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1.0 PURPOSE

The Atlas Railcar Fanuly 4 Cradle Assembly conceptual design (cradle), exclusively designed for the transport of
Multi-Purpose cask 187 (MP187), 15 one of the four (4) family cradle designs. It 15 designed to serve under

phase 1 (conceptual design phase) of the US Department of Energy (DOE) integrated nuclear waste management
disposition system, called DOE Atlas Railcar Project [1]. The dnving size limitations and design boundarnes are
dehineated m the Design Basis Requrements Document (DBRD) [2]. The purpose of this document 1s to evaluate
the structural integnity of the MP187 cradle under the loads specified in the following subsections, m accordance
with the DBRD [2]. Additionally, the height and vertical CG from the bottom of the cradle and associated loads to
the railcar at the pin locations will be determined and provided for the testing purpose of the railcar. The
conceptual design 15 shown in Figure 1-1 and drawmg 3015140 [3]. The 12-axle railcar shown in Figure 1-11s
shown m drawing 3015278-002 [4].

Upper Tie-Down l—-\

\ / z—l Sunshileld

[ Impact Limiter
MP1B7 Cask A

Cradiz
Base

Personnel _/
Barrier
Figure 1-1: Family 4 Cradle Assembly Conceptual Design

The purpose of this revision 1s to reevaluate the cradle after a design change that reduces the centerline height of
the cask from 69.50 mches to 65.00 inches. The weight and center of gravity of the cradle are recalculated in
Appendix A Loads have been updated to reflect the project MP187 design weight of 271 .3 kaps as presented in
the Statement of Work (SOW) [1].

[ RalicarLug |

2.0 METHODOLOGY

Hand calculation will be used in this document to demonstrate that the cradle can support the apphed loads.
Allowable stresses are calculated using the given accelerations loads per the DBRD [2] against yield strength of
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the matenals. Steel Construction Manual of AISC may be used as a gwde also [5). Because the design 15 merely
conceptual only the mam or cnitical components and connections m the load path are evaluated m thys document
The mterfaces and loading conditions are as follows.
21 Interface Conditions
There are two (2) major interface conditions:
1. Loaded Cradle-to-Ralcar interface: The total loaded cradle will be used mn this case.
2. Cask-to-Cradle mterface: Only the load from the cask will be apphed to the affected members m this case.
3. The cradle does not support the loads from down-ending operations (transihoning from vertical
onentation to honzontal onentation); a separate down-ending frame 15 used for this purpose (Chapter 7 of
the SAR [6]).
2.2 Loading Conditions
There are three (3) loading conditions to be evaluated:

1. Lifting Load: The load will be distnbuted equally between all four (4) Lifaing pomts mn accordance with
DBRD [2]. ANSI N14.6 [7] will be used in this evaliation since the payload is higher than 10,000 Ib.

2. Tie-Down Loads: The accelerations in the design input sechion of this document will apply individually
per DBRD. The stresses resulting from the applied loads are then compared against the allowable yield
stresses of the components in accordance with Section 2.2 2-13 of the DBRD. Analysis of the 2g vertical
load bounds the 1g dead weight load.

3. Fatigue Load: Famuly 3 cradle conceptual design calculation [8] covers the fatigue evaluation for all
23 Margin of Safety

The margin of safety (MS) in this calculation 15 defined as the allowable load drided by the apphed load to be
greater than 1 or:
_AllowsbleLoad
= appliadioad %

3.0 ASSUMPTIONS

31 Unverified Assumptions
All inputs are referenced agamnst verifiable sources. There are no unvenfied mputs or assumptions used m this
document.
3.2 Justified Assumptions
1. Ttis assumed that the loads are umformly apphed where shown m this document. This 15 considered as a
standard practice.
2. Itis assumed that the matenals used mn this design have no defects per the procurement standard practice;
therefore thewr properties are accurate per the pubhished codes and standards referenced in this document.

3. Itis assumed that the matenals are inherently homogeneous throughout; hence strengths of matenals are
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4. Itis assumed that the Lift ocours through four (4) pomts and 15 equally balanced. This 1s a standard
practice.

5. All welds are assumed to be erther full or partial penetration with full strength as adjomning component
Where a full or partial penetration weld 15 not possible, 1t 15 assumed there will be adequate weld such that
the strength of the weld is equal or greater than the full strength as adjommg component Welds wall be
fully evaluated in the final design.

6. Itis assumed that the lateral load from the MP187 to the upper ie-downs wall be apphed at the mner apex
of the he-down arch. This conservatively maxmmizes the moment used in the stress analysis of the pin
connections.

4.0 DESIGN INPUTS
41 Loads and Centers of Gravity (CG)

411 Cask and Cradle

As descnibed i the MP187 SAR [6], the cask 15 nearly symmetnical, therefore the cg 15 very near the geometnc
center of the cask. In this calculation, thas 15 interpreted as at the axaal center of the cask; which comresponds to
the 64.5-mch dimension found n Section A-A of the cradle drawng [3] The maxinmm allowable transportation
weight for the cask 1s found m Appendix A of the SOW [1]. The weight and CG for the cradle assembly come
from the details m Appendix A 1. The combimned cradle and cask weight and CG 1s computed below and the result
15 recorded m Table 4-1.

