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1.0 PURPOSE

1.1 Project Background

The United States Department of Energy (DOE) is laying the groundwork for implementing an
integrated nuclear waste management system This includes preparing for future large-scale transport of
spent nuclear fuel (SNF) and high-level radioactive waste (HLW); since transport will be a

component of any integrated nuclear waste management system. With this project the DOE wall provide
for the transportation of SNF and HLW by means of a specific railcar to carry SNF and HLW packages.

As part of this project, DOE has contracted with AREVA Federal Services (AFS) to design a single
standardized railcar tie-down interface, and transport package cradle concepts for the 17 HLW transport
packages (herein referred to as “packages™) listed in Attachment A of the Statement of Work [1].

1.2 Calculation Introduction
Thus calculation provides the preliminary structural evaluation for a ballast utilized with the Atlas
Railcar as a proof-of-concept. These preliminary structural evaluations include the following:
* Railcar interface structural loads from the AAR Rule 88 A16c(3) per DBRD Section 2.2.2(13)
[5] accelerations (see Section 5.1).

» Stresses in the primary structural members and associated welds in accordance with AAR Rule
88 A16c(3) accelerations (see Section 5.2).

» Lifting load — The load will be distributed equally between the two (2) Lifting points in
accordance with DBRD Section 2.2.3(8) [5]. The stresses resulting from the applied loads will
then be compared to the allowable yield stresses of the components in accordance with ANSI
N14.6 for a non-cntical ift [4]. A dynamic load factor will be applied to all Lift loads in
accordance with Section 2 2 3(8) of the DBRD [5]. See Section 5.3 for lifting evaluation.

o Weight and center-of-gravity (cg) estimations (see Appendix A).
The railcar tie-down interface (including attachment pins) is detailed in drawing [2] and is analyzed in
calculation [3] for the maximum interface structural loads calculated.

1.3 Atlas Railcar Ballast Load Design Description

In accordance with the DBRD Section 2.2.1(15) [5] and preliminary dynamic modeling analysis, the
Atlas Railcar will require additional mass to be able to be transported without a cask/cradle loading
(munimum load condition). The required total additional mass or “Ballast Load™ is estimated to be
200,000 Ibs. +/- 10,000 Ibs. per DBRD Section 2.2.3 (1a) [5].

The Ballast I oad was designed to interface with the outer attachment pin blocks of the Atlas Railcar and
constructed from modular sections or weldments weighing 40,000 Ibs. +/- 2,000 Ibs. each. This is to
ensure legal weight transport by truck on public roadways per DBRD Section 2.2.3 (5) [5]. Therefore,
the size and weight of the Ballast  oad was designed to comply with the United States Laws and Federal
Regulations for highway transportation [13]. The Ballast Load has to be modular and weigh an
approximate maximum weight of 42,000 Ibs. See Figure 1-1 and Figure 1-2 for Atlas Railcar Ballast
Load assembly conceptual design and design features.
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Figure 1-1: Atlas Railcar Ballast Load Concept Assembly

The Ballast Load concept has two (2) different weldment designs, a total of four (4) main weldment
mmwmmymom Ibs. each. and two (2) top weldments weighing approximately

The Ballast I oad is designed to be transported by truck (if necessary) in five or more loads. The ballast
Suggati;:sfmshodngmdﬁe-downofﬁewddnmmmmﬁmmdmm
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Figure 1-2: Atlas Railcar Ballast Load Assembly and Attachments (Section A-A from Fig. 1-1)

The Ballast I oad assembly consists of the features and components described in Table 1-1, Table 1-2,
and shown in Figure 1-3.

Table 1-1: Main Weldment Ballast Load Component Description and Features
Calculated L W o 2
Weight @) | @) # Description/ Purpose
357 Plates | 106 | 48 | 7 | Plates are used for weight.
~40.1Kipsper | 2.5"Plate | 85 48 |1 | Plate used for weight.
o 257 Plates | 64 | 15.5 |2 | Railcar ballast load attachments.

