100 1 89.32 868 88.84 9.16 8838 9.62
HI-STAR 100HB 1 84.13 13.87 83.62 14.38 83.12 14.88
HI-STAR 180 i 9102 6.98 90.54 7.46 90.07 7.93
HI-STAR 60 1 80.91 17.09 80.42 17.58 79.94 18.06
HI-STAR 190 SL 3 | 9452 348 9407 393 9363 437
HI-STAR 190 XL 1 96.08 192 95.65 2.35 95.22 2.78
MP187 4 86.15 1185 85.67 1233 85.19 12.81
MP157 3 8383 1417 83.36 1464 82.90 15.10
MP197HB 3 87.63 1037 87.15 10.85 86.69 1131
TN-32B 1 52.00 6.00 91.45 6.51 90.99 7.01
TN-40 1 92 42 558 91.92 6.08 91.42 6.58
TNAOHT 1 90.23 7.77 89.72 8.28 89.22 8.78
TN-68 2 92.91 5.09 92.35 5.65 91.81 6.19
TS125 3 9136 5.64 90.84 7.16 90.33 7.67
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Table 5-6: Total Weight and Margin to 789,000 pounds

195,000 Ib. railcar 200,000 Ib. railcar 205,000 Ib. railcar
. Max margin Max in Max margi
ek Family | ombined | ®. | Combined | b | Combined | B
Weight. Ib. Weight, Ib. Weight. Ib.

NAC-STC 2 526,954 262,046 531,954 257,046 536,954 252,046
NAC-UMS UTC 2 527,387 261,613 532,387 256,613 537,387 251,613
MAGNATRAN 2 584,365 204,635 589,365 199,635 | 594,365 194,635
HI-STAR 100 1 579,858 209,142 584 858 204,142 589,858 199,142
HI-STAR 100HB o | 493 865 295135 498 865 290,135 503,865 285,135
HI-STAR 180 1 598,912 190,088 603,912 185,088 608,912 180,088

HI-STAR 60 1 482 265 306,735 487,265 301,735 492,265 296,735
HI-STAR 190 SL 1 670,411 118,589 675,411 113589 | 680,411 108,589
HI-STAR 190 XL 1 705,934 83,066 710,934 78,066 715,934 73,066

MP187 4 533,215 255,785 538215 250,785 543 215 245 785

MP197 3 519,865 269,135 524 865 264,135 | 529,865 259,135

MP197HB 3 558,365 230,635 563,365 225,635 568,365 220,635

TN-328 1 570,565 218,435 575,565 213,435 580,565 208,435

TN-40 1 580,265 208,735 585,265 203,735 590,265 198,735
TNAOHT 1 551,108 237,892 556,108 232892 | 561,108 | 227,892
TN-68 2 527,865 261,135 532,865 256,135 537,865 251,135
T5125 3 544 165 244 835 549 165 239,835 554,165 234 835
Notes:
1. The weight linat of 789,000 pounds is based on a selected lumit of 65,750
Ib/axle for a 12 axle railcar.
2. The maxmmum combined weight is the summation of the maxamum cradle
weight from Table 5-1, the maximum cask weight from Table 4-3, the
maximum attachment components weight from Appendix A and the provided
railcar weight.
5.5 Attachment Components Cask Interface

Some of the packages mmst have thewr impact lnmiters mnstalled on the ralcar deck. Table 5-7 shows the distance
required for impact limiter removal/insertion for the two packages (MP187, HI-STAR 190 XL) that are boundmng.
It can be seen from [4] that the distance between the attachment components 1s:

125 + 2(148.50) — 2(8) = 406 inches

The munimmm required clearance for mpact hmiter removal of the MP187 1s 372 mches from [26]. In this case
there 15 34 additional mches of clearance. However, the clearance was calculated assuming the impact liniter has
a flat bottom end. In reality all of the cask mmpact limiters have some taper which provides addihional clearance.
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required clearance for impact hmiter removal of the HI-STAR 190 XL 15 406 mches. The package
15 362 mches long and 18 inches 1s required on each end for impact limmter removal. The package vendor
requested that an additional 4 mches of clearance be added to each side for a total of 406 inches [9]. In thus case
the design meets the requirement.