From Appendix Al: Weight of Cradle: W, = 32.5 kip
CGof Cradle: Z.y = 285 in
From the MP187 SAR and [3], CG of Cask: Zeaskeg = 645 in

From the SOW: Weask = 271.3 kip
Combined Weight: W, = W, + W, =303.8 kip
Rounded up Combined CG: Z :ﬂ% — 60.6in
Table 4-1: Cask and Cradle Weight and CGs
Vertical CG from
Component Weight (kip) | Cradle bottom (in) Ref.
MP187 (cask) 2713 645 SOW[1], SAR[6]. & [3]
Cradle Assembly 325 285 Appendix A
Cask + Cradle Assembly 3038 60.6 Section 4.1.1

41.2 Tie-Down Loads
The following accelerations wall be apphed individually in the evaluations of the cradle components for the fie-
down loadmg n accordance with the DBRD [2].
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* =75z Longitudinal (axaal)
®  =2g Vertical
* =2g Lateral

413 Dynamic Factor
No dynamic factor is specified by the DBRD [2] for Lifting load analysis. A dynamic load factor of 1.15 is used
for hifting loads based on CMAA Specification No. 70-2004 [9].
4.2 Material Properties
The matenals properties listed m Table 4-2 are from ASTM Standards [10].
Table 4-2: Materials Properties

N14.6 lifting N14.6 lifting
based on yield based on
ASTM Code Yield (ksi) (ksi) Tensile (ksi) ultimate (ksi)
AS572 G 50 5,=50 503 =16.67 S, =65 65/5=13
ﬂ“ﬂmﬁ S, =100 10013 =33 33 S.=110 11055=22
A311, Gr. 1144, e = o =
Class B S, =100 10013 =33.33 S.=115 115/5=23

*  The density of steel materials used in this document is 490 Ib/ft’ (0.284 Ib/in’) per Table 17-12 of [5].
*  The unit weight of the wide flange W18x119 is 119 Ib/ft (0.283 Ib/in”) from [5].

*  The unit weight of the wide flange W16x57 is 57 Ib/ft (0.283 Ib/n”) from [5].

*  Allowable shear stress: 60% of materials yield or ultimate stress will be used, where applicable per [5].
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5.0 CALCULATIONS

In addition to a general system descriphion and analy=mis below, the following evaluations are presented to
determune the loads to the railcar as well as to demonstrate that the critical members and connechons of the cradle
assembly are capable of supporting the MP187 under vanious loadmg conditions.

System General Descriptions (Section 5.1)
Loads to the Railcar Evaluations (Section 5.2)
Determine Bounding Load to Tie-Downs Connection (Section 5.3)
Stresses on the Tie-Down Comnecting Members (Section 5.4)
Other Evaluations due to all Loads (Section 5.5)
a. Critical Members affected by the Lifting Load (Section 5.5.1)
b. Critical Members affected by 7.5g Longitudinal Load (Section 5.5.2)
c. Critical Members affected by 2g Lateral Load (Section 5.5.3)
d  Critical Members affected by 2g Vertical Load (Section 5.5.4)

vos e

51 System General Descriptions

The Atlas Fanuly 4 cradle assembly conceptual design consists of the following mamn components
(subassemblies) as shown mn [3] and desenibed below.

511 Cradle Base

The cradle base is shown m Figure 5-1. The cradle base provides the interface between the railcar and the cask.
With the railcar, it 15 restrained at four (4) pin locations to react to the tie-down loads. It also mterfaces with two
(2) shear keys on the railcar to support the longitudinal shear loads. With the cask, the cradle base interfaces with
a shear key at the center to resist the longitudinal load only. Laterally, the cradle upper and lower tie-downs wall
resist the cask’s load and the railear lugs wall resast the load from loaded cradle.

All members are made of high strength low alloy steel. Two (2) main side beams are built from W18x119 built-up
W-Section beams with one inch side plates reinforced with full or partial penetration welds. The main side beams
are parallel and separated by 93 ‘.-mnches. Connection between the two side beams 1s through the shear key
support box and two W16x57 beams. The shear key support box transfers the 7.5g load drectly from the shear
key to the railcar shear bocks (not pictured). The shear key support box is fabricated with 3-172 inch thick wall
plates and welded to the side plates of the W18x119 side beams. The shear key is sirmlar in design to that shown
in the MP187 SAR [6]. The concept of this subassembly is shown on sheet 2 of [3].
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Shear Key Support

Box
W16x57 Beam

Main Side
Beams

‘\—| Rail Car Pin Interface [

Figure 5-1: Cradle Base

51.2 Lower Tie-Down (saddle)

Two (2) saddles provide the nesting areas for the cask to rest on. Each saddle 15 approximately eight (8) inches
wide and located at one end of the cradle base. Vertical loads from the cask are supported by two (2) 2 inch thuck
plates on the front and back of each saddle. Additional support for vertical and lonzitudnal loads 15
accommodated through two (2) gusset weldments; each connecting one side of the saddle to a corresponding main
side beam. Each saddle mcludes two posts at the top to engage wath the upper tie-downs. The upper tie-downs
ship over the six (6) mch square posts and 2.5 inch pins will secure the tie-downs around the cask to the cradle
base. The conceptual design is shown m Figure 5-2 with more detail on sheet 2 of the conceptual design drawing
31
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_
Gusset |
Weldment
Steel Suppornt Ring
With Rubber Liner
Front'Back
Plate
| Main Side
Beams
Figure 5-2: Lower Tie-Down (Saddle)
51.3 Upper Tie-down

The two upper tie-downs are designed, mamly, to minmmze the cask movement vertically. Each upper tie-down 1s
bualt to form a 7.25 x 8 C-shaped cross section (C-Channel) 1-inch thick, curved to nest around the upper portion
of the cask, and will provide clearance for the cask’s side trunmions. As mentioned above, the upper tie-downs
will ship over the posts of the lower tie-downs and the 2.5 inch pins are sized to secure them in through 1.5 inch
thick side plates. Additionally a 1 %:-inch bolt 15 used on each side of each tie-down. The rubber liner on the upper
tie-down 15 designed to compress agamst the cask as the bolts are hightened sufficiently to allow the upper te-
down pin hole to align with the lower tie-down pmn hole.