Component

(4 Total)
Lifting pad-eyes for main Weldment,
L 15"Plate | 68 | 418 |1 |lateral restraint for top weldment. and
vertical restraint for top weldment.
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Table 1-2: Top Weldment Ballast Load Component Description and Features

Calculated L | W e
Weight Component @) | Gn) # Description/ Purpose
357 Plates | 106 | 48 | 3 | Plates are used for weight.
~200Kipsper | 25"Plate | 106 | 48 | 1 |Plate used for weight
weldment = E
(@ Total) 257 Plate 15 | 48 | 1 | Top plate used for weight.
(Ref App.A) | 257 Plates | 10 | 48 | 2 | Shear plates used as longitudinal restramt.
15"Plates | 8 | 15.6 | 2 | Lifting pad-eyes for Top Weldment

The four (4) main weldments and the two (2) top weldments are constructed from ASTM A588 material
[6]. All Ballast Load Assembly weldments need to be restrained for the loading requirements as stated in
the DBRD Section 2.2.3(10) [5]. The main weldment attaches to the Atlas Railcar pin blocks which
restrain the Ballast Load in all directions. The top weldment sits on top of the main weldments as shown
m Figures 1-2 and 1-3. The top weldment shear plates restram the top weldment from longitudmal
movement on the lateral (Y) direction. In addition, the tie-down weldments (4 total) are used to restrain
the top weldment from vertical (Z) movement during transportation Lastly, locking pins (Ref. [8] Item
No. 94975A488) on the tie-down weldments are used to restrain the tie-down weldments from

‘11"6 =il M,

{TAH [ B
ol TS T AL AN 1

LS LY S e B | R i D

i e O )

LTI ik i N A

CHPIE e S ' ORI S Py
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Figure 1-3: Ballast Load Assembly Components
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20 METHODOLOGY
Thus calculation uses first principle manual calculations to evaluate/size the primary structural members
on the Atlas Railcar Ballast I oad Assembly. The Ballast structural components and welds are sized such
that the minimum margin of safety is +.20 to the material yield strength for the AAR loadings (see
Section 4.2).
Thus calculation evaluates the conceptual design described in drawing [12]. Additional design detail is
asserted in this calculation using figures since this is a structural sizing calculation for a conceptual
design.
ANSINI14.6 [4].
Stress allowables are defined where they are used, and the defimtion of “margin of safety” (MS) used
herem 1s:

stress allowable

e calculated stress 1

3.0 ASSUMPTIONS

31 Unverified Inputs and Assumptions
There are no unvernified inputs or assumptions in this conceptual sizing calculation.
3.2 Justified Assumptions

1. Weld metal is conservatively assumed to have at least the strength of the adjoming base metal
2. This calculation only considers nominal dimensions since this is only conceptual sizing.
4.0 DESIGN INPUTS

41 Conceptual Design Geometry
The conceptual ballast load design geometry is presented in figures located in Section 5.0 with the
4.2 Design Loads
According to AAR Rule 88 A16¢(3) the tie-down system for any payload carrying HLW on a railroad
must not exceed the matenal yield strength when undergomg the following accelerations individually
(see Section 2.2.2(13) and Section 2.5 of the Design Basis Requirements Document [5]:

* ay = *7.5g longitudmal

. a,:inguﬁcal

* ay, = +2g lateral
All analyses herein shall only apply the inertial loads above and neglect the effects of gravity as
described i the DBRD Section 2.5(4) [5].
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43 Material Properties

The following materials are conceptually used on the Atlas Ballast Load Assembly. The density of
carbon steel used for all weight estimates herein is 0.284 Ib/in’ per Table 17-12 of [9]. Weld metal is
conservatively assumed to have at least the strength of the adjoining base metal. The matenal strength

properties for the matenals specified in drawing [12] are shown in Table 4-1.
Table 4-1: Material Properties

Material Yield Strength (ksi) | Tensile Strength (ksi)

ASTM AS88 [6] 50 70

Note(s): (1) Alternate matenal having the same chemical composition with mechanical properties
equal to or greater than those specified may be used with the approval of the design
authonty.

A temperature range of 0°F to 100°F is used for material properties for the proof-of-concept

calculations herein as specified in Section 2.5.8 of the DBRD [3]. The material properties at 100° F are

the same as the matenal properties at room temperature as specified in ASTM E8-04, Sect. 1.1 (Note 4)

of [14] “room temperature shall be considered to be 50°F to 100° F unless otherwise specified ™ Other

matenals could be used that have similar properties in the final design as desired.

44 Atlas Ballast Load Weights and C.G.’s
The following table contains all of the calculated Ballast Load Assembly design mputs:
Table 4-2: Atlas Ballast Load Assembly Weights and C.G.