Table 5-7: Bounding Required Impact Limiter Clearance

| Family | Cask Total length (to facilitate removal of impact limiters)

Package Length: 308 inches (see SOW Appendix A [1])

Impact Limiter Overiap: 32 inches (SAR DWG NUH-05-4000NP R & DWG NUH-
05-4001NP R13 [26])

=308+ 2(32) = 372 inches

4 MP187

Package Length: 382 inches (see SOW Appendix A [1])
Impact Limiter Overiap: 18 inches (Information from vendor [9])
Additional Clearance: 4 inches (Requested by vendor)

= 382 + 2(18) + 2(4) = 406 inches.

1 HI-STAR 180 XL

5.6 Fatigue

The ralcar 15 expected to perform service for up to 50 years and are not expected to travel more than the
maximum value of 3,000,000 mules per Section 7.1.2.1 of M-1001 [28]. While this period of performance 1s not
expected to be maintenance free, it is reasonable to assume that the structure would perform its support function
without major component failure. To this end, this analysis presents a cursory examunation of the fahgue loading
over this hfespan. The detailed fatigue analysis will be included with the evaluation of the railcar.

An example of the accepted method for calculating fahizue life i1s shown m Chapter 7 of the M-1001. From the
example case Figure 7-3, it can be seen that 97 percent of the vertical fatigue loading 1= due to stress ranges under
0.3g. Asthis is from an example, case it 15 assumed to be normal in companson to other railcar response curves.
Since a majonty of the fatizue loading 15 wathin this range the fahgue hife of the cradle 1s assumed to be defmed
by these loads.

The attachment component structural analysis demonstrates that a bounding acceleration load of 2g in the vertical
direction can be supported when compared against yield strength. This 1s equivalent to using an allowable stress
of %2 yield stress under normal gravity loading. All of the attachment component analyses demonstrate that this
yield entenon 15 met.

If we assume that the stress vanation due to cyclic loading 15 no more than +/- 0.2g (or a range of 0.4g), and that
the allowable stress 15 just met at one gravity, the muninwm and maxamum stress that wall be found m any
component with a yield stress of 50 k=1 due to cyche loading will be due to the vanable stress. This stress 1s:

Mean Stress: S =2 50ksi = 25 ksi
Vanable Stress: S, =025=5ksi
Maximum Stress: Sy = 30 ksi
Mimmum Stress: Smn = 20 ksi
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- —5mm _2
Stress Ratio: =g =3

The stress that produces farlure m steel at 2,000,000 cycles can be computed from cases m Table 7.55 of Chapter
7 of M-1001. This table presents values for deternuning the fatizue properties of the Modified Goodman
Diagram (MGD) for a particular member. As an example, the allowable stress 15 50 k=i for an A992 beam. From
Table 7.55, Flg. No. 7.4.1 8 the following mformation 1s available:

Y intercept of MGD: b =26 ksi
MGD Slope: m =09
5-N Curve Slope: k=0.16
Cycles at Fahigue Stress S¢: N = 2 x 105cycles
The stress at which the beam is expected to £ail at two million cycles is:
Fatigue Stress (at Ne): =%= 65 ksi
Since the Fahigue Linut 15 greater than the maximum load, the S-N curve slope 15 half the value above.
Cycles to failure: N:%;:SLSXID’@&Q:

For a 50 year hife, the railcar 1s expected to cover 3,000,000 miles. Assmmgacychcmofﬁ:SOOcydspu
mile (based on the example of Section 7.2.4.1.1.2 of M-1001), the expected hife will

fife— % = (31.5 X 10° cycles)/(300 cycles/mile) = 105 x 10° miles

The Life prediction for this component 15 much larger than the required hifespan for the component; therefore, it 15
reasonable to say that it will support fatigue loading without any modification. Simmlar analysis performed on an
axially loaded flat plate for matenial with a 50 k=1 yield stress linmt demonstrates improved fatigue life in
companson to the beam section.