Each upper tie-down mcludes an cuter 1.5 thack plate welded to the lower portion of the C-channel to add
stiffness around the bent portion which 1= not in contact with the cask. Thus plate adds ngudity to the C-channel at
the highest stress location due to the bounding load computed below. The plate iz also welded to the hift lugs at
the top to provide support for vertical hfting At the bottom thus plate 15 bent outwards to provide a surface to the
1.5 inch diameter bolt mentioned above.
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Built-Up
/_ C-LChannal
3-4UNC
Threaded Lug
Pin-Hela
Outer Support -
Plate
BoltHolefor |
1 1/2-6UNC Boit
Figure 5-3: Upper Tie-Down
514 Sun Shield and Personnel Barrier

The personnel bamer assembly consists of a curved 1/4 inch thick plate as a shade provider and two (2) side
metal screens as personnel bamers. The personnel bamer 1s made from two (2) inch stainless steel tubing framed
around a 50% open area screen. The entire assembly, which has an estimated weight of less than 2,000 Ib
(Appendix A), 15 lifted by the four (4) hoist nmgs rated for 5.000 Ibs. each The personnel bamer 15 secured onto
the cradle assembly via ball lock pms.
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Figure 5-4: Sun Shield and Personnel Barrier

5.2 Determine Bounding Tie-Down Loads to the Railcar
The he-down loads directions and pin locations are shown mn Figure 5-5.

ralicar shear key

FZ=23)
+Z =29

—

railcar lug

+V =29
<. il

[Pin 3 location |—_ _

Pin 1 localion |

Pin 4 location

Figure 5-5: Pin Locations and Acceleration Directions

5.21 Longitudinal Load

The 7.5 longitudinal acceleration results in a shear force that 1s resisted by the railcar shear key and a moment on
each pm. The free body diagram 1s shown m Figure 5-6.
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+Fx CG
pind h1 pinl
_— 3
-Fx N
L1
Feax N\, Fzax
Railcar shear key block
Figure 5-6: Longitudinal Load to Railcar FBD

The load: Fp= %(7.53)(303.8 kip) = 1,139 kip

Vertical moment arm: h; =Z, =60.6in

Distance between Pins: L; = 125.0in

IM,,=0: Foe =504 = 552 kip
522 Lateral Load
Simularly, the 2g lateral load will be resisted by the two lugs on the ratlcar. The reaction will occur at the base of
the cradle.

+Fy CG
Railcar Lugs o Railcar Lugs
at pinl rat pin2
-Fy
Lw
Fziy Fzay

Figure 5-7: Lateral Load to Railcar FBD
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The lateral load: Fy =3 (2£)(303.8 kip) = 303.8 kip
Vertical moment arm: h; = 60.6in
Dhistance between the pms: Ly =116in—113 in = 104.7 in

s . (hy) - <

IM i =0: Fry === = 176 kip

523 Vertical Load

The result of the 2g vertical force as follows:
The Load: F, :—:(25)(303.3 kip) = 152 kip

524 Summary of the Tie-Down Loads to the Railcar

The summary of the tie-down loads to the railcar 1s listed 1n Table 5-1.
Table 5-1: summary of Tie-Down Loads to the Railcar

Acceleration Load to the Railcar (kip)
7.5g Longitudinal double shear on any pin location +F,=552
7.5g Longitudinal on railear shear key =F, =1139
2g Lateral on any railcar lng =F,=303.8
5.3 Determine Bounding Load to Tie-Downs Connection

In this evaluation, the hifting load and the loads from the tie-downs in each direction are compared and the
bounding load will be used to determine the stresses on the upper and lower tie-down members.
5.31 Longitudinal Load
The longptudinal load of 7.5g 15 resisted by the cask’s shear key and a load is applied to the pin connection
between the upper and lower tie-downs. In this section, the load on the pm connection will be deternuned.
Summing the moment of the loads apphed to the cask:

£M = 7.5g(271.3 kip)(46.25 in) — F;;(129.4in) = 0

Load to saddle: Fyy = 727 kip
There 15 one pin on each side of the saddle; each Pin takes on-half of this load.
Load to pin: r,,,:%rn = 364 kip
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Figure 5-8: Longitudinal Loads to Cask
53.2 Lateral Load

The lateral load mchudes a 2g tie-down load that 1s resisted 1n part by the upper tie-down and partly by the lower
tie-down. The load on the lower tie-down 15 applied over one-half of the saddle segment with a load
conservatively focused one-thurd of the way down from the top edge of the saddle (the load pomt). The load on
the upper tie-down is conservatively applied where it contacts the top of the cask The load on the tie-downs 1s
computed by summing the forces and moments applied to the cask as a ngd body.

Load applied to restraint- P= (Zg)i-wmk=27l.3kip
Lateral forces summation: T, =Fg—PF+F =0
Cask radms: R=4625in

CG to load point vestical distance: ~ y =3(R—16.2in) + 16.2in = 26.2in

Summation of moments: IM=(R+y)Fpg +(RIP=0
Lower restraint load: Fiea =%P=173.2kip
Upper restraint load: Fypq =P — Fyy = 98.1 kip
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Figure 5-9: Lateral Load Distribution on the Tie-Downs

For the upper tie-downs, as shown m Figure 5-10, conservatively it 15 assumed a maximum moment arm which 15
at the lnghest pomt of contact between the cask and the upper tie-down to the pin locahon.