Calculated Calculated Calculated

Assembly/Weldment Weights and C.G. Value ™9 | Value-10% | Value + 10%
Total Ballast Load ™®*% Max_ gross weight (W) 200.5 kips 1805 220.60 kips
One Assembly™™® Max_gross weight (Wj) 100.2 kips 90.2 110.2 kips
Main Weldment Max Gross Weight (Wieax) 40.1 kips 36.1 44.1 kips
Top Weldment Max Gross Weight (Wrop) 20.0 kips 18 22.0 kips
Ballast Load Assembly C.G. from bottom of Ballast .

e and 1 top weld ) 3242in. N/A N/A
Main Weldment C.G. from bottom of Ballast assembly 28.28in. N/A N/A
Top Weldment C.G. from bottom of Ballast assembly 4895in N/A N/A

Notefs): Note 1: Reference Appendix A for component calculated weights and C.G.’s. Excel was only used as a
comparison tool, all calculated weights where checked by a handheld calculator.
Note 2: One ballast assembly consists of two (2) main weldments and one (1) top weldment.
Note 3: Total ballast assembly consists of four (4) main weldments and two (2) top weldments.
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5.0 CALCULATIONS

51 Loads Applied to the Atlas Railcar Interface

This section calculates the loads on the Atlas railcar and the Ballast Load Assembly interface from the
mertial loads described in Section 4.2. There are four pimned locations per Main Ballast weldment with a
total of eight pinned locations per assembly. The C.G is dimensioned in reference to the pinned locations
as show m Figure 5-1 using C.G. values from Table 4-2.

CGassemsry = 3242 in.—7.50 in.= 24.92 in.
CGrary = 28.28 in.—7.50 in. = 20.78 in.
CGrop = 48.95 in.—7.50 in.= 41.45 in.
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Figure 5-1: Longitudinal Loading (Side View)
The following equations are developed using basic principles. Four of the pinned locations are
conservatively assumed to take the horizontal reaction, Ryy». The moments from the loads and reactions
are summed where the Ballast Load contacts on the PIN2A location (see drawing [12]).

D B = Fixa + (4 pins)(Rxxz) = 0
Fo5 = Wg(a,) = 110.2 X (7.5) = 826.5 kips

Z Mgers = —Fyp(24.92) — (4 pins)(Rxz:)(48) = 0

Z Fz = (4 pins)Ryz, + (4 pins)Ryzs = 0

Page J.2-12 February 2, 2018



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

CALC-3018054-001

Page 12 of 20
A AREVA Federal Services LLC
AREVA Title: Aflas Railcar Conceptual Ballast Load Structural Calculation
Doc/Rev.: CALC-3018954-001
Project: 0022503.0050 - DOE Atlas Railcar Page 12 of 29

where, W5 is half the total Ballast Load weight on the Railcar from Table 4-2, a, is the longitudinal load
from Section 4.2, Rxz & Rxz are the vertical reaction loads at each pmned location, and Rxoo 1s the
honzontal reaction load at PIN2A.

The weight and center of gravity (cg) inputs for the Ballast I oad Assembly and Weldments are
summarized in Table 4-2.

The reaction loads on the Atlas Railcar ballast pinned locations due to the +7.5g Longitudinal Loading
are summanzed in Table 5-1. Note: The direction of the reactions may be positive or negative depending
on the direction of the loads applied.

Table 5-1: Railcar Interface Loading from +7.5g Longitudinal Load
Reactions Values @ each pinned location

Rz, (kips) 107
Rxz(kips) 107
Ryya(kips) 207

The vertical loads are assumed to be umiformly distnbuted over four pmned locations mstead of eight
(conservative). This simplification is appropriate because the Ballast Load design is symmetrical in the
(X) and (Y) direction. The combined C.G. is only offset from the center in the vertical (Z) direction (see
Table 4-2). In addition. the loads will be calculated treating the assembly as a rigid body for

T Eid

',: |
al —— —
&5 —— Ran Rz
1 S— —_— —
(%]
-.‘ = . | | #
) ;" n.‘
7 i
Pl 214z
N P NIA
25.20 25.70 25 20

Figure 5-2: Vertical Loading (Front View)
The vertical reaction load at each pinned location (R, ) under this case is:
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Fzp = Wy(ay) = 110.2 X (2) = 2204 kips
Rzzy = Rzzy = Fzp/4 pins

The vertical reaction loads using the weight values from Table 4-2 and the vertical accelerations from
Section 4.2 are presented in Table 5-2. Note: The direction of the reactions may be positive or negative
depending on the direction of the loads applied.