6.0 COMPUTER SOFTWARE USAGE (IF SOFTWARE IS USED)
No computer software 15 used m this calculation
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7.0 RESULTS/CONCLUSIONS

741 Standardized Attachment Components

The results of the analyses in this calculation demonstrated that the standardized attachment components are
adequate to perform required function. The margmns of safety for the evaluated components are shown m Table

7-1.
Table 7-1: Margins of Safety
Component Loading Margin of Safety
e A Siacks Tensile stress from vertical load +2.16
(Section s_z_t;}a - Shear tear-out from vertical load +1.17
Combined stress from lateral load at base +033
Shear Blocks . ’
(Section 5.2.3) Combined stress from longitudinal load +18.4
Outer Pin Attachment Blocks Tension Stress from combined load +2.62
(Section 5.2.5) Shear tear-out from combined load +0.24
Attachment Pin s 5
(Section 5.2.7) Combined stress (minimum) +0.17
All margms of safety are positive and the components are adequate to support the appled loading.
7.2 Standardized Attachment Components Welds

The forces apphed to the welds between the attachment components and the railcar deck are taken from Section
5.2.2, Section 5.2.4, and Section 5.2.6 and are shown i Table 7-2.

Table 7-2: Required Weld Strength

Weld Forces Applied to Weld

Center Pin Attachment Block Weld i el :

{Section 5.2.2), (item 7-8 of [4]) 611 kip (lateral) at bnckestl::d 312 kip (vertical) at pin

Shear Blocks Weld . .

{Section 5.2.4), (item 9 of [4]) 2,921 Hps flongituiival)

Outer Pin Attachment Block Welds 944 kip (longitudinal) and 1,077 kip (vertical +) at inboard

{Section 5.2.6) (Iltem 12-14 of [4]) pin hole and 1,077 (vertical -) at outboard pin slot
7.3 Combined cg and Railcar Weight

The bounding combined cg and maximum weight are taken from Table 5-5 and Table 5-6 are shown in Table 7-3.
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Table 7-3: Total cg’s and Weight
Bounding Combined cg and Minimum Margin to 98 Inches
195,000 Ib. railcar 200,000 Ib. railcar 205,000 Ib. railcar
margin, margin, margin,
Cask Family | total cg, in in total cg, in in total cg, in in
Maximum Margin =
HLSTAR 60 1 8091 17.09 80.42 17.58 7954 18.06
Minimum Margin =
HI-STAR 190 XL 1 96.08 1.92 9565 235 9522 278
Bounding Total Weight and Minimum Margin to 789,000 pounds
Max Max Max
Combined | margin, | Combined | margin, | Combined | margin,
Cask Family | Weight, Ib. Ib. Weight, Ib. Ib. Weight, Ib. Ib.
Maxamum Margin =
s 1 482 265 306,735 487,265 301,735 492265 | 296,735
Minimum Margin =
HI-STAR 190 XL 1 705,934 83,066 710,934 78,066 715,934 73,066

74

Literature Search and other Background Data

A formal literature search was not applicable to this scope of work. All requred background mformation 15 given
under Section 1.1, Prgject Background.
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9.0 APPENDIX A - ATTACHMENT COMPONENTS WEIGHT CALCUALTION

The weight and center of gravity of the attachment components from the railcar deck 1s calculated below. The
Attachment component geometry 15 taken from DWG-3015278 [4]. The weight of each component 15 calculated
using hand calculations. The density of stamless steel is taken as 0.290 Ib/in’ and the density of carbon steel is
taken as 280 Ib/in’ [16]. For the ease of some calculations, geometry is simplified, resulting in a small
conservative mcrease m weight. Only the weight of the items present for transport 1s calculated.

Pin Stop Bar (Ttem 2)
Length: 6.00+1.5+15=9in
Width: 1.5 m. |
Thickness: 25 in. E—

Weight: 290(9)(1.5)(:25) = 98 Ib. s

cg from railear deck: 10in. [ " i
]

PnT 3
The pin tray keeper 15 part of the pin loading weldment assembly, which 1s not attached dunng transport.

- 8o -

s

Pin Keeper Plate (Ttem 4)
Width- 40m.

Height: 100in
Thickness: .25 m.
Weight: .290(4.0)(10.0)}.25) =290 Ib. [
(Assuming the shape to be a rectangle and neglecting the hole)
cg from railcar deck: 18 m. l
(conservatively assumed to be top of pin attachment block)

Deck Spacer Plate (Ifem 5)

Length: 120m.

Width- 120 m.