Moment arm: d, =4625in+ 12.2in = 58.45in
d; =2 x53.38in = 1068in

For the upper portion of the load:
Moment: mﬂuzdlxl’m—dle’,uzo
F,u = 53.7 kip
Lateral shear reaction: Fyn =3P = 1357 kip

The resultant: Pig= ’rf,, +Fyy = 1459 kip

Page D.2-20 February 2, 2018



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

CALC-3015136-001
Page 20 of 32
A AREVA Federal Services LLC

AREVA Title: Atlas Railcar Family 4 Conceptual Cradle Structural Calculation

DocJRev.: CALC-3015136-001

Project: 00225.03.0050 - DOE Atlas Railcar Page 20 of 32

;‘fJ
Figure 5-10: Lateral Load on Upper Tie-Downs
533 Vertical Load

There are two (2) vertical loads to consider, the tie-down 2g vertical load and the hfting load, hence:

5.3.31 2g Vertical Load
The 2g vertical acceleration results in reactions forces as follows:

Fpue = (2;)%(271.3 kip) = 136 kip

5.33.2 Vertical Lifting Load

For hifting_ the ifhng lugs are designed directly above the tie-down connections so that there 1s no eccentneity.
Based on Table 4-2, the ultimate stress allowable for all matenals 15 bounding. In order to compare the bounding
load in the system five (5) times the loaded cradle 15 considered to account for the allowable based on the
bounding tensile stress agamst the ultimate stress of the matenals in accordance with the hfting requirements of
ANSINI4 6 [7]. Conservatively, the full weight of the cradle will be considered. Additionally, a load factor of
1.15 wall be added, hence:

Fgy = 2(1.15)(303.3 kip) = 437 kip
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5.4 Stresses on the Tie-Down Connection Members

Between all the loads in Sections 5.3.1, 5.3.2, and 5.3.3, the vertical liftmg load is the highest load and therefore
will be used for the evaluahons of the members associated i connection between the upper and the lower tie-
downs per Figure 5-11.

1.5 In Thick Fii 1;.5 in 'rﬂl"-;_)(:!l-.r
Supper Flate \ /_ Suppar Plate
A % N l
247
281 Fiif2 P12

[ )
// "

———

L [ —— |Euil used W pull doan he upper le—cown I \ \

Figure 5-11: Tie-Down Loads

541 Stress on the Tie-Downs Retainer Pin
The applied load from Section 5.3.3.2: Fpin = Fupu = 437 kip
The pin is in double shear and made of A311, Gr. 1144, Class Bwith S ,= 115 ksi.
The pin is sized for 2.5 in. dia. withan area of: Apip =% (25 in)* = 49 in®

The applied double shear stress on the pin: ~ Fapyp =2-:L;=u.sksa

Allowable shear force on the pm: Spin = 0.65, = 69 ksi
The Margin of Safety: Ms,h=§ﬂ—1=o.55 OK
app
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542 Stress on the Upper Tie-Down Side Supporting Plates

Each side of the pin 15 supported with a 1.5 inch thick plate by 8.13 mches wide, made from ASTM A514 and
ASTM AS572 Grade 50 with a munimmm ultimate strength S, = 65 ksi. The tear out area of these plates bounds all

other areas under this load, hence.

The applied load: Fpiate = 3 Fupu = 219kip

Plate tear-out area with edge distance of 2.47 in.: Aplate = (15in)(247 in) = 3.71in?

The applied shear stress: F.,,:%:%.olui

Allowable shear force: Spiate = 0.6 X 5, = 39 ksi

The Margin of safety: Hs,h,=i%—1=o.30 OK
543 Stress on the Lower Tie-Down Post
The lower tie-down post is 6 x 6 x 8 tall, made from ASTM A514 with S, = 100 ksi.

The apphied load: Fpost = Fia = 437 kip

Post tear-out edge distance with 2.81 in dia. Hole: e=%=1.sm

The tear out area: AW‘=2(6e)=19.2in2

The applied shear stress: Fapp ——& 228 ksi

Allowable shear force: Splate = 0.6 X Sy = 60 ksi

The Margin of safety: us,,,:f,f;‘—1=1.sa OK
5.5 Other Evaluations
5.5.1 Critical Members Affected by the Lifting Load

Each upper tie-down mcludes two (2) liftmg lugs, shown in Figure 5-12. The lengths of the welds in the figure are
estimated based on the geometry of the hiftimg lug and the full-penetration callout note (Note 1) of the drawing.
Each lug includes a 3-4 UNC, 2B with a nunmmum thread engagement length 4 mches. A lifhng attachment such
as a swivel hoist nng with mumimum safety margin of 5 to 1 agamst working load lmut based on the lift pomnt load
shall be used Each lug wall carry 1/4 of the total load of 437 kip.

The welds are full penetration or equivalent m area where full penetration 15 not possible. Due to large penimeter
length of the welds the stress on thus weld group 15 bounded by the stress on the infernal threads. Thus analy=is
will be limited to the mternal thread of the Lift lug The appled load of 437 kap includes a five-times mmltipher,
as discussed in Section 5.3.3.2, to allow for the ANSI N14.6 load case for a2 non-cnitical hift case in addition to a
dynamic load factor 1.15.
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Figure 5-12: Lifting Lug
The matenal is a six-inch thick plate of ASTM A514 wath mimimum yield stress of 90 ks1 and a minimum
ultimate stress of 100 ksi. The allowable shear on the threads 1s based on yield The internal thread shear area is
calculated using formmlas for stress areas and lengths of engagement of screw threads found m the Machinery’s
Handbook [11] for the given thread engagement of 4 inches.