Table 5-2: Railcar Interface Loading from +2g Vertical Load
Reactions Values @ each pinned location

Rz, (kips) 55
Rzz(kips) 55

The lateral loads are reacted by the pin retainer blocks as shown in Figure 5-3. The tipping moment
created by the vertical offset of the cg to the lateral reactions, Ryz & Ryz, is reacted by the two pmned
locations furthest away from the pivot edge as shown m Figure 5-3.

TE DY/ H WELDAMEN" '<X) TOP W ELDMENT
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Fyroe
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\\. (
|
L}

C.G 1OF

C.C.MAIN

Rvza Ryzs Ryzz Ryn

Figure 5-3: Lateral Load Free Body Diagram (Front View)

The pin retainer block reactions due to Lateral loading will be calculated by treating the 3 ballasts as
separate masses. The top ballast will contribute to 1 of the main ballast pin reactions. The reactions
Ryv2, Ryzs, and Ryzs will not be calculated since the resulting reactions from one Main and Top
weldments are bounding. The weldment weights and C.G.’s from Table 4-2 including the Lateral
loading from Section 4.2 are as follows:
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Wyn = 44.1 kips
Wrop = 22.0 kips
CGygary = 28.28 in.—7.50 in. = 20.78 in.
CGrpp = 4895 in.—7.50 in.= 4145 in.
The equations to solve for the lateral reaction loads, Ryy,, including the Lateral loading from Section 4.2
is as follows:
Fys = (Waav + Wrop) X (ay) = 132.2 kips

ZFy = Fyg + (2 pinholes)Ryy; = 0

Z Mgyza = (Wpguy X ay)(20.78) + (Wrgp X ay)(41.45) + (2 pinholes)(Ryz,)(25.

The vertical pin reactions due to the lateral load, Ryz: & Ryz, are calculated using the following
equation:
ZFz:Ryz;'!'Rm:O

Using the values in Table 4-2 the results are summarized in Table 5-3. Note: The direction of the
reactions may be positive or negative depending on the direction of the loads applied.

Table 5-3: Railcar Interface Loading from +2g Lateral Load

Reactions (@ each pinned Lateral Reaction @ 1 pin
Reactions location block
Ry, (kips) 73 N/A
Ryz2(kips) -13 N/A

The maximum loads applied to the railcar interface are summarized in Section 6.1.
5.2 Structural Member and Weld Stress
The cnitical components that will be analyzed on the Ballast Load Assembly per drawing [12] are:
* Main Weldment (Ttem A2 of [12]) pin interface attachment plates (rails) for all interface design
loads (see Section 5.2.1).
* Main Weldment lifting 1.5” thick plate for lateral (2g) loading from Top Weldment during
transport (see Section 3.2.2).
* Mam Weldments hfting pad eyes for vertical loading (2g) of Top Weldment restramnt during
transport including the tie-down weldment stresses (see Section 5.2.2).
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« Top Weldment (Ttem A3 of [12]) shear plates for Longitudinal (7.5g) loads during transport (see
Section 5.2.3).

Other members/loadings are not considered to be relevant to the current proof-of-concept phase of the
project.
5.21 Main Weldment - Attachment Rails Structural Evaluation

The Main Weldment rails restrain the Ballast Load Assembly in all directions and are the interface for
attaching the Ballast Load Assembly to the Atlas Railcar pins (as described in Section 1.3 and shown in

Fig. 1-2):
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Figure 54: Main Weldment Attachment Plates (Rails)

Longitudinal and Vertical Loads on Ballast Load Attachment Plates
The maximum longitudinal load on each pin hole is Rxoo and vertical load is Ry from Section 5.1:
Ryxz = 207 kips
Rxz» = 107 kips
The areas for shear and bearing of the plate along the longitudinal direction () are calculated The
minimum shear area for the rail is from center of hole to edge of plate (8 inches) ref. Figure 5-4. The
bearing stress is calculated using the pin diameter of 4 inches from DWG. [2] (Item 16) and the plate
thickness of 2.5 inches:

4.13 in.
Aghoar—rail_x = 2 planes x (8 —( - )) X 2.5in.= 29.68in.2

Apearing-rail-x = 4 in.X 2.5in.= 10 in2
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The areas for shear and bearing of the plate along the vertical direction (Z) are calculated The mininmum
shear area for the rail is from the center of hole to the bottom edge of plate (7.50 inches) ref. Figure 5-4:

413 in. _ _
Ashear—railz = 2 planes X (7.50 —( - )) X 2.5in. = 27.18in.2

Apearing—rail-z = 4 in.X 2.5in.= 10 in.?
The beanng stress on the pin holes for both the longitudinal and vertical loads will be calculated due to
the stress area being considerably less:
Rpearing-rail-xz = Rmz + Rmz = 233 kips

_ 233 kips _ ST
Odearing-rail-xr = g T — 23 kot

The minimum margin of safety using matenal properties for ASTM A588 for bearing stress on the pin
holes 1s:

ThemmnnlondsonuchpmhnleueRm(ng:mdml) Ryz (Vertical), and Ryy,; (I.aluai)ﬁ'om
Section 5.1:

Ryys = 207 kips
Ryz, = 107 kips

The loads are applied individually on each of the three (XYZ) directions. The Vertical (Z) load is
negligible compared to the Lateral (Y) and Longitudinal (X) loads on the weld.

The %:" fillet weld on the attachment plate geometry is as follows:

b = 64 in. (Weld length)

d = 2.5 in. (Center distance of welds from 2.5” thick plate)

h = 0.5 in. (Weld Size)
The effective weld area for the all-around ;" fillet weld from Table 9-2, Case 6 of [10] is:

Ayeld—rail = 1.414h(b + d) = 47.0 in.?
The moment on the weld due to railcar pin attachment Lateral (Y) reaction is:
Mweld—rail-y = 66 kips X 2 X 8in = 1056 kip — in
The moment on the welds (4 weld groups) due to the Longitudinal (X) reaction from Section 5.1 and
Figure 5-1is:
Fys = Wg(ax) = 110.2 X (7.5) = 826.5 kips
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Miyeid—railx = 826.5 kips X (24.92in — 8in) = 13,984 kip — in

The central axis of the weld geometry due to bending in the Lateral (Y) and Longitudinal (X) directions

1s:
2.5 in. 2
Cy = = 125in.
64 in. )
Cxy = T 32in.

The unit second moment of inertia Iy_y and Iy_y and moment of inertia Irqi1_y and Irqij—x for the weld
from Table 9-2 and Section 9-4 of [10] are:

2.5% .
Iyy =——(3(64) +25) = 202.6in?

Irgit—y = 0.707hly = 72 in*
642
Iy_x = 4plates x (- (3(25) +64) = 195,243in?

Irgil—x = 0.707hI,; = 69,018 in*
The resulting shear bending stresses on the weld in the Lateral (Y) and Longitudinal (X) directions are:
1056 kip — in X 1.25in

Uweld—rail-y = 728 = 18.33 ksi
13,984 kip — in X 32in .
Fweld-rail-x = 69,018ins =
The resulting shear stresses on the weld in the Lateral (Y) and Longitudinal (X) directions are:
66 kip x 2
" weld—rail-y = _47fm.z_ = 2.81 ksi
207 kips

f"m_mﬂ_".:m: 4\.40 kSi
The combined shear stresses on the weld in the Lateral (Y) and Longitudinal (X) directions are:

2 2 =
Ryeld—rail-y = J Tweld—rail-y + 7 weld—rail-y = 18.54 ksi

Ruweld-rail—x = j Vweld-rail-x + 7"weld-rail-x = 7.83 ksi
The minimum margin of safety will be on the Lateral (Y) direction:
(0.6 X 50)

1854 1=+0.62

MSweld—rail-x =
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522 Main Weldment Lifting Plate Evaluation

The hifting plate for the Main Weldment has three functions as described below:
» Load Case I1- The lifting pad-eyes are used for hifting and rigging of the Main Weldment.
* Load Case 2- The hifting plate pad-eyes are used as the verfical restraint for the Top Weldment
during transportation.
e Load Case 3- The lifting plate is used as the lateral restraint of the Top Weldment during
transportation.
Load Case I - Lifti Evaluation (Lifting Condition
This load case is evaluated in Section 5.3 Main and Top Weldments Lifting Evaluations.
Load Case 2 - Lifti Vertical Restraint for Top Weldment Evaluation
During transportation the tie-down weldments will be secured within the Mamm Weldment pad-eyes as
shown in Figure 5-5. The tie-down weldments are the vertical restraint for the Top Weldment. Four (4)
tie-down weldments will be installed one at each main weldment lifting pad-eye.