Thickness: 38 m

Weight: 290(12.01(12.0}(38) =159 Ib.
cg from deck: 38/2=.19m.
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Deck Spacer Plate (Item 6)

Length: 120in

Width: 9.0

Thickness: .50 m

Weight: 290(12.0)9.0)(.50) = 15.7 Ib.
g from deck: 502 =25 in.

Center Pin Attachment Block (Item 7- 8)

Height: 18.0in.

Width: 12.0 m.

Thickness (bottom): 4.0 m

Thackness (top): 3.75

Weight: .280((12.0)(4.0)(4.0) + (3.75)[12(18.0 - 4.0) - x/4(4.37)* - 437(1)D = 2098 Ib.
cg from deck: 182=9m.

- 37" -
> - oy
=] 83758 - WA
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20
L] l =
i
——a—= ‘ wl|
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Shear Block 9

Height: 40m

Width: 90.0 m.

Length: 21.0m.

Weight: .280(4.0)(90.021.0)=2116.8 Ib.
cg from deck: 402 =2m
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OQuter Pin Attachment Block (ftem 12-14)
Height: 18.0 in.

Width: 11.0 in.

Length: 64.0 in.

Thickness (base): 2.0 in

Thickness (legs): 4 in

Weight: 280[(2.0)(11.0)(64.0) + 2(4){(64.0)(18.0-2.0) — =/4(4 37)" - x/4(4.37) -1(4.37)}]=261101b.

cg from deck: 182=9m.

—r— |

nal

Center Attachment Pm 1

Diameter: 4.000 m.

Length: 20.70 m.

Weight: 290(x/4(4.000)%(20.70)) = 75.4 Ib.
cg from deck: 10 m.

Outer Attachment Pin 1

Diameter: 4.000 m.

Length: 3720 m.

Weight: 290(x/4(4.000)%(37.20)) = 135.6 Ib.
cg from deck: 10 mn.
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Pin Attachment Tray (Item 17)
The pin attachment tray 1s part of the pin loading weldment assembly, which 1s not attached dunng transport.

Fasteners 18

Diameter: 5/8 (0.623) in.

Length- 125 in.

Weight: 289(x/4(.625)(1.25)) = 11 Ib.

cg from deck: 18mn.

(conservatively assumed to be top of the pin attachment block)

Table 9-1: Attachment Components Weight Summary

Weight each cg each | Total Weight | W x (cg)
Component Item | Qty. (Ib.) (in) (Ib.)
Pin Stop Bar 2 12 0.98 10 118 118
Pin Tray Keeper
Pin keeper Plate 4 12 29 18 348 626.4
Deck Spacer Plate 5 2 159 019 318 6
Deck Spacer Plate 6 4 5.7 0.25 62.8 15.7
Center Pin Attach Block
(outer) 7 4 2098 9 839.2 75528
Center Pin Attach Block
(inner) 8 2 2098 9 8392 75528
Shear Block 2 2 21168 2 42336 8467.2
DELETED 10
DELETED 11
Quter Pin Attachment
Block (left) 12 2 2611 9 5222 46598
QOuter Pin Attachment
Block !ri@t) 13 2 2611 - 52_22 46998
QOuter Pin Attachment
Block (center) 14 4 2611 - | 10444 93996
Center Attachment Pin 15 4 754 10 301.6 3016
Quter Attachment Pin 16 8 1356 10 1084 8 10848
Pin Attachment Tray 17
Fasteners 18 36 0.11 18 4 72
Total: 28,331.6 226,266.9

The Attachment Components weigh 28331 6 pounds and have a vertical cg, measured from the railcar deck, of
226,266.9/28,331.6 = 7.99 mches. The vertical cg measured from the rails, 15 7.99 + 5925 = 67.24 mches.

Page B.2-42 February 2, 2018



Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Caic-3015279-003

Page 42 of 42
A AREVA Federal Services LLC
AREVA Title: Atlas Railcar Cradle Attachment and Combined Center of Gravity
Calculation
Doc/Rev.: CALC-3015276-003
Project: 00225.03.0050 - DOE Atlas Railcar Page 42 of 42

To bound the dynamic response of the railcar and any changes in the future final attachment component desizn a

range of =10% 15 added to the weight The normmal maximum, and nunmmum attachment components weights
are: 28.331.6 Ib. (nomumal), 31,165 Ib. (maxirmm), 25498 Ib. (minimmm)
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