The lifting lug load: P = Fyay = 437 kip

Threads per mnch: n=4

Length of thread engagement- Le=40in

Minmmum major diameter of external thread: Dimin = 29730 in

Maximum pitch diameter of internal thread: Epmax = 2.8515in

Internal thread area: A, = 3.1416nL Dyrpin [;i,*‘ 0.57735(Dymin — Bw)] =29.2in?

Thread shear stress: t:f:ls.ﬂksi

The allowable Stress: Sy = 0.6x90ksi = S4ksi

Margin of Safety: Ms, =2 —1 = 26 OK
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5.5.2 Critical Members Affected by 7.5g Longitudinal Load
5.5.2.1 Loaded Cradile to the Railcar

The 7.5g tie-down load causes a shear load to the ratlcar that is resisted by the railcar cask shear keys on the deck
of the railcar and a moment on the four (4) inch pins at the connection pomts between the railcar and the cradle.

The shear force from the railcar shear key 1s reacted at the bottom by a 3-1/2 inch thick x 93 5 imches long plate at
the bottom of a bult-up I-beam. The moment, however, results in a vertical shear force on each pm which 15
evahliated mn [12] based on the bounding load from all Atlas cradle facmly conceptual designs.

55.2.2 Cask to Cradle

The 7.5g tie-down load (apphied m either longitudinal direchion) will be applied to the top of the shear key and
transferred to the box section supporting the shear key. Thus force is balanced by an equally large force from the
railcar attachments at the base of the box section. This creates a moment in the welds that attach the box section
to the main side beams of the cradle. Additionally, the shear key 1s subjected to bending and shear loads from
apphed load and the box section support loads. A free body diagram (FBD) of the cask shear key 15 shown m
Figure 5-13 and another FBD of the box section 15 shown 15 shown m Figure 5-14.

The shear key 15 a six (6) inches thick by 22 4 inches long by 23 3 nade with a taper on top to reduce the width no

less than 20 mmches. The shear key bears the entire cask load of 271.3 kips. The contact pomt on the shear key
from the cask is conservatively taken at the top end of the shear key.

MP187 max weight: Weasie = 271.3 kip

Shear key load: Fex = 7.5Waex = 2,035 kip
Shear key elevation: hy =22.4in

Box section height- dy = 165in

Shear key width: ¥« =233in

Shear key thickness: xx = 6.0in

Sum of Moments: IM; = hyFeg —diR; =0
Top plate reaction force: Rlzgfl’sg:z.?ﬁkip

Sum of forces: EF=Fgg+R,—R; =0
Bottom plate reachion force: R, =R, — Fegx = 728 kip
Maximum shear force: V=R, = 2,763 kip
Maximmum moment: M = (hy — d,)Fgg = 12.0 x 10% in — kip
Maximum stress distance: q:éxk=3.0in

Section area: Ay = wxy = 140 in®

Section moment of inertia: lg:ﬁﬁxi:!l'iin‘

Shear stress: =‘1t=19.7ksi

Allowable stress: Sp = 0.65,,5,4 = 54 ksi
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Margin of safety:
Bending stress:

Allowable stress:
Margin of safety:

MS == —1 = 174
Frey

o‘:"T:-'-z 86.0 ksi

5.1=51Asu=9°t5i

MS:%—I:0.0S

The margn of safety 15 pomtive showing that the sechon can support the apphed loads.

The shear key support box 1s intended to be mn contact with the railcar shear support block over its full length.
Thas results in a couple between the apphed load and the reaction force. The stresses m the shear key support
box are due to the torsional loading from the load applied from the package to the cradle weldment.

Shear key load:
Shear key elevation:

Shear key restraint height:
Shear key restraint beam width:
Shear key restramt beam wall thickness:
Shear key load arm length:
Shear load:
Vertical chord distance:
Horizontal chord distance:
Cross sectional area:
Moment of mertia x-x:

Moment of mertia z-z-

Polar Moment of mertia:

Honzontal torsional stress component:
Shear Stress:

Vertical torsional stress component:
Combines shear stress:
Allowable shear stress:

Feg = 2,035 kip

h, = 22.4in

d, =165in

b, =355in

te =3.5in

Ik =hy=224in

T =3hFsx = 2279 X 10%in - kip

V = Fgg = 2,035 kip

c,:éd, =8.25in

= ibk =17.75in

A = dyby — (dy — 2t3)(by — 2t3) = 315.0in?
e = 75 [bwd} — (o — 26)(dy — 2)°]
I = 11.25 x 10%n*

Tex = 35 (A} — (0 — 26000y — 26°]
Iz = 43.19 x 10%in*

] = I + I;; = 5444 x 10°n*

4 =Th=345ksi

U
x

l=

= 6.46 ksi

i3]

= {(r,ﬂ-:)! +o’ =124 ksi

Sa = 0.65ya572 = 30 ksi

7.43 ksi

A
]

_|;' >

[}
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Margin of safety: Ms=‘—:—1=1.42

The margn of safety is positive showing that the section can support the apphied load. The mummum weld size
mg the shear key restramt should have an effective throat of 1 1/2-inches. Since the load path 15 from the

shear key directly through the shear key support box to the railcar structure these loads will only be seen if the

railcar support 15 unconnected. The calculation below demonstrates that this size of weld will support the loads.