Rzror Rzroe
TIE DOWHN WELDMENT (4X] TOP WELDMENT
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Figure 5-5: Top Weldment Vertical Load (2g)
The Vertical Load from the Top Weldment (See Table 4-2):
Fzrop = 22.0 kips X 2g = 44.0kips
The vertical load is distributed along all 4 tie-down weldments as shown in Figure 5-5.
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2 _ 44.0kips
ZTOP =4 padeyes
Rzrop s less than the reaction Rss evaluated m Load Case 1 for the hfting condition from a single pomt

at a 45 degree angle. The Ry load is bounding for the lifting pad-eye evaluation (see Section 5.3 for
hfting condition evaluation). However, the tie-down weldments need to be evaluated for the Rzyop load.
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&

g 3301 CIRCULAFR £FEA

S . i .

g N
o, St
KEC ANGULAK ARES ' 7 0 L, ’

£ v /s A
/ e /#' o Y 7
2 . 7/

- ’

YA AL
20

R
N
X

N

A

E-LOWN YELDN.z'] CROUSE-SECHC

Figure 5-6: Tie-Down Weldment Cross-Section
The tie-down weldment section properties from Table 17-27 of [9] are as follows:
Arectangle = 1in.X 2 in.= 2 in®
Agomi_circls = 1.570796R? = 1.57 in?
Atie_down = Arectangie + Asemi_circle = 3.57in.2
Centroid of composite cross section is:
Crectangle = 0.5 in.
Csemicircie = 2in.—0.575587R = 1.42 in.
_ (Arectangle X Crectangle) * (Asemi—circle X Csemi—circis) _ o g0 .0
Atig—down
Moment of Inertia of composite cross section is:
I -3 0.17 in*
rectangle = 5" = U- in
Isemi—circle = 0.109757R* = 0.11 in*
Itie—down = (Irectangte + (Arectangle X (Cractangle — Cris—down)>)) + (Usemi—circis + (Asemi—circle
X (Csemi—circle — Ctie-down) )) = 1.0 in*

Ctig—down
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The bending moment on the tie-down weldment and bending stress is:
Mtig—down = 11 Kkips X 3 in.= 33 kip — in

(33 kips — in) X (0.90 in.) )
Obending—tie-down = Toms = 29.7 ksi

The shear stress on the tie-down weldment is:

11kips )
Tshear—tie-down = 3To-s = 3.1 ksi
The mmimum margm of safety using matenal properties for A588 from Section 4.3:
50(0.6)
MSshear-tis—down = ~=1 1=+87

S50
MSpending-tie-down =557 — 1 = +0.7

Load Case 3 — Main Weldment lifting plate evaluation from Top Weldment Lateral L.oad

The Main Weldment Liftmg plate (1.5” thick) restrains the Top Weldment lateral load duning railcar
transport. The 1.57 lifting plate will be evaluated for bending and shear since the hifting plate penetrates
the entire body of the weldment assembly. By inspection, the lifting plate %" fillet welds are not a

concern.
The Top Weldment lateral load on the Main Weldment 1.5 thick lifting plate is:
Fyrop = 22.0 kips X 2g = 44.0kips

The lateral load on the Main Weldment lifting plate is Drop= 6.43 inches high from the top surface of
Main Weldment assembly (see Figure 5-7). The moment on the plate due to the Top Weldment Lateral
load is:

Mweld—tiftplate—y = 44.0kips X 6.43in.= 2829 kip — in
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Figure 5-7: Lateral Load (2g) Top Weldment
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The 1.5 thick plate cross-section properties are as follows:
b = 68 in. (Plate length)
d = 1.5 in. (1.57 thick plate)

The plate cross-sectional area 1s:
Ajiftplate-y = 1.5(68) = 102 in.?
The plate central axis of bending is:
15in. X
Cliftplate—y = 3 = 0.75in.
The moment of inertia for the plate:

bd? o
liiftplate = E: 19.13 in

The bending stress on the plate due to the lateral reaction:
2829 kip —in X 0.75in

A = 19.13in.* = 1L kst
The shear stress on the plate due to the lateral reaction:
44 kips