Effective throat- t, = L5in
Cross sectional area: A = dypby — (dy — 2t )(by — 2t,,) = 147 in®
Moment of inertia x-x- Loy = o [bdi — (by — 28, )(dy — 2¢,)°]
Iy = 6.626 x 10%in*
Moment of inertia z-z- I =';'l;[dl:bi = (dy — 2, )(by — 2¢,)°]
Iz = 22.90 x 10%in*
Polar moment of inertia: ] = Ix + Iy = 29.53 x 10%in*
Distance to maximum stress point: r=JZ+c =1957in
Torsional shear stress: -::%:15.11151
Allowable shear stress: S = 0.68y57; = 30 ksi
Margin of safety: Ms=2A-1=099
Fe i
* - R \ Yk
' o\ ' o !
! = T -1 X~
Ry SECTION X-X

Figure 5-13: Cask and Cradle Shear Key
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Figure 5-14: Longitudinal Load on Cask Shear Key
553 Critical Members Affected by 2g Lateral Tie-Down Load
5.5.3.1 Loaded Cradle to the Railcar

The lateral load to railcar is resisted by the railcar lugs evahuated in [12].

5.5.3.2 Cask to Cradle

The 2g tie-down load m either lateral direction 1s not resisted by the center shear key rather it 15 resasted by tie-
downs. However, the stresses on the pin connection members between the upper and the lower tie-downs are
bounded by those determined in Section 5.3.

5.5.4 Critical Members Affected by 2g Vertical Tie-Down Load

5.5.4.1 Loaded Cradle to the Railcar
The vertical load to railcar 1s resisted by the railcar pins evaluated m [12].
55.4.2 Cask to Cradle

The 2g tie-down vertical load 15 resisted by the pin at inferface between the upper and the lower tie-downs. The
upper tie-down structure prevents the package from nsing vertically from the cradle. This cannot occur dunng
hfting. Bending stresses in the upper tie-down only occur when they are resisting the upward loads. The 364 kip
from Section 5.3.1 seen at the pin connection due to the 7.5g longrtudinal load case is the bounding load.
There 15 one primary area of concern for hugh stresses. It is where the tie-down transitions from the solid cross-
section to the lower boxed section A-A shown in Figure 5-15. Since the support at the tie-down due to the cask
separates at approxmmately 37° up from the center of the cask the load can be applied to the section from here
Thas section may be seen as a canhlever beam Figure 5-16 shows the cross Section A-A_
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Figure 5-15: Bounding Load on Upper Tie-Down
_L 3 1.0 =¥ p—
v I
Q 7.25
' |
— 813 —u] T
1.5
Figure 5-16: Load on the Box Section A-A
Vertical load: P, = 364 kip
Lateral load: P, = (F,)tan(37%) = 274 kip
Moment: M = F, (21.8in)-F, (128in) = 1314 in-kip
Outer area: A, = (7.25in+ 1.5in)(8.13in) = 7L14in®
Inner void area: A; = —(6.00in)(6.13in) = —38.31in*

Heaght of section: h = 15in + 7.25in = 8.75in
Centroad of outer area: Y, =;’h= 4.38in

Centroid of void: Y, :%(6.00in)+1.5in=4.63in
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Centroid of section: ?:m"'m=4~.09in

LA
Stress point: ¢ = max(Y,h—Y) = 466in
Section MOI: 1= 1—‘2(13.13 in)(8.75in)® + (71.14in*)(4.38 in — 4.09in)* —

-:;(6.13 in)(6.25in)* + (—38.31in?)(4.63 in — 4.09in)? = 323.97 in*

Bending stress: Sp =#= 18.9 ksi
Allowable stress S; = 50ksi
Margin of Safety: MS =§E —1 = 165 OK

6.0 RESULTS/CONCLUSIONS

The Atlas Railcar Family 4 Cradle conceptual design has been structurally evaluated mn this document. As the
result of this evaluation, it 1s found that the design 15 structurally sound and 1t can withstand all the apphed loads.
In this document. only the weakest failure modes in the load paths were identified and analyzed. A more detailed
structural evaluation will be required for a comprehensive calculation package should fabnication of this cradle
assembly be necessary. According to the above evaluahions, the least margin of safety found 1= +0.05 from
Section 5.5.2.2. The methods used for the allowable stresses are from ANSI N14.6 [7] for lifaing and to yield
stress of the matenals for all others. Note that a four (4) point vertical hft must be used when hifting the entire
loaded cradle.

The weight and CG for the package and cradle can be found in Table 4 1. The railcar reaction forces are found in
Table 5-1.
6.1 Results of Applicable Literature Searches and Other Applicable Background Data

None.
7.0 COMPUTER SOFTWARE USAGE

741 Non-Engineering Application Software

Computer software was limited to use of Microsoft Excel. The computation was ran usmg Microsoft Excel
version 14.0.7165.5000 (32-bit) on a Lenovo Think Station Model S30, labeled DWICK]1 .adom ad corp, mnning
Wmmdows 7 Enterprise with service pack | mstalled The one file was generated for thas calculation to calculate
the cradle weights and the vertical location of the center of gravity is listed in Table 7-1.

Table 7-1: Computer File Listing
Filename Description Date and Time Size
CALC-3015136-001A xlsx | Weight and CG Spreadsheet | 27282016845 PM | 87kB

Page D.2-30 February 2, 2018



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

CALC-3015136-001

Page 30 of 32

A AREVA Federal Services LLC

AREVA Title: Atlas Railcar Family 4 Conceptual Cradle Structural Calculation
DocJRev.: CALC-3015136-001
Project: D0225.03.0050 - DOE Atlas Railcar Page 30 of 32

o

NAaMmbW

10.
11
12.