Tiiftplate—y = W = 0.43 ksi
The combined stress on plate is:

Riiftplate-y = J"quﬂm—rz + Tliftpm_yz =11.1ksi
The minimum margin of safety due to the combined stress is:

50
MShﬂ-pm..y —m— 1=+35

523 Top Weldment Longitudinal Load Evaluation

The vertical and lateral restraints for the Top Weldment have been evaluated in the previous Section
5.2.2. The Top Weldment longitudinal restraints (X) during transport are the 487 L x 10" W x 2.57 thick
shear plates (Item No. 7 of [12]). The shear plates are welded to the Top Weldment assembly by a 48”
long 3/8” fillet weld on one (1) side and a 68” long 3/8” bevel weld on the remaining three (3) sides of
the plate.
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Figure 5-8: Top Weldment Longitudinal Load (7.5g)
The Top Weldment longitudinal load from one shear plate is:
Fyrop = 22.0kips X 7.5 = 165.0 kips

In accordance with AWS-D1.1, Figure 3.3 of [15] the weld size for a single groove weld could be 1/8”
smaller than specified depending on the welding process used. Therefore, the effective weld area for the
3/8” fillet weld (1 side) and the 3/8” bevel weld (3 sides) will be assumed to be a 1/4” single groove
weld all around for conservatism using Table 9-2, Case 6 of [10] is:

b = 48 in. (Weld length)
d = 10 in. (Width spacing of welds)
h = 0.25 in. (Size of weld conservatively assuming a 1/4” fillet weld instead of 3/8")
Aweld—shearpiate = 1.414h(b + d) = 20.50 in.?
The shear stress on the shear plate weld from the Top Weldment longitudinal load:

. _ 165kips _ P
weld—shearplate = 2050in2

The margin of safety for the shear plate weld along the longitudinal (X) direction is:

50(0.6)
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53 Main and Top Weldments Lifting Evaluation

Main Weldment Lifting Pad-eyes Evaluation
The Lifting load for the Mam Weldment from Section 4.4 is:

Fyain = 44.1 kips
The Main Weldment has two liftimg points as shown in Figure 5-9. It is assumed that the Main
Weldment will be lifted from a single point at a 45-degree angle for conservatism A spreader
beam/frame 1s recommended for lifting during field operations to apply a vertical load only on the hifting
pad-eyes.
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Figure 5-9: Main Weldment Lifting Pad-eyes

The resulting load on the pad-eyes from hiftmg from a single point at a 45-degree Lift angle 1s:
_(441/2) ’
ASMAIN = m =312 klps
The minimum plate thickness is 1.50 inches. The recommended shackle for lifting and ngging is a
Crosby G-2130 Part No. 1019639 [7] with a pin diameter of 2.04 inches and a working load Lt of 25
tonnes. The areas for shear, bearing. and tension of the plate are:

2.13 in.

Amﬁuﬂ = 2 planes X (4 — ( )) X 1.5in. = 8.81in.2
Amu_uﬂ = 1.5 in.X 2.04 in.= 3.06 in.?

Arension-lift = (8 in.—2.13 in.) X 1.5in.= 8.81 in.?
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A dynamic load factor of 1.15 is applied per the specification for overhead traveling cranes published by
the Crane Manufactures Association of Amenica [11]. The beaning stress on the pad-eyes and shear

stress are calculated below:
) g = | (31.2 kips) x (1.15) _ i
OBearing-lift = 3.06 in2 =117 ksi
(31.2 kips) X (1.15) :
T’w_uft — BB1 fﬂ.z = 4,07 k.ﬂ

The margin of safety is calculated using the lesser of 1/3 yield and 1/5 ultimate in accordance with [4].
The matenial of the lug 1s the 50 ksi yield strength material from Table 4-1.

miny )
MSpearing-lift = 17 1=+0.20
.50 70
Top Weldment Lifting P Evaluation
The Top Weldment 1s designed to be lifted similar to the Mamn Weldment design. The lifting load for the
Top Weldment from Section 4.4 is:

Frop = 22.0 kips
The resulting loads on the pad-eyes from lifting from a single point at a 45-degree lift angle are:

_(22/2) _ .
Rysrop = m = 15.6 kips

The shear, tension, and bearing stress on the pad-eyes for the Top Weldment is not a concern since the
same design has been evaluated for the Main Weldment at 31.2 Kips.

Main and Top Weldments stacked plates weld evaluation (Lifting)

The Main Weldment design consists of a top 857 x 487 x 2.57 thuck plate and seven (7) stacked 106™ x
48" x 3.57 thick plates. The 1.5” thick lifting plate is welded to the bottom (3.57) and top (2.57) plates of
the weldment assembly by two 68” long x 1.5" wide %:” size welds and the lifting plate penetrates the
entire body of the Main Weldment assembly connecting all the stacked plates from the center (see
Figure 5-10). By inspection the resulting stresses on the stacked plates is not a concern. All cnifical
components on the 1.5” lift plates and Main Weldment has been evaluated in the previous sections.
The Top Weldment design consists of a top 106” x 48™ x 2.5” thick plate and three (3) stacked 106™ x
48" x 3.57 thick plates. See Figure 5-11 for Top Weldment stacked plate design. Similarly to the Main
Weldment design, the 1.57 lifting plate for the Top Weldment penetrates through the entire body of the
assembly and welded to the bottom plate (3.57) and top (2.57) plates by two 687 long x 1.5” wade %"

Page J.2-25 February 2, 2018



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

CALC-30180954-001
Page 25 of 29

A AREVA Federal Services LLC
AREVA Title: Atlas Railcar Conceptual Ballast Load Structural Calculation
DocJRev.: CALC-3018954-001
Project: 0022503.0050 - DOE Aflas Railcar Page 25 of 29

size fillet and groove welds. All critical components on the lift plates have been evaluated in the

(P —
AU PLATE - o) T
5 L2 8 OLAIL
1777 v
y, Iy y,
DS KBNS SLATE [7X]
2.5 FLATE RALCAR ATTACHWENT 7 ) -

Figure 5-10: Main Weldment Stacked Plates (Lifting)
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Figure 5-11: Top Weldment Stacked Plates (Lifting)

54 Truck Transportation Recommendations

The ballast load weldments will require shoring, tie-down, and weight distnbution during truck
transportation Recommendations for truck transportation include using W16 x 50 beams for weight
dismbution on the truck deck. A conceptual design for the shoring is provided in Figure 5-12. The
shoring will alleviate the weight of the Main Weldment (44.1 kip) from the rails (2.5 thick plate) and
will distnibute the load on the truck deck.

The two holes on the 1.5 thick lifting plate or the 4.13” holes (4 total) on the Mamn Weldment assembly
can be used (as required) to tie-down the assembly during truck transport. A more detailed design and
analyses for the shoring/cribbing will be performed at a later date.
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Figure 5-12: Conceptual Ballast Load Shoring for Truck Transport
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6.0 RESULTS AND CONCLUSIONS

6.1 Railcar Interface Loading Summary

Table 6-1 1s a summary of the bounding loads apphed to the Atlas railcar inferface from Section 5.1.
NOTE: The summanzed loads in Table 6-1 are for a Ballast I oad Assembly consisting of two (2) Main
Weldments and one (1) Top Weldment weighing a total of 110.3 kips.

Table 6-1: Railcar Tie-down Loads
Reaction per
Section 4.2 Direction pinned Calculated Max Loading, kips
Loading location Reaction, kips
Longitudinal (7.5g) Vertical (Z) Ryzy -107
Longitudinal (7.5g) Vertical (Z) Ryps 107 Ryxn = 207
Longitudinal (7.5g) | Longitudinal (X) Ryxa 207
Vertical reaction is
y ’ bounded by
Vertical (2g) Vertical (Z) Rzz 35 Longitudinal 7.5g
reaction.
Lateral (2g) Vertical (Z) Ryzy 3 Ryyz = 66
Lateral (2g) Vertical (Z) Ryz2 -3 Reaction on pin block
Lateral (2g) Lateral (Y) Ry 66 R Me= A
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6.2 Concept Design Summary

The conceptual design for the Ballast Load Assembly was evaluated for the AAR tie-down loads and

hfting. As shown in Section 5.0 all the margins of safety were at least +0.20. This is deemed adequate

to assure the Ballast Load Assembly concept is viable in support the Atlas Railcar design.

6.3 Literature Search and other Background Data

A formal literature search was not applicable to this scope of work. All required background information
is provided under Section 1.1, Project Background and throughout this calculation.
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APPENDIX A: CALCULATION ATTACHMENTS
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