REFERENCES

Department of Energy: Contract DE-NE0008390, Part 1, Section C, Statement of Work
EIR-3014611-007, Design Basis Requirement Document (DBRD) for the DOE ATLAS Railcar Project,
AREVA Federal Services LLC

DWG-3015140-001: Atlas Railcar Cradle Family 4 Conceptual Drawing, AREVA Federal Services LLC
DWG-3015278-002, Atlas Railcar Cradle Attachment Components, AREVA Federal Services LLC
American Institute of Steel Construction Inc., (AISC): Steel Construction Manual, 13th edihion
NUHOMS® -MPI87 Multi-Purpose Cask: Sqfety Analysis Report, Rev. 17, Docket 71-9255
American National Standard Institate (ANSI N14.6-1993), Special Lifting Devices for Shipping
Containers weighing 10 000 Pounds (4500 kg) or More

AFS Document Number CALC-3015135, Arlas Railcar Family 3 Conceptual Cradle Structural
Calculation

CMAA Specification No. 70-2004, Specifications for Top Rumning Bridge & Gantry Type Multiple
Girder Electric Overhead Traveling Cranes, Crane Manufacturers Association of Amernica, Inc.,
Charlotte , NC

ASTM International Standards: Annual Book of ASTM Standards, 2012

Oberg, Enk et al. Machinery’s Handbook, 26th Edition, Industnal Press Inc_, New York NY, 2008
AFS Document Number CALC-3015276: Atlas Railcar Cradle Attachment Structural and Combined
Center of Gravity Calculation

Page D.2-31

February 2, 2018



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

CALC-3015136-001
Page 31 of 32

A AREVA Federal Services LLC

AREVA Title: Atlas Railcar Family 4 Conceptual Cradle Structural Calculation
Doc./Rev.: CALC-3015136-001
Project:  00225.03.0050 - DOE Atlas Railcar Page 31 of 32

APPENDIX A: WEIGHT AND CG CALCULATIONS

A1 Cradle Assembly Weight and CG Calc
Component ary/ xlength ylength zlength  varl var2 area  volume  density mass mass dy ¥ veg M NOTES
assy {in) {in) (in) (in) {in) (in*2)  (in"3)  (Ibfin~3) (Ib) {ton) {in) (in) {in) (in*lb)
Cradle 1 324744 163 28.5 925909
1 Base Skid (Cradie Base) 1 15407.8 89 138651
A WI1B«119Beam Weldment (Main Side 2 55296 a5 52531
Beams)
1 Skid Base I-Beam (item 2) 2 13 0.0 1355 351 95121 0.283 2687.4 oo 9.5 9.5 25530 AISC Steel Const. Manual [3]for x , v lengths and area
2 skid -Beam Closed Plate (item 1) 4 10 169 1355 91400 0284 25083 106 84 as 24684 dy = W1Bx119flange thickness
3 End Cap(tem 1) 4 113 19.0 10 8588 0284 2439 00 95 95 2317
B. Shear Keyand Suppart Weldment (Bax 1 i 89758 i 85 76674
Weldment)
15hearKey (tem &) 1 53 24 &0 31515 0284 889.3 oo 12 112 9960 simplified geometry
2 Top Plate (item 5) 1 - 31603 " 148" 46614
0. Body 1 335 350 355 116174 0254 3295.3 130 18 148 48565
b, Slot -1 23320 35 80 -4585.3 0284 -138.0 130 18 148 2050
3 Side Plate (tem 5) 2 935 a5 35 6217.8 0284 1765.9 35 48 83 14569
4 Bottom Plate (item 5 1 T sw03 " 18" 5531
a.  Body 1 535 350 355 116174 0284 32993 ag 18 18 5774
b slot -1 232 35 &0 4893 0284 -139.0 a0 18 18 -243
€.  WI16«57 Beam (ltem 24) 2 712 164 35 168 31416 0283 BE83 oo 82 82 7284 AISCSteel Const. Manual [3] for x , y lengths and area
|D.__ Personnel BarrierAttachment Bracket 4 30 45 30 035 28 455 0284 141 138 =23 116 162 varl =wall thickness
2 Saddle Support Gusset Weldment (Lower L] 1460.3 353 51508
A Gusset Plate [ltem1) 8 1354.7 353 47810
| 1 Bady 8 10 30.0 305 73200 0284 20789 190 1525 3435 71202
2 Champh & 10 5.0 55 " 25500 0284 -7242 240 167 323 -23392
B. EndPlate (tem1) 4 a3 5.0 1.0 1860  0.284 528 19.0 2.5 215 1136
C. TopPlate (item1) 4 9.3 L0 50 186.0 0.284 528 43.0 -0.5 485 2562
3 Saddle Weldment (Lower Tie-Down) 2 8994.7 203 182913
4 62113 205 127154
4 1160 47.3 20 54368 438044 0284 12466.0 10 237 247 307287 See Detail calc aside
2 Saddle Cutout -4 20 20830 -16263.7 0284 -4518.9 10 345 355 -163775 See Detail calc aside
3 Rail Cutout -4 200 18.0 20 7200 -5760.0 0284 -1635.8 10 9.0 100 -16358 See Detail calc aside
B. Radial Plate (item 1) ’ 1185 10 200 70.4 18966 0284 5386 17.3 1.4 87 15432 vari =arclength of plate in radians
C. Battom Horizontal Plate (tem 1) 3 76.0 L0 1450 2040 0284 6259 0.0 Q.50 as 313
D. Second Up Horizontal Plates | em 6) 2 760 15 40 o120 0284 255.0 148 075 155 4015 Conservatively allow for Ogap between this plate and radial pl
E. Third Up Horizontal Mates (Item &) 4 419 15 40 1006.6 0.284 2859 19.0 L] 198 5646
F. Fourth UpHorizontal Plates (Item 1) 4 19.0 1.0 4.0 3.0 0284 B3 354 0.50 359 3099 Length is conservatively longer, but insignificantly so
G. TopHorizontal Plate (item 6) 4 126 15 40 3012 0284 855 468 o8 476 4068
H.  Bottom Vertical Plate (Item &) 2 15 13.8 40 165.0 0.284 469 1.0 6.9 79 360
I Battom Outer vertica Plate (item 1) 4 1.0 19.0 202 15314 0284 434.9 0.0 as a5 4132
1. Inner Vertical Plates (item 1) 4 1.0 14.9 40 2384 0284 67.7 05 7.5 280 1892
K. Outer Vertical Plates (Item 1) 4 10 14.9 4.0 238.4 0.284 67.7 205 7.5 8.0 1892
L Square Post (item 10} 4 - 2849 " s2a” 14900
1 Body 4 60 80 60 11520 0284 327.2 a3 40 523 mn
2 Hole -4 60 281 281 -1488 0284 -423 483 40 523 -2
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Component ary/ xlength ylength zlength varl varz area  volume density mass mass dy Y g Yeg M NOTES
a5y, in] in in in i, in® Ib, Ib| ton| n, in i in*lb
|M. _ Radial Pad (1tem9) 2 0.0 0 Negligible Weight (assigned to zero)
4 Built-up Angle (Item 1 4 173.2 45.5 7874
A longleg 4 15 80 813 390.2 0284 1108 483 -4.0 M3 4910
B. Shortleg 4 45 15 813 2185 0.284 623 483 0.8 47.6 564
S Saddle Tie-Down Assembly (Upper Tie- 2 4504.6 781 351712
A Saddle Tie-Down 2 3790.8 BO.S 305050
1 Radius Plate (tem 17) 2 B56.2 BR0 75312
@, Main Plate 2 482 10 &13 5585 1024 G758 15896 0284 4515 545 395 13 47104 varl = angle theta, var2 =angle theta (radians)
b, Transition Plate 4 81 152 B13 17.73 10 77 5766 0284 1637 526 =76 B20 13426 vor 1 =length, var2= thickness
e End Plate 4 1o 21 813 261 8454 02584 2410 453 130 613 14782
2 Circular Segment Face Plates(item 4 1050.7 903 4855
o,  Main Plote 4 5450 625 100 5865 1024 6574 26296 0254 7468 645 Erird 122 76329 vorl = ongle thetg vor2 =ongle theto (rodians)
b.  End Sector Dog Ears (approx | & 73 i3 100 3135 as 1s 852 0284 270 836 11 ;07 2451 varl=angle theta var2 =angle theta (rodians)
c.  Bottom Foce Plate g 63 185 100 1219 975.0 0284 276.9 4583 a8 81 18074
3 Lifting Point Block 4 1847.0 720 132951
lo.  Main Plate 4 151 152 813 60 1605 52176 0284 14518 --1 =174 722 106588 varl=
b End Plate 4 (2] 66 813 385 12858 0254 365.2 67.8 EE] 711 25562
4 Rectangular Segment Face Plates 4 813 80 05 5.0 1301 0.284 369 483 40 523 1932
B. Neoprene 2 o0 0.0 0.0 0.0 0 MNegligibl e Weight (assigned to zero)
C. Outer SupportPlate (Item 16) 4 6553 664 43527
| 1longleg 4 15 413 813 20146 0284 5722 433 207 6.0 35450
2 Short Le 4 &0 15 8.13 292.7 0.284 831 483 0.8 491 4077
D.  Pins(item 19) 4 05 25 25 206.2 0.284 586 523 13 536 3135
6 Personnel Barrier 1 1933.3 1010 195251
A Side Panels 2 A6L5 565 26055
1Tube, Vertical, Ends(item 22) 4 20 79.2 20 0.5 0938 2597.0 0.284 843 138 3.6 534 4504 varl =wall thickness
2 Tube, Vertical, Center(item 22) 2 20 752 20 ons 0938 1410 0284 400 158 376 534 2138 varl =wall thickness
3 tube, Bottom | tem 22) 2 20 20 1165 ons 0938 2184 0283 620 138 10 148 918 varl =wal| thickness
4 Tube, Top (ftem 22) 2 20 20 1165 05 os38 218.4 0284 620 91 10 3 5707 varl =wall thickness
5 Boss, Pin 4 0 3.8 20 0.8 0.284 173 138 =15 15 205
6 Boss, Swivel Hoist Ring 4 20 20 20 20 0284 91 9325 100 425 857
7 Swive| Hoist Rings 4 400 95.25 20 97.25 3890 assume 10 kb each
B Side Scresn Mach, 50% open 4 57.25 75.2 0.06 4305.2 516.6 0.284 1467 158 37.6 53.4 7835 assum O.6-inch thick
B. SunShade 1 14723 1145 165196
1 Main Panel 1 1279 025 1205 1l 38528 0.284 10942 45 714 1164 127358 var 1= arclength of panel in radians
2 End Pane| 2 7.7 025 755 483 18395 868.7 0284 2754 1128 3s 167 32126 varl = outer radius, var2= inner radius (cente red on cask axis),
use cg at ave vertical radius position of plate
3 Side Panel 2 027 948 9712
. Top 2 4m axs 1205 2410 0284 BE4 &= -01 =) [ =3
b, Side 2 (-¥-] 200 1205 1205 0284 M2 £ =10 S0 3217

+  Details of the weight calculation can be found 1n the Excel worksheet “CALC-301536-001 A.xIsx™ that accompanies this calculation.

¢ Dimensions, material properties, and quantities of cradle components are based on the conceptual design drawing [3].
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